BD Rhapsody™ ATAC-Seq
ASSays

Product overview and performance data

S BD



Chapter I
Value proposition




End-to-end single-cell multiomic solution

» BD Rhapsody™ ATAC-Seq Assays seamlessly plug into the established BD workflow for
single-cell sorting, preserving and multiomic analysis.
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BD Rhapsody™ ATAC-Seq Assays applications

* Run our assay to:

Gain insight into genome-wide native chromatin
landscape at the single-cell level

Identify regulatory regions driving cell-type

Single Cell ATAC-seq specific gene expression

Explore epigenetic heterogeneity within cell
populations

Uncover direct links between regulatory regions
and transcriptional outputs at the single-cell level

Reveal multilayered regulatory dynamics
underlying cellular identities and functions

Single Cell Multiomic
ATAC-seq + RNA-seq

Gain a multiomic view of heterogeneity within
complex populations
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Applications in immunology @

Single-cell ATAC-seq maps epigenomic regulation and chromatin accessibility in immune cells, enabling
high-resolution dissection of heterogeneity and dysrequlated gene programs driving immunological

disease states.

Year Title Methods summary Outcome
. . . : COVID-1 inati d natural infecti licit
Multimodal single-cell datasets characterize Uses single-cell ATAC-seq and RNA-seq analyses O . ? v.accma |or.1 .an natural infection et
. . . distinct antigen-specific CD8* T cell landscapes,
2023 antigen-specific CD8+ T cells across SARS-CoV-2  to study immune cells from COVID-19 e . .
S . . . . . highlighting potential targets for improved
vaccination and infection vaccinated and naturally infected individuals. . .
vaccine design.
Integrajced sir.wgle-cell chromatin and . - Uses single-cell ATAC-seq and RNA-seq analyses Integrated single-cell de?ta pinpoints.key cgll types
transcriptomic analyses of human scalp identify . and regulatory mechanisms underlying hair and
2023 . to analyze human scalp tissue from healthy L . . :
gene-regulatory programs and critical cell types . . . skin diseases, offering potential therapeutic
. T controls and patients with alopecia areata.
for hair and skin diseases targets.
: . . R Is distinct patt i ial fibroblast
. N N Uses single-cell ATAC-seq and RNA-seq, imaging evea.s .Is. ne p.a erns i sy.nov.la jorobias
Drivers of heterogeneity in synovial fibroblasts i : . ) types in joints, driven by varying immune cell-
2023 . " and spatial transcriptomics to study drivers of . : S .
in rheumatoid arthritis o . . derived cytokine exposure, offering insights into
cellular heterogeneity in rheumatoid arthritis. . .
disease progression.
. . . Uses flow cytometry and single cell ATAC-seq to Reveals the remarkable heterogeneity of HIV-
Profound phenotypic and epigenetic study the phenotypic and epigenetic diversit infected cells of CD4* T cells, suggesting hurdles
2022 heterogeneity of the HIV-1-infected CD4* T cell . Y . P P . P g. . Y . .  5UBE &
reservoir in HIV-infected cells, aiming at identifying of eradication and paving the way for more
- eradication strategies. targeted strategies.
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Applications in cancer research

* Single-cell ATAC-seq reveals epigenomic dysregulation in tumor microenvironments and cancer cells,
identifying regulatory mechanisms underlying heterogeneity, metastasis and drug resistances in cancer.

Year Title Methods summary Outcome
: . . Pinpoints distinct drivers for tumor initiation and
. . . . . Uses single-cell ATAC-seq to analyze epigenetic . .
Epigenetic regulation during cancer transitions . progression across different cancer types,
2023 changes across 11 tumor types to reveal drivers . >~ . .
across 11 tumour types o e ) highlighting potential targets for improved
specific to cancer initiation and metastasis. .
targeted therapies.
Uses single-cell ATAC-seq, RNA-seq and spatial Identifies distinct cellular populations and
2023 Epigenetic plasticity cooperates with cell-cell transcriptomics to study how cell-to-cell interactions driving disease initiation as well as
interactions to direct pancreatic tumorigenesis  interactions can lead to pancreatic tumor plasticity-associated gene programs, offering
development and its progression. early intervention strategies.
. Uses single-cell ATAC-seq and RNA-seq to Shows what distinct roles these two transcription
FOXP1 and KLF2 reciprocally regulate . . & q q L. . . s P
. . ... . investigate how FOXP1 and KLF2 transcription  factors play in regulating the transition of CAR T
2023 checkpoints of stem-like to effector transition in . . . .
CAR T cells factors regulate the transition of CAR T cells to  cells to an exhausted state, potentially impacting
I effector states. therapy efficacy.
Uses single-cell ATAC-seq to identify key Unveils four key transcription factors that play a
2022 Single-cell multiomics analysis reveals regulatory regulatory programs in clear cell renal cell key regulatory role in tumor cell behavior and

carcinoma and potentially therapeutic targets
by analyzing tumor.

programs in clear cell renal cell carcinoma

offers potential therapeutic targets based on the
factors identified.
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Applications in developmental biology @

* Single-cell ATAC-seq elucidates chromatin dynamics across cell lineages during development, linking
regulatory elements to gene network that orchestrate cell fate decisions and tissue formation.

Year Title Methods summary Outcome

Paints a comprehensive picture of the human
intestine at the cellular level, revealing diverse
cell populations and their roles, crucial for
understanding health and disease.

o . . . Uses single-cell ATAC-seq to study the cellular
Organization of the human intestine at single- . . .
2023 organization of the human intestine to map

cell resolution . . :
different cell types and their functions.

. Uses single-cell ATAC-seq and RNA-seq to Provides a comprehensive map of developing
A human fetal lung cell atlas uncovers proximal- . .
. . ; . create a cell atlas of the developing human human lung cell types and their regulators,
2023 distal gradients of differentiation and key . . o .
ST lung and study regulatory mechanisms guiding offering insights into lung development and
regulators of epithelial fates . ) . .
lung formation. potential targets for treating lung diseases.

U ingle-cell ATAC- RNA- d tial . . .
>€s sIngle-ce >€4, >ed and spatia Reveals diverse cell states and spatial dynamics

Multimodal characterization of murine imaging to study murine gastruloid . . . .
2023 ) during murine gastruloid development, offering
gastruloid development development and cell states and types . . . :
. . . . insights into early embryonic pattern formation.
associated with this embryonic stage.
Uses flow cytometry, ATAC-seq, RNA-seq and Unveils diverse cell types and developmental
2022 Single-cell roadmap of human gonadal spatial analyses to chart development of trajectories in human testes and ovaries,
development human gonads and the different cell types providing insights into gonadogenesis and
associated with that process. potential targets for reproductive disorders.
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Applications in neuroscience @J‘“

* Single-cell ATAC-seq maps chromatin landscapes across cell subtypes, offering an epigenomic basis for
neuronal and glial diversity, connectivity, plasticity and dysfunction critical in understanding brain in
health and neurological disease.

Year Title Methods summary Outcome
. . . . Uses single-cell ATAC-seq and CRISPR Reveals how non-coding regions impact gene
Massively parallel functional dissection of . & . q . . &re6 . pact 8
; ; . ) . interference screening to analyze how non- expression, suggesting potential targets beyond
2023 schizophrenia-associated noncoding genetic . . . . . o . . : :
Variants coding genetic variants in schizophrenia impact protein-coding regions commonly focused on in
- gene expression in neuronal cells. drug development.

Uses single-cell ATAC-seq in combination with
A cell-type-specific error-correction signal in the electrophysiology to analyze cell types and
posterior parietal cortex signals crucial for error-correction during
navigation.

Offers a deeper understanding of how specific
neuronal populations in the posterior parietal
cortex contribute to navigational error correction.

2023

Epigenomic dissection of Alzheimer’s disease Uses single-cell ATAC-seq, RNA-seq and bulk Reveals distinct cell-type specific epigenomic

o . i analyses at a large-scale to delve into the dysregulation in microglia, suggesting cellular
2023 pinpoints causal variants and reveals epigenome . . . .
erosion epigenomic and transcriptional landscapes of  targets for treatment and highlighting an
I Alzheimer’s disease. epigenome erosion in late-stage brains.

Human prefrontal cortex gene regulatory Uses single-cell ATAC-seq and RNA-seq across  Sheds light on healthy brain development and

: . . various developmental stages to map gene implicate potential disruptions in distinct cell
2022 dynamics from gestation to adulthood at single- . P 8 : p 8 p . P P .
; expression and regulatory dynamics in the trajectories and regulatory networks in
cell resolution : :
human prefrontal cortex. neurological disorders.
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BD Rhapsody™ Single Cell ATAC-Seq Assays

BD Rhapsody™ ATAC-Seq Assays enable the generation of either standalone open
chromatin profiling data from single nuclei or multiomic datasets of open chromatin
accessibility and transcriptome of single nuclei in one experiment.

Key product features include:

ﬁ Reliable performance High sensitivity and specificity across different experimental conditions.
k@ Scalable input Capable of accommodating a wide range of cell inputs.
¥: Multiomic analysis Integrated epigenomic and transcriptomic characterization on the same cells.

&
(_‘(-

Sample tagging enabled  Compatibility with Custom BD® Nuclear Antibody-Oligonucleotide Conjugates.

u
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BD Rhapsody™ Single Cell ATAC-Seq Assays Workflow
* ATAC-seq workflow:

* ATAC-seq + WTA workflow:

Pre-cartridge workflow: ~2-5 hours depending on cell type in both workflows
Cartridge workflow: ~1 hour in both workflows

Library prep: ~3 hours in ATAC-seq and ~6 hours in multiomic workflow

Sequencing: Variable depending on experiment
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BD Rhapsody™ ATAC-Seq Assay performance—PBMCs

A) B) C)

AT198-2-PBMC-SA-ATAC Fragment Length Distribution AT198-2-PBMC-SA-ATAC TSS Enrichment
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Sensitivity and specificity metrics for the BD Rhapsody™ Single-Cell ATAC-Seq Assay experiment with human PBMCs. A) Fragment size
distribution plot demonstrating a preferential transposition of the nucleosome-free regions of open chromatin (large peak at <200 bp) and further
peaks reflecting the ~200 bp repeating pattern of nucleosome positioning. B) Transcription start site (TSS) enrichment plot, an indicator of signal-to-
noise ratio, from the same experiment, showing the aggregated read density around TSS over the genomic background that indicates the preferential
accessibility of promoter regions. C) Scatter plot from the same experiment, showing the FriP (fraction of reads in promoters) score, a measure of
specificity, against the number of transposase sites in peaks, a measure of sensitivity at roughly 50,000 mean raw read pairs per putative cell.
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BD Rhapsody™ ATAC-Seq Assay performance—K562

A) B) C)

AT198-2-K562-SA-ATAC-50Kreads Fragment Length Distribution AT198-2-K562-SA-ATAC-50Kreads TSS Enrichment
Peak height: 18.74 AT198-2-K562-SA-ATAC-50Kreads ATAC Cell Calling
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Sensitivity and specificity metrics for the BD Rhapsody™ Single-Cell ATAC-Seq Assay experiment with K562 cell line. A) Fragment size distribution
plot demonstrating a preferential transposition of the nucleosome-free regions of open chromatin (large peak at <200 bp) and further peaks
reflecting the ~200 bp repeating pattern of nucleosome positioning. B) Transcription start site (TSS) enrichment plot, an indicator of signal-to-noise
ratio, from the same experiment, showing the aggregated read density around TSS over the genomic background that indicates the preferential
accessibility of promoter regions. C) Scatter plot from the same experiment, showing the FriP (fraction of reads in promoters) score, a measure of
specificity, against the number of transposase sites in peaks, a measure of sensitivity at roughly 50,000 mean raw read pairs per putative cell.
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BD Rhapsody™ Single Cell Multiomic ATAC-Seq Assay performance—PBMCs
and K562

AT198-1-PBMC-MO-ATAC-WTA Joint Cell Calling AT198-2-K562-MO-ATAC-WTA Joint Cell Calling ATlg 8727K5 62 75A7ATAC_V S_AT19872 7K5627 MO*ATAC
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Sensitivity and specificity metrics for the BD Rhapsody™ Single-Cell Multiomic ATAC-Seq Assay. A) Joint calling scatter plot from a multiomic
experiment with PBMCs where each cell is represented as a dot and RNA molecules are plotted against the ATAC-seq transposition events. B) The same
plot with the K562 cell line. The clear separation between cell and non-cell events indicates the ability to effectively distinguish real cells from non-cell
barcodes as well as a successful integration and co-analysis of the chromatin accessibility and transcriptomic data at the single-cell level. Both samples
were sequenced up to ~50,000 mean raw read pairs per putative cell. C) High correlation between the ATAC-seq data from a standalone BD Rhapsody™
ATAC-Seq experiment vs a multiomic BD Rhapsody™ ATAC-Seq experiment with K562 cells as shown by the high peak signal correlation plot.
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BD Rhapsody™ ATAC-Seq Assay reproducibility—PBMCs and K562

High  reproducibility @ with  BD
Rhapsody™ ATAC-Seq and Multiomic
ATAC-Seq Assay. The peak signal
correlation  across two  different
standalone BD Rhapsody™ ATAC-Seq
Assay experiments with the K562 cell
line (A) and two different standalone
BD Rhapsody™ ATAC-Seq Assay
experiments with human PBMCs (B).
The peak signal correlation across two
different multiomic BD Rhapsody™
ATAC-Seq and WTA Assay experiments
with the K562 cell line (C) and human
PBMCs (D).
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T T T
20 30 40
AT198-1-PBMC-MO-ATAC

ATAC-seq Peaks Common %Common
K562 Exp 1 260,373 227,714 87%

K562 Exp 2 252,839 229,662 91%
PBMC Exp 1 128,983 117,956 91%
PBMC Exp 2 129,136 118,017 91%
Multiomic ~ Number of Number of %Common
ATAC-seq Peaks Common

K562 Exp 1 249,702 221,817 89%

K562 Exp 2 246,111 222,865 91%
PBMCExp 1 122,707 109,687 89%
PBMC Exp 2 120,204 109,924 91%
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WTA reproducibility in multiomic workflow—PBMCs and K562

High reproducibility in whole transcriptome analysis
with BD Rhapsody™ Single-Cell Multiomic ATAC-Seq

A)

® WTA (WTA/ATAC) Rep 1
® WTA (WTA/ATAC) Rep 2

Assay. Clustering and gene expression correlation
analysis for the WTA samples in the multiomic BD B)
Rhapsody™ ATAC-Seq Assay, indicating no batch effect
in WTA libraries made across two different experiments

with the K562 cell line (A) and human PBMCs (B).
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BD Rhapsody™ Single Cell Multiomic ATAC-Seq Assay reproducibility—
PBMCs and K562

Non-Duplicate Genomic Fragments TSS Enrichment Score FRiP Score

20000 50 1

15000 e e 40 e e e e e 0.8 e = - e

e e [ e
30 0.6
10000
20 0.4
5000 10 0.2
0 0 0
500 nuclei 2,500 nuclei 5,000 nuclei 10,000 nuclei 25,000 nuclei 500 nuclei 2,500 nuclei 5,000 nuclei 10,000 nuclei 25,000 nuclei 500 nuclei 2,500 nuclei 5,000 nuclei 10,000 nuclei 25,000 nuclei

Robust performance across different cell input amounts. BD Rhapsody™ ATAC-Seq Assays enable scalable profiling of open chromatin and
gene expression analysis from limited cell inputs to thousands of single cells in one experiment, as demonstrated by the data from a series of BD
Rhapsody™ ATAC-Seq Assay experiments with 500, 2,500, 5,000, 10,000, and 25,000 nuclei from human PBMCs captured in a single lane on the
BD Rhapsody™ 8-Lane Cartridge. A. Median nonduplicate fragments per putative cell at roughly 50,000 mean raw read pairs per putative cell. B.

TSS enrichment plots from the same experiments. C. FriP scores from the same experiments, all pointing to a robust and reproducible
performance irrespective of the nuclei number.
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Chapter II:
Product overview




BD Rhapsody™ ATAC-Seq Assays reagents

* Reagent bundles needed to enable
ATAC-Seq and Multiomic ATAC-Seq for
8 reactions.

Single-Cell ATAC-Seq Assay 5

Existing kit

2 x BD Rhapsody™ Enhanced

Cartridge Reagent Kit V3 (667052)
New kit, TCR/BCR Next and

ATAC-Seq assays
.|. q y

2 x BD Rhapsody™ Cartridge

1 x BD Rhapsody™ 8-Lane
Kit (633733)

Cartridge (666262) New kit, Standalone and
Multiomic assays

+

1 x BD Rhapsody™ ATAC-Seq
Tagmentation and Supplemental
Reagents Kit (571201)

+

1 x BD Rhapsody™ ATAC-Seq _ o
Amplification Kit (571356) New kit, Multiomic assay

New kit, Standalone assay

Single-Cell Multiomic ATAC-Seq Assay

2 x BD Rhapsody™ Enhanced
Cartridge Reagent Kit V3 (667052)

+

2 x BD Rhapsody™ Cartridge 1 x BD Rhapsody™ 8-Lane
Kit (633733) Cartridge (666262)

2 x BD Rhapsody™ cDNA Kit
(633773)

2 x BD Rhapsody™ Whole

Transcriptome Analysis (WTA)
Amplification Kit (633801)

+

1 x BD Rhapsody™ ATAC-Seq
Tagmentation and Supplemental
Reagents Kit (571201)

+

1 x BD Rhapsody™ Multiomic
ATAC-Seq Amplification Kit
(571361)
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BD Rhapsody™ ATAC-Seq Tagmentation and Supplemental Reagents Kit

* Tagmentation and Supplemental Reagents Kit (used in both workflows) o0 hapsocy ™

ATAC-Seq Tagmentation and Supplemental
Reagents Kit
Dlngtv Component 5 8022688 cor ma 253/0 rotei lu up
Warning: Component 51-8023085 contains 2% Digitonin my e,
m& rodct nsurt

in diagnostic procedures

Description PN Storage temperature Shelf life

BD Rhapsody™ ATAC-Seq Tagmentation and Supplemental Reagents Kit 571201 -20°C 1.5 years Cat 571207 Lot seseses

Store at-20°C Exp: 8888-08-28

D

BD Biosciences
e ©BD
For

ATAC-Seq Tagmentation and Supplemental Reagents Kit

Cap Color Name Quantity Cap Color Name Quantity
O Tagmentase 1 @ Universal ATAC-Seq Splint Oligo 1 e
. Tagmentation Buffer 1 . Splint Oligo Annealing Buffer 1
O 10X PBS 1 O Splint-Bead Wash Buffer 1
@ Digitonin 2% 1 O Nuclei Buffer 2
. Tween 20 10% 1 (;, Proteinase K, Molecular Biology Grade 1
O Nuclease Free Water 1

 Kit contains printed Technical Data Sheet (TDS) (right).
« Safety Data Sheet (SDS) and TDS is available on the website.

&BD
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BD Rhapsody™ ATAC-Seq Amplification Kit

* ATAC-Seq Amplification Kit (used only in standalone workflow) 30 Rrapsody

ATAC-Seq Amplification Kit

Danger: Companent 519024048 contains 5-10 % Tris Base and 1.8 %
Tetram sthylammonium chioride, see procuctinsert.
Notfor use in res.

m
diagnostc procedur

Description PN Storage temperature Shelf life
BD Rhapsody™ ATAC-Seq Amplification Kit 571356 -20°C 1 year Cat 571358 Lot ssasses
Store at -20°C Exp: 8888-08-28 @
ATACSeq Amplification Kit e
Cap Color Reagent Name Quantity Cap Color Reagent Name Quantity g A -
. Ligation Buffer 1 . ATAC-Seq Library Reverse Primer 5 1
. Ligase 1 . ATAC-Seq Library Reverse Primer 6 1 R
C) Nuclease Free Water 2 . ATAC-Seq Library Reverse Primer 7 1 o
. Gap-Filling Enzyme 1 . ATAC-Seq Library Reverse Primer 8 1
@  GapFilling Buffer 1 @ o 1
_} ATAC-Seq Library Forward Primer 1 . Gap-Filling Enhancer 1
. ATAC-Seq Library Reverse Primer 1 1 . Elution Buffer 1
. ATAC-Seq Library Reverse Primer 2 1 O Bead Resuspension Buffer 1
. ATAC-Seq Library Reverse Primer 3 1 C> PCR MasterMix 1
. ATAC-Seq Library Reverse Primer 4 1
 Kit contains printed Technical Data Sheet (TDS) (right).
&BD

« Safety Data Sheet (SDS) and TDS is available on the website.

s
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BD Rhapsody™ Multiomic ATAC-Seq Amplification Kit

* Multiomic ATAC-Seq Amplification Kit (used only in multiomic workflow) s
Description PN Storage temperature Shelf life
BD Rhapsody™ Multiomic ATAC-Seq Amplification Kit 571361 -20°C 1 year Cat 571381 Lot asseses

Store at-20°C Exp: 8888-08-28 @
Multiomic ATAC-Seq Amplification Kit f?:“m:ﬁ"‘y,m =
Cap Color Name Quantity Cap Color Name Quantity SEES S0 A e S
. Ligation Buffer 1 . ATAC-Seq Library Reverse Primer 6 1
. Ligase 1 . ATAC-Seq Library Reverse Primer 7 1 N
/\;\ Nuclease Free Water 1 . ATAC-Seq Library Reverse Primer 8 1
O ATAC-Seq Library Forward Primer 1 ) RNase Inhibitor 1
. ATAC-Seq Library Reverse Primer 1 1 (D 0.1M DTT, Molecular Biology Grade 1
® ATAC-Seq Library Reverse Primer 2 1 ) Bead Resuspension Buffer 1
. ATAC-Seq Library Reverse Primer 3 1 . Elution Buffer 1
. ATAC-Seq Library Reverse Primer 4 1 . Splint oligo Removal Buffer 2
. ATAC-Seq Library Reverse Primer 5 1 C) PCR MasterMix 1

 Kit contains printed Technical Data Sheet (TDS) (right).
« Safety Data Sheet (SDS) and TDS is available on the website.

&BD
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Workflow protocols

* Label-approved library preparation protocols and bioinformatics user guide:

DocID Doc Title Workflow

BD Rhapsody™ System Single-Cell ATAC-Seq & BD Rhapsody™ System
23-24473 ATAC-seq ingle-Cell ATAC-Se
==—=—— Library Preparation Protocol ool

BD Rhapsody™ System Single-Cell ATAC-Seq and
23-24474 mRNA Whole Transcriptome Analysis Library ATAC-seq + WTA
Preparation Protocol

BD Rh dy™S Analysis Pipeline U
23-24580 GUideapso y™ Sequence Analysis Pipeline User All Rhapsody assavs

D2
e

* SMK protocols will be released after launch:

Doc ID Doc Title Workflow

BD Rh dy™ System Single-Cell ATAC-S d
23-24798 ARSOCY—_2VSTEM SINEIE2E €4and  ATAC-seq+ SMK
— Sample Tag Library Preparation Protocol

BD Rhapsody™ System Single-Cell ATAC-Seq,
23-24799 mRNA Whole Transcriptome Analysis, and Sample ATAC-seq + WTA + SMK
Tag Library Preparation Protocol

BD Rhapsody™ ATAC-Seq Assays - Data Deck  April 2024 For Research Use Only. Not for use in diagnostic or therapeutic procedures.

& BD Rhapsody™ System

Single-Cell ATAC-Seq and mRNA Whole
Transcriptome Analysis
Library Preparation Protocol

& BD Rhapsody™
Sequence Analysis Pipeline
User's Guide

D2
e

zzzzzzzzzzz
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Chapter I11I:
Supplementary data

L/
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Performance metrics—whole transcriptome analysis (WTA)

sequencing and library quality

Multiomic (MO) ATAC-Seq experiment with K562 cell line:

WTA Sequencing Quality (K562)

100.00
80.00
60.00
40.00
20.00 °
I SN e 5§ g I 3 03 w3 N
o o© o o o© o s © o -
0.00
% Reads Too Short % Reads Low Base Quality % Reads High SNF % Reads Filtered Out
K562_1_MO_WTA_DS K562_2_MO_WTA_DS K562_WTA Only_DS

100.00

80.00

60.00

40.00

20.00

0.00

85.89
86.50
88.59

% Q30 Bases in Filtered R2

K562_1_MO_WTA_DS

BD Rhapsody™ ATAC-Seq Assays - Data Deck  April 2024 For Research Use Only. Not for use in diagnostic or therapeutic procedures.

WTA Library Quality (K562)
2 7)) g =z A
3 5|5 5 o5 8
N/
% CellLabel UMI % CellLabel UMI Aligned
Uniquely

K562_2_MO_WTA_DS

0 ~
2z 3
o 5

~ 2 ~

% Reads Useful

K562_WTA Only_DS

24



Performance metrics—WTA metrics

Multiomic ATAC-Seq experiment with K562 cell line:

Sequencing Depth

Alignment
100.00 20
80.00 16
g x
Ra Rt
60.00 0" H 12
40.00 Sy ﬁ = 8
N =
~NT N —QcQ
20.00 SS9 893 9S8 s83 ung 4 1.23
<t < N < < W N« oM oo .
0.00 0
olo olo olo olo olo olo olo
O(QQJ ‘0(\5 ,\O(\L) Q}{')Q’ ) &)Q’ 00(7 (\Q/b
X <& e Y S & N
© N & N < N4 &
& Y v o & N)
X N < v
o\ &
> X
ol N
0(\0&
v Putative Cell Count
10,000
8,000
6,557
6,000 5,404
4,559

4,000
2,000

& BD

BD Rhapsody™ ATAC-Seq Assays - Data Deck

April 2024
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Mean Raw Sequencing Depth

1.25

1.21

1.04

Mean RSEC Sequencing Depth

40

20

% Reads from Putative Cells

66.36

62.88

78.12
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Sequencing Saturation

34.99
31.46

6.91

Sequencing Saturation

K562_1_MO_WTA
K562_2_MO_WTA_DS
K562_WTA only_DS
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Performance metrics—WTA sensitivity

Multiomic ATAC-Seq experiment with K562 cell line:
Post down-sampling to similar mean reads/cell

Reads and Molecules Total Bioproducts Detected
10,000 35,000
- 25,885 29,170
© in 30,000 27,471
8,000 3 =
Vo]
2 25,000
W,
6,000 L
20,000
4,000 a § E 2
’ 3 o © % 15,000
~ o~
2,000 10,000
5,000
Raw Reads per Cell Mean Reads per Cell Median Molecules per Cell

K562_1_MO_WTA
K562_2_MO_WTA_DS
K562_WTA only_DS
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WTA data visualization

Multiomic experiment with K562 cell line:
Analysis based on highly variable genes

30

Coord 2
o

File name

K562-1-MO-WTA_DS
K562-2-MO-WTA_DS

K562-1-MO-WTA_DS
K562-WTAonly_DS

K562-1-MO-WTA_DS (32.7%)
K562-2-MO-WTA_DS (27 .6%)
K562-WTAonly_DS (39.7%)

-30

Coord 1

WTA gene expression correlation R?> 80%.

& BD

BD Rhapsody™ ATAC-Seq Assays - Data Deck  April 2024

K562-2-MO-WTA_DS
K562-WTAonly_DS

For Research Use Only. Not for use in diagnostic or therapeutic procedures.
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Performance metrics—whole transcriptome analysis (WTA)

sequencing and library quality
Multiomic (MO) ATAC-Seq experiment with PBMCs:

WTA Sequencing Quality

100.00
80.00
60.00
40.00
20.00

1.312.360 51 0.190.210.09 0.981.210.93 2.483.781 53

0.00 — — S

% Reads Too Short % Reads Low Base % Reads High SNF % Reads Filtered
Quality Out

PBMC_1_MO_WTA mPBMC_2_MO_WTA DS ®PBMC_WTA Only_DS
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87.12
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Filtered R2

PBMC_1_MO_WTA

v
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WTA Library Quality
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Q0
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Performance metrics—WTA metrics
Multiomic ATAC-Seq experiment with PBMCs:

Alignment Sequencing Depth Sequencing Saturation
100.00 20.00 100.00
80.00 16.00 80.00
60.00 m Q m o © a 12.00 60.00 | 4846
O © 7 3
40.00 o Q. = 8.00 40.00
nXRo
LR —
20.00 “ES 585 =285 gy 88y 400 268 237 oo 298 259 o 20.00
Mmoo FTN QA 0P ) )
oo i B AR e = - B o | _ ) - 0.00
J K Mean Raw S ing Depth Mean RSEC S ing Depth
&z\o &o\o (\‘:\o (’Q/o\e o@o\o 0‘:\0 q,b\o ean Raw Sequencing Dep ean equencing Dep
o © ° & & S &
§ X & o Q & N
R N N & O & <
& NS s O vé‘ N)
& &
Q,S\ \.Q:\
x$ &
O\'Ib
Q . .
v Putative Cell Count % Reads from Putative Cells
5,000 100.00
4,348
3995 81.14
’ 77.38 75.73
4,000 3518 80.00
3,000 - : 60.00
2,000 | | 40.00 | PBMC_1_MO_WTA
1,000 | | 20.00 - PBMC_Z_MO_WTA_DS
B PBMC_WTA only_DS
- 0.00
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Performance metrics—WTA metrics

Multiomic ATAC-Seq experiment with PBMCs:
Post down-sampling to similar mean reads/cell

Reads and Molecules

10,000

8,000 7,236 7,293

6,000 5,735

4,000 3,107 3,103 3,218

2,132
2,000 | 95 1,104 l
_ o ol 1 | B

Raw Reads per Cell Mean Reads per Cell Median Molecules per Cell
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WTA data visualization
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Performance metrics—repeatability

Standalone (SA) and multiomic (MO) experiments with
K562 cell line:

Peak Overlap by Genomic Location

Experiment # Peaks # Comm  %Common
K562-SA_PN_AT191 183,268 158,007 86%
K562-SA_PN_AT196 190,801 157,272 82% §
K562-MO_PN_AT196_1 189,017 166,226 88% é
K562-MO_PN_AT196_2 189,941 167,181 88%

50 A

40 |

30 A

10 A

Peak Signal Correlation

K562 (Standalone)

AT191-AM2-New-ATAC _VS_AT196-AM-SA-ATAC

pearsonr: 0.93
spearmanr: 0.89

T T T T T
10 20 30 40 50
AT191-AM2-New-ATAC
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AT196-AM-MO-ATAC-WTA

50 1

40 -

1)
(=]
L

8]
(=]
L

10 A

K562 (Multiomic)

AT196-DMF2-MO-ATAC-WTA_VS_AT196-AM-MO-ATAC-WTA

pearsonr: 0.95
spearmanr: 0.92

T T
0 10

T T T
20 30 40
AT196-DMF2-MO-ATAC-WTA

T
50
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Performance metrics—repeatability

Standalone and multiomic experiments with K562 cell line:
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e/ BD BD Rhapsody™ ATAC-Seq Assays - Data Deck  April 2024

AT198-1-K562-SA-ATAC_VS_AT198-1-K562-MO-ATAC

10 4

pearsonr: 0.97
spearmanr: 0.94

T T T T T
10 20 30 40 50
AT198-1-K562-SA-ATAC

Standalone ATAC-Seq

Multiomic ATAC-Seq

AT198-2-K562-MO-ATAC
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20 A

10 1

AT198-2-K562-SA-ATAC _VS_AT198-2-K562-MO-ATAC

pearsonr: 0.97
spearmanr: 0.94
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AT198-2-K562-5A-ATAC

Standalone ATAC-Seq
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Performance metrics—repeatability

WTA repeatability in multiomic assay:

Czolge_lation: mean( log10(molecules per cell per gene) )
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Performance metrics—WTA performance

Multiomic experiment with K562 cell line:

Corzreglation: mean( log10(molecules per cell per gene) )

, , R?=0.948
WTA library quality ’
/'/I L
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91.8 917 97.0 Lo 2%
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o . ™ ®
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= o ]
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0.0 05+ % ;. L
%Q30 %Assigned to cell label %celluar reads uniquely ®
aligned @
e B
multiomics WTA nuclei WTA 0 . : . i )
WTA + ATAC WTA only 0 0.5 1 15 2

Nuclei WTA only

* WTA (Whole Transcriptome Analysis) quality in multiomics ATAC+WTA assay is comparable to nuclei WTA
standalone assay

* RNA-seq quality is not significantly impacted by ATAC-seq
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Performance metrics—cell input experiments

Standalone experiments with PBMCs:

Target nuclei PCR cycles |Qubit (ng/uL)
500 nuclei 16 4.62
2,500 nuclei 13 3.59
5,000 nuclei 13 5.55
10,000 nuclei 11 3.23
25,000 nuclei 11 6.68

500 nuclei 2,500 nuclei
§o.75 %;f

& 8D

BD Rhapsody™ ATAC-Seq Assays - Data Deck

16405

o5 _shes_in_peaks

hactan,

450

400+

350

300+

250

200+

1504

100+

504

2,500 nuclei
5,000 nuclei

10,000 nuclei

5,000 nuclei

AT168_10K_37C_ATAC

T
5

T
100

T T
150 200

T
300

T
400

T T
500 600

T
1000

10,000 nuclei

AT169_20K_37C_ATAC

T
2000

April 2024

e

.....

e
agmants. pee cull skl

For Research Use Only. Not for use in diagnostic or therapeutic procedures.

i
Hiagmonts pee cailsben

T
10380

[bp]

AT169 ivative-merge-DS-50k

100 < -

s
=1
o

fraction_Tn5_sites_in_peaks
>
3

e
fragments per cell label

36



Performance metrics—bead storage

Standalone experiments with PBMCs: Uncompromised assay performance using subsampled beads after
being stored at 4 °C for 4 months.

Standalone ATAC-Seq Multiomic ATAC-Seq

Day 0, library prep

BD

ggﬁ‘g:pdtﬁ:; Sequencing AT196-AM-SA-ATAC-DS0-78_VS_AT196-AM-SA-ATAC-4month-DS0-95 AT196-AM-MO-ATAC-WTA-DS0-71_VS_AT196-AM-MO-ATAC-4month
Bead 50 1 pearsonr: 0.95 ] pearsonr: 0.95
\\ spearmanr: 0.92 spearmanr: 0.92
40 4 40 4
4 °C storage, 4 months o) o)
o o
=>» 8 30 8 30
wn [Va]
Sequencing c -
Library prep € Ll 'g 204
O
£ E
Performance of 4-month subsamples compared < L, ~ 104
to Day O subsamples
120%
102% 101% 103% 98%
100% 0, i . . . . 01 . . . T T
20% ] 10 720 B 7777307” - 40 50 0 10 20 30 40 50
oo Fresh beads Fresh beads
40%
20%
0%
S menth Mo month Standalone Standalone Multiomic Multiomic
W Sensitivity (unique ATAC fragments/cell) m Specificity (FRIP score) Day 0 4-month Day 0 4-month
Median proper read pairs per putative cells 20,871 21,390 20,057 21,232
Median nonduplicate fragments per putative cells 18,275 18,573 16,979 17,492
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Performance metrics—mouse NIH3T3 cell line

Multiomic ATAC-Seq experiments with mouse NIH3T3 cell line: NIH3T3 3.3K NIH3T3 33K -> 1/5 subsample seq
Metric NIH3T3 3300 '1"/'::’;:’“3;?1%23 >
Percent input reads assigned cell label 96.97 96.97 gm é“"
Percent clean reads assigned cell label 98.52 98.44 : ~
Percent cell-labeled reads aligned confidently 91.2 90.87| - e
Percent mitochondrial reads 4.15 4.85
Fraction of nonduplicate fragments with NFR lengths 76.28 76.16 v . o e % - - -
Fraction of nonduplicate fragments with mono-nucleosomal lengths 16.98 16.99 I reamenisperestiaee
%NFR + monosome 93.26 93.15
Total number of putative cells 2873 3115 L
Fraction of nonduplicate fragments associated with putative cells 72.8 73.3 WTA sen5|t|V|ty
Fraction of Tn5 transposase sites in Peak regions from putative cells 70.35 71.04 5000
TSS enrichment (peak value) 23.57 25.24 4000
Total raw read pairs 83672108 112606404 3000
Average raw read pairs per putative cell 29123.6 36149.73 2000 | |
Median proper read pairs per putative cell 17638 21082
Median nonduplicate fragments per putative cell 14205 17445 1000 | | l
Percent duplicate fragments 19.23 17.22 0

Mean reads/cell Median genes/cell Median mol/cell

NIH3T3 3300 ATAC-MO NIH3T3 33000 ATACseq MO  m NIH3T3 snRNAseq
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Performance metrics—mouse frozen kidney cells

Multiomic ATAC-Seq experiments with mouse frozen kidney cells:

Cell Label Numbers

FRIP

& BD
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—— Non cells — Cells

WTA Sequencing quality and library quality
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120 3 2.81
100 5768 95.37 92.94 25
20 75.15 5 199
. M“PE\ 60 15
‘é,-; 0 B 0.67
20 0.5 . 015
L] LI T L o 0 —
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WTA sensitivity
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2000
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0 I -
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- Cell per Cell Bioproducts per
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i
P Value
1 10t 10? 10% 10* 1 107 10¢ . . .
Counts (Tn5 cutsites in peaks) Cell Label Numbers Medlan proper read palrs per pUtat|Ve Ce”S 51’018
Median nonduplicate fragments per putative cells 10,830
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April 2024
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Chapter IV:
Downstream analysis




Downstream analysis—sample dataset

« Comprehensive picture of cellular identities with the BD
Rhapsody™ Single-Cell Multiomic ATAC-Seq Assay:

Cell-type annotation using the data from a BD
Rhapsody™ Single-Cell Multiomic ATAC-Seq Assay.
Representative data from BD Rhapsody™ Single-Cell
Multiomic ATAC-Seq and WTA Assays, where 2,190
nuclei from human PBMCs were analyzed, followed by a
joint WTA and ATAC-seq dimensionality reduction
performed using Uniform Manifold Approximation and
Projection (UMAP) and cell type annotation using the
WTA data from a PBMC reference atlas.
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Downstream analysis—sample dataset

« Enrichment of cell type-specific transcription
factor motifs in PBMCs:

- 1.0

SPIB - 0.8 1 b 0.06 0.05 0 0.08
PUT - 1 L 0.09 0.12 014
Cell types and their specific motifs revealed using FLF e 1 032 04> - 0.8
the BD Rhapsody™ Single-Cell Multiomic ATAC- RFET 7 R e °
. . PULl-IRF8 - 1 0.13 0.11 0.08
Seq Assay. A heat map showing normalized cesr JEEE 018 012 0.07
enrichment scores of cell type—specific transcription NFIL3 -JOER 0 014 005

factor motifs in PBMCs. Motif scores were calculated ACLLE 0.14 043 0.08 0.64 0.68
using a binomial distribution, determining the e— O 06 oo

: _ .. _ IB'S® 0.17 0.06 003 0 0.06 = 0.47
relative enrichment of each motif in differentially

) ) ] lIsarE 0.09 0 0.08 0.11 1 0.9
accessible regions of a given cell type compared to =il 034 034 02 0.39 Bk TR
GC-matched background regions. The scores were G 0 013 002 004 0 0.0l 1
scale, where O indicates least enrichment and 1 “ g gLt @23 83 5 8
. . . . 5 G0 @g ©
indicates highest enrichment of each motif. e 8o 82 5 ¢ ¢ T o2

8 g g8 5 E z E ¢
S ® = = o T
= =z = =
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Downstream analysis—sample dataset

* Multiomic epigenomic and transcriptomic data illuminate how epigenetic regulatory landscapes drive
the transcriptional programs specifying distinct cell types within PBMCs:

= 8§ g & 2 8 5 3
,,,,,,,,, w 2 o i < > . N
signal signal signal ized signal Normalized signal Normalized signal Normalized signal Normalized signal
( ) ( -10) ( - 48) ( 29) ( ) ( ) ( ) ( )
| Other — —
Other |
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) | | | 1 A | N
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Dendritic
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_ - A i ald - A
| | CD8 T+— — b;ow_ I
cD8 T
] h co4T -
co4T | ‘J\ . . _ /
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1.2 2 15
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15 2 15

1.5 2
Expression Level

Comparison between single-cell ATAC-seq and WTA data with PBMCs. A) Read density across each ATAC-seq cluster at
the transcription start sites of cell type marker genes. B) Violin plots showing cell type-specific gene expression in WTA data.
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Downstream analysis—sample dataset

» Cell type-specific correlation of ATAC-seq gene activity Other -

and gene expression values:

Dendritic -

Concordance between gene expression
and inferred gene activity score. A
heatmap showing Pearson’s correlation
coefficients between ATAC-seq gene
activity scores and gene expression values
in PBMCs, with each row representing a cell
type in WTA data and each column a cell o8 T
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