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Extended Data Fig.

a.

sample.

Naive CD8+ T cells fooo0o0 0000

1 | Single-nucleus analysis quality control and cell
type annotation for COVID-19 vaccine PBMC

Violin plots of transcription start site (TSS) enrichments for all snATAC cells from each



Fragment lengths indicating nucleosomal periodicity in aggregated single-nucleus
profiles from 10x snATAC-seq based samples.

The enrichments of normalized Tn5 transposase insertions around the transcription start
sites (TSSs) of 10x snATAC-seq based samples.

Hierarchical clustering visualization of the output from light HIPPO analysis.

Dot plots of gene expression for populations shown in Fig. 1a where the color is scaled
by mean expression and the dot size is proportional to the percent of the population
expressing the gene.

Dot plots of gene expression for populations shown in S1.d where the color is scaled by
mean expression and the dot size is proportional to the percent of the population
expressing the gene.

Tile plot showing the percentage concordance between COVID-19 PBMC annotation
(x-axis) and Azimuth reference-based annotation tool (y-axis)
(https://satijalab.org/azimuth/).


https://satijalab.org/azimuth/
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Extended Data Fig. 2 | Expanded view of matched snRNA-seq and
snATAC-seq for 42 samples

UMAP visualizations where dots correspond to individual nuclei for nuclei profiled with
snRNA-seq (left column), snATAC-seq (middle column), and integrated (right column),
colored by sample, annotation, timepoints, and participants.
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Extended Data Fig. 3 | Cell types display distinct gene regulatory

processes

a. Line chart of the proportion of cell types, separated by time points and participants.

b. Number of peaks in each cell type. Peaks were annotated into distal, exonic, intronic and
promoter.

c¢. Heatmap of PBMC cell-type marker genes (n = 5,121) across each cell type calculated
from snRNA-seq gene expression. each row represents a unique marker gene. The color
represents the normalized gene score of the marker genes in cell types.

d. Heatmap reflecting PBMC cell-type marker peaks that highlight CREs specific to only

one or very limited cell types. each column represents an individual marker peak. The
color represents the normalized marker peak accessibility in cell types.
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Extended Data Fig. 4 | Co-expression patterns across timepoints

a.

Kyoto (KEGG) enrichment analysis for all gene sets derived from the co-expression
analysis in each cell type. The values on the x-axis indicate the p adjust value
(p-adjust-value of <= 0.001). Solid circles indicate that the fold enrichment
ratio>=2/3.The numerator is the number of genes enriched on this GO entry,the
denominator is the number of all entered genes for enrichment analysis.

Mashr estimates weight in NK cells for both the canonical matrix and the data-driven
matrix, capturing the proportion of each effect pattern(left). Identity represents the
independent effect across all conditions; Dayn indicates Dayn specific effects;

equal effects represent patterns that are equal in all conditions. Heatmap of the
covariance matrix corresponding to the dominant mixture component identified by
mash(right).

Mashr estimates weight in intermediate B cells for both the canonical matrix and the
data-driven matrix(right). Heatmap of the covariance matrix corresponding to the
dominant mixture component identified by mash(left).

Mashr estimates weight in MAIT, memory B, CD8" naive T and CD8* Tem.



canonical covariance matrices

CD4+ Tem naive B Treg
0.4
0.4
0.3
03 03
0.2
0.2 0.2
0.1
0.1 0.1
0.0 0.0 0.0 -

oS CD14+ mono 08 CD16+ mono 025 CD4+ naive T
0.20
04
0.4
0.3l 0.15
0.2 0.10
0.2
0.1 0.05
L SO0 0 F & ob@a'eb babaﬁu.oo
6\3,5;.,3 W ‘b RS & PO DD L DD » SDD D
ESIEVRVST N O 0 0“6\6\6\ -a -\~\-\ PP « SE A NN O S
N NS ‘,\., S0 P S A i’\i“t\:}"" o FEP gl or o Sl @
P§ 2 1,3 8 rﬁg\:]@\‘*«g\"
b Number of interactions on tne day 0 Number of interactions on the dayé
" ¥ Naive B
Naive CD4+ T cells Najve B NK/NKT Naive CD4+ T cells
Memory B MemcryB A
4
/'.\‘-7/ 4 A\ CD4+ Tem
Naive CD8+ T cell Naive cabi ‘E«{:e.h
‘_'/)%’CD& Tem M 3+, Tem
CD14+ M s
/' Plasmacytoid DC macytoid DC
Intermediate B &
MAIT
Treg
CD16+ Mono Tred  cpy6+ Mono
Qutgoing signaling patterns Incoming signaling patterns
0.02
1 i R
e __ _= =
col =] =
et [ ———— — __
ALGAM — _ = s
= =
- I = - = c Naive B_2
Pgé‘ % = = % l1 Memory B
VIP1I§TIN — .E — E © mlgrmgdwgle B
= 2 = aive
= | -- —
SS {%E = = L1 : B 0§ 0 | NaveBt
5 — =_= & Plasmacytoid DC
I
SEMA7 |
BILA m— —=E _E
o o

So

Extended Data Fig. 5 | Shared and specific effects across timepoints

a. Mashr estimates wight in different cell types.

b. The number of ligand-receptor interactions going between the different cell types
to, analyzed by CellChat.

c. Heatmap shows the relative strength of each signal pathway network for each

cluster with both incoming and outgoing signaling patterns.



VIR [

|
I

mﬁelold dendrl ccell

lammasome receptors and signal

growth factor induced,

ceII cycle and growth arrest
APK signaling

suppression of

enriched in monocytes (I11) i
SF receptors networl
ctor netwo k (M2
in T cells (I) (M3!

1scription fa
in B cells

ive B cell surface SI n

enriched in NK cells (I
latelet activ:
cell differenti:

CD28 costimulatior
TLR8-BAFF nef

enriched in myel
nucleotide metaboli

plasma cells & B cells

ctlva on vra NFkB

B :) (M43.1)
enriched in nugear receptor subfamily 4 (M94
(M31 &56)

%nogocyle) (M23)

(M73

(M: 4
ature ;ss)

Se(} ()DA T cells (M4.5)

eloid cells a1nd monocytes (M81)

ism
ourlnenucleotd blosynthesrs(M 2)

mmunoglobulins (M156.0)

!

[}
¥

III!IHIII[

|

W | 5 ALY T AT

L l ‘re lratotxelectr

riche

Monocyte surface sig
enriched in neutrophils
enriched in activated

glycerophosphollt)ld metabollsm (

Igi memb

B 'cell'd;v'elopmenr)ac\watlon éM58)

nature

de(n)d(r’\égce sSI ) (M165) Mmonocytes

14.1) regulation

Iood coagulation M11 J
anthen presentatron (lipids and proteins) (M28)
d cell enriched reoeptors and trans;aoners (M4.3)
su
rins and cell

- i

enriched in neutrophlls (IJ( 16

egulation of signal transduction

enriched for SMAD2/3 signaling J

regulation of antigen presentation an lmmune response (M5.0)

immune activation - generic cluster (M3

enriched in monocytes (IV) %118 .0)

ceII cycle and transcription
TLR and inflammatory signalin: 16)

transmembrane transport (I

enriched in activated dendritic cells/monocytes (M64)

formyl peptide receptor mecuated neurrophll response (M11.2)

lysosomal/endosomal protein:

extracellular matrix, oomplement (M

transcnf)tron regul in cell development (M49)

lular matri 415
4. 1(3))( )

enriched in monoc
Knﬁ%u]?rt chain (mitochondrion) (M219)

cell junction (GO)
cel aﬁhdeslo_F( ” 1!\/}77
in T cel
ceﬁl gc‘tlvalrc?n ﬁl hSl

d Nt
pulahve targets of ( )
| enriched in acrlvated dendrmc cells (1) (M119)
cell activation (IL15, IL23, TNF) (M:
FKB (1) (M43.0)

dendritic cell activation via Innate immunity

I m elord

ce signature (

collagen, TGFB famil
enricl ed in naive an

surfa
I\w ll ennohed in antigen presentatron
TLR7-TLR8 cluster (M146,
complemem and other receptors in DCs (M40)
et al (M77)

SI) (M71)

and adaptive
immunity interact

lymphocyte generic cluster

memo'\X B cells (M83)

I

1

transcrlp ional targets of glucocomcor?vl r;ce)pror (M74)

antigen processing and presentation
receptors cell mlgrallon M109)

ed in B
chemoklnes and receptors (M38)
chemokines and |nf|amma(o molecu[es in m¥elold cells (M86.0)
innate activation by cytosolic NA sensin
proinflammatory den ritic cell, myeloid cell res onse (M86.1)
immuregulation - monocytes, T and B cells (M57)
chemokine cluster (1) (M27. 0)
Ran mediated mitosis (M15
enriched in cell cycle (M167)
Resting dendritic cell surface signature (S10)

5 &
&« A« SRS " sl
¥ SIS
s Q 5 % X
ec? o° & < Q@‘ R GSVA score
& L
- 0.5

0
-0.5

B
Extended Data Fig. 6 | Significant gene functional enrichment shared by

the time points considered in all cell types
Heatmap showed differential pathways enriched in celltype according to GSVA score.

10



Frequency
4000 8000

0

d

3

®» I > o

[N
S ©

MRS

]

NN
& RaN

[N

IS

o

~ o

®

©

2 R

Histogram of peak-to—gene correlations b

0.5

T T
07 0.8

Correlation

o |
=3

M Intermediate B | CD8+ Tem
I CD16+ Mono | Naive B
nm minm

3

immune response-regulating
signaling pathway

activation of immune response

response to molecule of
bacterial origin

leukocyte mediated immunity
response to lipopolysaccharide

immune response-regulating cell
surface receptor signaling pathway

immune response—-activating
signal transduction

immune response-activating cell
surface receptor signaling pathway

phagocytosis

myeloid leukocyte activation
cellular response to biotic stimulus
B cell activation

cellular response to molecule
of bacterial origin

cellular response to lipopolysaccharide
nitric oxide metabolic process

®

S Distribution of peaks per gene c
0 o
o ]
3 30
59 c ™
2o 9]
T 0 =]
o g
(]
P frg <]
o (=3
o (2}
wn
o T =)
) 40 60

0.9
Number of peaks per gene

I Naive CD8+ T cells
| Memory B

[ Treg [l CD14+ Mono

~

IS

o

~ o

©

10
1
12

3

]
8-
[l T & S
W W T
i PE=agy g ]
| W
I RS | TR
e

2 o

o

ATAC Z-Scores RNA Z-Scores ATAC Z-Scores RNA Z-Scores ATAC Z-Scores RNA Z-Scores
41537 P2GLinks 41537 P2GLinks 43235 P2GLinks 43235 P2GLinks 42988 P2GLinks 42988 P2GLinks
[ e N ] - O O e
-2 2 =2 2 -2 2 -2 2 -2 2 -2 2

Count Number

log10(P.adjust)

2 N0 000,
owowo

10 12 14 16
Gene Count

Distribution of gene per peaks

2 4 6 8

Number of gene per peaks

W VAT NK/NKT

[7/CD4+ Tem |l Naive CD4+ T cells [ Plasmacytoid DC
B N M h N

5 3

2

e
Ll s o
9
JIR
Il Bl
I
I
ATAC Z-Scores

X

R

25

RNA Z-Scores
62267 P2GLinks

2

62267 P2GLinks

Nl

N
N

Extended Data Fig. 7 | Peak-to-gene links identified in the each
participants
Histogram showing frequency of peak-to-gene correlations. We retained only
peak-to-gene pairs with correlations greater than 0.45
Histogram showing the distribution of number of genes per distal peak.
Histogram showing the distribution of number of distal peaks per gene.

a.

b.
c.
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d. Row-scaled heatmaps of statistically significant distal peak-to-gene links in
P1-P4, respectively. Each row represents the expression of a gene (right)
correlated to the accessibility of a distal peak (left). The heatmaps represent
peak-to-gene analyses using only cells from the indicated participant.

e. GO enrichment analysis of the 42 genes obtained in figure 3c.
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Extended Data Fig. 8 | Regulational network for chromatin remodeling in
myeloid sub-celltype

a.

Dot plots of gene expression for myeloid sub-celltype where the color is scaled by mean

expression and the dot size is proportional to the percent of the population expressing the

gene.

Line chart of the cell proportion of six myeloid sub-celltype in four participants across 10

timepoints (P2 individual has 12 timepoints). Red dots indicate the geometric mean of
the proportion of celltypes across the four participants at a time point.

C.

target regions and these to their target genes) on a color scale and cell type
specificity (RSS) of the eRegulon on a size scale.

Heatmap-dotplot showing TF expression of the eRegulon (TFs are linked to their



Visualization of eGRN formed by SPIB, RUNX1, IRF4 and FOSL2 TF target nodes are
restricted to highly variable genes and regions.

Line graph showing the difference in transcription factor (TF) accessibility during
vaccination. Each line represents a TF.
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Extended Data Fig. 9 | Gene transcription patterns of CD14* monocytes

sub-celltypes. The color represents the normalized motif enrichment score calculated in

a. UMAP displaying inflammatory scores per cell.

b. Heatmap of transcription factor motifs enriched in marker peak of six myeloid
ArchR using HOMER with the hypergeometric test.

c. Heatmaps of gene expressions as a function of latent time. Color represents smoothed
spliced counts.

d.

closing begins after transcriptional repression.
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GO enrichment results based on genes whose transcription mode was chromatin



