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Figure S1. Overview of the analysis pipeline. Related to Figure 1 and STAR Methods.
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Figure S2. UMAP showing the batch effects before and after harmony integration from each scRNA-seq 
and scATAC-seq library. Related to STAR Methods.
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Figure S3. Marker genes and cell type annotation in scRNA-seq and scATAC-seq, related to Figure 1.
A. UMAP visualization showing the identified cell clusters from scRNA-seq, 165,054 cells from 64 samples (N
= 37 hospitalized, N = 27 convalescent individuals). B. Expression of cell type markers in scRNA-seq clusters. C.
UMAP visualization showing the identified cell clusters from scATAC-seq, 46,690 cells across 49 samples (N =
25 hospitalized, N = 24 convalescent individuals), 28 individuals shared between scRNA-seq and scATAC-seq
profiling. D. Visualization of imputed marker gene activity scores in scATAC-seq clusters. E. UMAP showing
the cell distribution between severe and mild patients in scRNA-seq. F. UMAP showing the cell distribution
between severe and mild patients in scATAC-seq.
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Figure S4. Severity-associated signatures in PBMC clusters, related to Figure 1.
A. Box plots showing the cell proportion of each cell type across severe, mild, and convalescent
patients. B. Bar plots showing the number of significant differential expression genes (DEGs)
identified in each cell type. DE analysis was performed to compare hospitalized vs convalescent
individuals via Wilcoxon ranked-sum test. C. Pathway enrichments of the DEGs identified.
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Figure S5. Chromatin accessibility signatures of PBMC clusters in COVID-19 patients, related to Figure 2.
A. Bar plots showing the number of regulatory elements in the open chromatin region (OCR) identified in
each cell type. These were further classified into ‘distal’, ‘extronic’, ‘intronic’ and ‘promoter’ groups based on
genome annotation. B. Barplots showing the overlap of significant differential expression genes (DEGs) and
nominal differential accessible peaks (DAP) with shared or opposite regulation direction in hospitalized
COVID-19 patients compared with convalescent patients. C. Heatmap showing the expression correlation of
LUCAT1, IFI30 and transcriptional factor (TF) genes in classical monocytes of convalescent patients.
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Figure S6. Violin plots showing the AUCell-based gene signature scores for each sub-clusters, related to Figure 
3. 
A, AUC scores from monocytes populations in PBMC (Schulte-Schrepping4); B, AUC scores from
monocytes/macrophages (Mono/Mφ) and profibrotic pulmonary macrophages (CD163/LGMN-Mφ) in
bronchoalveolar lavage (BAL) fluid (Wendisch26).
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Figure S7. Cross-platform linkage across monocyte sub-clusters identified in scATAC-seq and scRNA-seq, related to 
Figure 3. 
A. Heatmap showing the imputed activity scores of top-20 marker genes identified in monocytes sub-clusters of 
scATAC-seq. B. Dot plot showing the expression of top-10 marker genes identified in monocytes sub-clusters of 
scRNA-seq. C. Pie chart showing the percentage of matched cells in each scATAC-seq sub-clusters aligning to each 
scRNA-seq sub-clusters. D. UMAP showing the distribution of matched identities of cells in scATAC-seq datasets. 
Cells with a predicted linkage score < 0.6 were regarded as not matched cells and are colored as gray. 
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Figure S8. Cell distribution and gene ranks in monocyte subclusters, related to Figure 3. 
A. UMAPs showing the distribution of monocytes subclusters across severe, mild and convalescent patients 
from the scRNA-seq (top row) and scATAC-seq (bottom row), respectively. B. Gene expressed percentage 
of cells from hospitalized COVID-19 patients in R4 clusters. TF genes are marked in RED.
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chr3:46384049−46384549|no_motif
chr3:46393461−46393961|AHRR_17
chr3:46395246−46395746|no_motif
chr3:46441946−46442446|BARX1_468
chr3:46442544−46443044|ZNF263_159
chr3:46461978−46462478|no_motif
chr6:41533296−41533796|BCL11A_194
chr9:133275890−133276390|TOPORS_814
chr9:133278622−133279122|no_motif
chr12:112926384−112926884|HOXA13_418
chr12:112936797−112937297|no_motif
chr12:112937724−112938224|TCF21_39
chr12:112938243−112938743|no_motif
chr12:112939881−112940381|HOXB9_529
chr12:112980711−112981211|no_motif
chr12:132563862−132564362|no_motif
chr17:45716039−45716539|GLI3_182
chr17:45744796−45745296|no_motif
chr17:45826118−45826618|ZFX_158
chr17:45852626−45853126|no_motif
chr17:45873615−45874115|no_motif
chr17:45894147−45894647|RREB1_200
chr17:45895538−45896038|HAND1_33
chr17:45948983−45949483|no_motif
chr17:45975175−45975675|no_motif
chr17:45996134−45996634|TEAD1_796
chr17:45998994−45999494|no_motif
chr17:46002463−46002963|TFAP2B_1
chr17:46012151−46012651|ZNF263_159
chr17:46025082−46025582|TEAD3_795
chr17:46025743−46026243|ZNF75A_219
chr17:46026572−46027072|no_motif
chr17:46028907−46029407|SOX8_746
chr17:46035035−46035535|no_motif
chr17:46044248−46044748|no_motif
chr17:46059546−46060046|PATZ1_172
chr17:46061400−46061900|no_motif
chr17:46115600−46116100|GFI1_220
chr17:46121072−46121572|NR3C1_666
chr17:46122412−46122912|no_motif
chr17:46136127−46136627|FOXF1_351
chr17:46137688−46138188|no_motif
chr17:46139339−46139839|no_motif
chr17:46144129−46144629|ZBTB12_280
chr17:46145646−46146146|MEIS2_471
chr17:46147167−46147667|no_motif
chr17:46152405−46152905|AC2261502_577
chr17:46153696−46154196|HOXC6_561
chr17:46155652−46156152|HIC2_236
chr17:46163233−46163733|NR1I3_680
chr17:46171873−46172373|no_motif
chr17:46179303−46179803|no_motif
chr17:46192597−46193097|HIVEP1_170
chr17:46193274−46193774|no_motif
chr17:46193868−46194368|MZF1_171
chr17:46194521−46195021|NFATC3_713
chr17:46215375−46215875|RARB_659
chr17:46225183−46225683|SMAD2_745
chr17:46266044−46266544|no_motif
chr17:46266683−46267183|MAZ_178
chr17:46267227−46267727|no_motif
chr17:46268170−46268670|PITX2_504
chr17:46765487−46765987|TCF12_56
chr17:46782167−46782667|no_motif
chr17:49862942−49863442|GABPA_338
chr19:4724434−4724934|no_motif
chr19:50369137−50369637|no_motif
chr19:50377140−50377640|no_motif
chr21:33216669−33217169|POU5F1_621
chr21:33227844−33228344|no_motif
chr21:33229649−33230149|no_motif
chr21:33230444−33230944|ZIC3_215
chr21:33231806−33232306|TFAP2C_3
chr21:33234890−33235390|NKX31_517
chr21:33241779−33242279|no_motif
chr21:33244004−33244504|BBX_753
chr21:33249315−33249815|no_motif
chr21:33259930−33260430|no_motif
chr21:33261555−33262055|ZNF76_164
chr21:33940121−33940621|no_motif
chr21:33985299−33985799|MAZ_178
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Figure S9. Full heatmap showing chromatin accessibility of peaks detected with hospitalized 
COVID-19 risk variants, related to Figure 4B. TF motifs that bind to peaks are indicated on the row 
names.
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Figure S10. Supplementary information of ASoC analysis, Related to Figure 5. 
A. Ratio of reference allele of each heterozygous SNPs used in the ASoC analysis. B. Number of 
identified ASoC SNPs in each cell type from hospitalized COVID-19 patients. C. Number of identified 
ASoC SNPs in each cell type from convalescent COVID-19 participants. D. Enrichment of ASoC
SNPs that were located in open chromatin regions identified in our scATAC-seq analysis. E. 
Enrichment of ASoC SNPs that were located in promoter, enhancer and TFBS per cell type per 
condition. F. Enrichment of ASoC SNPs that were assigned to genes by eQTL analysis from 
eQTLGen consortium. G. QQ plot showing COVID-19 GWAS P-values (“Hospitalized covid vs. 
population”, release 6) of ASoC SNPs per cell type per condition. H. Volcano plot showing the 
differentially expressed genes between individuals carrying risk alleles (CC) and non-risk allele (TT). I. 
Allele-specific read counts at rs7255545 per cell type per condition. J. Data integration illustrated a 
potential regulatory program showing the effect of rs7255545 in COVID-19. K. Schematic plot 
showing the potential epigenetic and genetic regulating program at DPP9 locus under COVID-19 
scenario.

G

A B
Hospitalized

I

K

E

H

C
Convalescent

F

D


