Supplemental information

Supplementary Fig. S1 Clonal diversity of samples

The clone diversity was displayed via the TCR diversity, percentage of each sample’s
clone diversity = (TCR classification count / total cell number) * 100%. Doughnuts (a)
and column (b) showed the T-cell expanded clone and clonal diversity percentage of
the representative sample from each group. The colored wedge represents the
percentage of not expanded (white/grey), clonal expanded 2 to 4 times (orange), 5 to 9
times (blue), 10 to 49 times (green), 50 to 99 (purple), or more than 100 times (red) in
total TCRs in the pool. DC, Discharged group; EFU, Early Follow-up group; LFU, Late

Follow-up group; HD, Healthy Donor group.

Supplementary Fig. S2 V-J gene pairing

Alpha chains V-J pairing of TCRs from representative samples of the HD group (HD#3)
(a), the Discharged group (Discharged#2) (b) and the Follow-up group (Follow-up#3)
(¢). Beta chains V-J pairing of TCRs from representative samples of the HD group
(HD#3) (upper panel), the Discharged group (Discharged#2) (middle panel) and the

Follow-up group (Follow-up#3) (down panel).

Supplementary Fig. S3 Batch effect correction of scRNA-seq data



The merged scRNA-seq data of samples without batch effect (a) and with batch effect
via “FindIntergrationAnchors” and “IntegrateData” functions of Seurat package
(V3.6.0) (b) (n = 6 in Discharged and HD groups, n = 7 in Follow-up group). DC,

Discharged group; FU, Follow-up group; HD, Healthy Donor group.

Supplementary Fig. S4 CD3E, CD4 and CD8A expression in total TCR paired

scRNA-seq data

The expression of CD3E, CD4 and CD8A in total TCR paired scRNA-seq integrated
data was displayed by violin plot (a) and feature plot (b) (n = 6 in Discharged and HD
groups, n = 7 in Follow-up group). Teff, effector T; Tex, exhausted T, Tcm, central

memory T; Tem, effector memory T; Tm, memory T, Tn, naive T; Treg, regulatory T.

Supplementary Fig. S5 Top 20 clones’ projection in total TCR paired scRNA-seq

data

UMAP showing the top 20 clones’ distribution in clusters (left panel) and clusters’
distribution (right panel). Teff, effector T; Tex, exhausted T, Tcm, central memory T;

Tem, effector memory T; Tm, memory T, Tn, naive T; Treg, regulatory T.

Supplementary Fig. S6 Gene expression in each cluster of total TCR paired

scRNA-seq data



Bubble plot showing the expression level of marker genes in the clusters. The clusters
were identified with expressed genes: 0: CD4'CCR7'LEFI" naive T
(SELL*CCR7'LEFI"TCF"); 1: CD4*CCR7" naive T (SELL*CCR7'LEFI*TCF"); 2:
CD8A*GZMH" cytotoxic effector T (SELL-CCR7- GZMA*GZMB" PRF I"GZMH"); 3:
CD8A" exhausted T (SELL"CCR7 GZMA*GZMK" GZMB); 4. CDS8A*JUN'LEFI1*
naive T (SELL*CCR7"LEFI*TCF7"JUN"); 5: CD84"GZMK" effector memory T
(SELL-CCR7-GZMK"); 6: CD8A'*GNLY" cytotoxic effector T (SELL'CCR7-
GZMA*GZMB"PRFI"GZMH*GNLY"); 7: CD4'IL7R" effector T (SELL CCR7
IL7R"); 8: CD4*ANXAI" effector T (SELL-CCR7 JUNB'EMP3"ANXAI"); 9: CD4*
Treg  (FOXP3"ILIORA™); 10: CD8A'KLRBI"CXCR4"  effector-exhausted
intermediated T (GZMA"*GZMB GZMK*PRFI”KLRBI"CXCR4"), 11:
CD4*CDC25B"JUNB* memory T  (SELL"CCR7°CDC25B"JUNB");, 12:
CD4*GZMH" effector (SELL-CCR7-GZMH"); 13: CD4'S100A8"S10049" Th22
(AHR*S100A48"S10049"); 14: CD8ALEFI% naive T (SELL°CCR7°LEFI1"°TCF7");
15: CD8A* proliferative T subset (CSK2*LIGITMKI67 " MCM2*MCM3*STMNI"
PDCDI*TOX°HAVCR2”LAG3"); 16: CD84*CXCR5* central memory T

(SELL”CCR7°CXCRS5").

Supplementary Fig. S7 CD3E, CD4 and CD8A expression in the top 20 TCRs

paired scRNA-seq data



The expression of CD3E, CD4 and CDS84 in the top 20 TCR clonotypes paired scRNA-
seq integrated data was displayed by violin plot (a) and feature plot (b) (n = 6 in
Discharged and HD groups, n =7 in Follow-up group). Teff, effector T; Tex, exhausted
T, Tem, central memory T; Tem, effector memory T; Tm, memory T, Tn, naive T; Treg,

regulatory T.

Supplementary Fig. S8 Samples distribution in the top 20 TCRs paired scRNA-

seq data

(a) UMAP showing the samples’ distribution in clusters. (b) Bar plot showing the
compositions of each cluster in three groups. Teff, effector T; Tex, exhausted T, Tcm,
central memory T; Tem, effector memory T; Tm, memory T, Tn, naive T; Treg,

regulatory T; DC, Discharged group; FU, Follow-up group; HD, Healthy Donor group.

Supplementary Fig. S9 Gene expression in each cluster of the top 20 TCRs paired

scRNA-seq data

Bubble plot showing the expression level of marker genes in the clusters. The clusters
were annotated with the expressed genes: 0: CD84* cytotoxic effector T
(GZMB*PRFIY); 1: CD8A*GZMB"PRFI" cytotoxic effector T (SELL CCR7-
GZMBP"PRFI"); 2: CD8A"GZMB"PRFI" cytotoxic effector T (GZMB"PRFI"); 3:
CD8A4"GZMA™GZMB"PRF 1" cytotoxic effector T (SELLCCR7

GZMA™GZMB"PRFI");, 4: CD4'KLRBI*GZMH' effector T (SELL CCR7



KLRBI*GZMH"); 5: CD8A*GZMA"* GZMK?" effector T (SELL- CCR7-GZMA" GZMK");
6: CD8A"GZMK" effector memory T (SELL°CCR7°GZMK™); 7: CD8A*KLRBI"
CXCR4" terminal differentiation T (ID2"PRDMI*IL7R"KLRBI"CXCR4"); 8:
CD8A*CD7*GZMA" GZMB"PRF I" effector-exhaustion intermediate T
(HAVCR2'LAG3"°CD7*GZMA*GZMB" PRFI"); 9: degranulation T
(JUND"S10048"S10049%); 10: CD8A*CXCR5" central memory T (SELL*CCR7-
JUN*CXCR5"); 11: CD8A*GZMB™PRFI1™ cytotoxic effector T (SELL°CCR7
GZMB™PRFI™); 12: CD8A*CD160" effector T (SELL-CCR7- CD160"); 13: CD8A*
high cytotoxic potential effector T (SELL-CCR7 PRFI"ITGAM™); 14: CD8A" terminal
proliferative T (CSK2*'LIGI"MKI67 MCM2*MCM3*STMNI"); 15: CD4* exhausted
T (SELL-CCR7-PDCDI1*TOX"PRDM1*GZMA"GZMK"); 16: CD4"IFITM2" effector

T (SELL CCR7-IFITM1*IFITM2").

Supplementary Fig. S10 Gene concept network analysis of differentially expressed
genes of CD3E*CD8A*CD4 clusters in top 20 TCRs paired scRNA-seq data from

Discharged group vs. HD group group

The bubble plot of selected granzyme- and interferon — related genes’ expression level
in of CD3E*CD8A*CD4" clusters in top 20 clonotypes from Discharged group vs. HD

group (n = 6 per group).



Supplementary Fig. S11 Biological process and GSEA analysis for total

CD3E*CD8A*CD4- clusters from Discharged group vs. HD group

(a) Using GSEA to analyze expressed genes from CD3E"CD8A4*CD4 clusters, 2 gene
sets of interferon response up-regulated in Discharged group comparing with HD group
(n =6 per group). NES, normalized ES; FDR, false discovery rate; NOM p, normalized
p value. (b) Top 20 BP enrichment analysis of DEGs from CD3E*CD8A*CD4 clusters,
which up-regulated in Discharged group from Discharged vs. HD integrated data (n =

6 per group).

Supplementary Fig. S12 GSEA analysis for total CD3E*CD8A4*CD4 clusters from

Follow-up group vs. HD group

Using GSEA to analyze expressed genes from CD3E"CD8A"CD4 clusters, 3 gene sets
about metabolism up-regulated in total Follow-up group from total Follow-up vs. HD
(n = 6 in HD group, n = 7 in Follow-up group). NES, normalized ES; FDR, false

discovery rate; NOM p, normalized p value.

Supplementary Fig. S13 GSEA analysis for top 20 TCRs CD3E*CD8A*CD4-

clusters from Early Follow-up group vs. HD group



Top 20 BP enrichment analysis of DEGs from CD3E*CD8A*CD4 clusters, which up
regulated in Early Follow-up group from Early Follow-up vs. HD integrated data (n =

3 in Early Follow-up groups, n = 6 in HD group).

Supplementary Fig. S14 Transcription factor analysis of CD84*GZKM" effector

memory T cells from Late Follow-up group via IRIS3 from IRIS3 website

Supplementary Table S1. Clinical and Pathological Characteristics of the COVID-

19 Patients and Healthy Donors

Supplementary Table S2. The scRNA-seq / scTCR-seq protocol and data

characteristics in the current study via Cell Ranger analysis

Supplementary Table S3. The scRNA-seq / scTCR-seq protocol and data

characteristics in the current study via Seurat package

Supplementary Table S4. Performed scRNA-seq and paired TCR cell count in

each group



Supplementary Table S5. The unique-clone and multi-clone percentage in each

group



Supplementary Fig. S1
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Supplementary Fig. S2
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Supplementary Fig. S3
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Supplementary Fig. S4
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Supplementary Fig. S5
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Supplementary Fig. S6
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Supplementary Fig. S7
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Supplementary Fig. S8
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Supplementary Fig. S9
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Supplementary Fig. S10

Discharged vs HD (Top20 CD8* T cells)
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Supplementary Fig. S11

Discharged vs HD (Total CD8* T cells)
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Supplementary Fig. S12
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Supplementary Fig. S13

Early Follow-up vs HD (Top20 CD8* T cells)
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Supplementary Fig. S14

Regulon Specificity Score Scatter Plot for
CD8A*GZMK* Tem of Late Follow-up

PATZ1
®

0.334

=

[

]
h

AP2D
®

S

w

=
R

[ J
S KLF12
[ ]

=

w

o
.

STATH >
VEZF1 SP1
[ =

Regulon specificity score

[ ]
ZN770

° PITX2
sP3 - gp2® ¢

S

N

©
"

®
CPEB1

0.281

0.274

5 10 15
Regulon

® significant insignificant p =0.05



‘A1an00a1 819|dwoo ‘Y9 ‘palloniad jou ‘- ‘pioe dl8|oNU ‘YN ‘Juswieal) alojaq ‘| g ‘eAnebau ‘N ‘eAnisod
‘d ‘usbnue ay1ds sniIABUOIOD [9AON ‘Usbiue g ‘ejew ‘| ‘ajewsa) ‘4 ‘dn-mojjo4 1. ‘N4 ‘dnoib dn-mojjo4 Aleg ‘n43 ‘dnoib pebieyosiq ‘Dq ‘dnoub Jouop AyyesH ‘aH

107V 1.Y 1O F1sY 90°20+V 20720V L0:1}.V 20724V 202+ O LhaV FO: 1.V 90:20.V
VIH® -VIH' VIH' -VIH® -VIH' “VIH' “VIH' -VIH' -VIH' “VIH'
LO:LbaY LO:LLaY 90:20.V 90:20.V LO:LLaY €0:205Y 10:20.Y L0 L.V LO:LLLY 90:20.V
VIH -VIH VIHH -VIH -VIH -VIH -VIHH -VIH -VIH -V

€ € € € € € € € € € €
N N N N N N N N N N N

d0 40 40 40 d0 40 40 40 d0 40 40

d d d d d d d d d d d
- - - - (+)d  (d  (+)d - - - N
. - - - (+++)d (+++)d (+++)d - - - (+)d
0€ 6l (014 0€ L L L 0 e 4 0

8l A 14 0c 6l Gl 9l 8l A 143 14

ce 6V 4% G€ ov 144 3] ce 6v A% 4

4 4 N N N 4 N 3 3 N N

0¢

G€

10°92.V
VIH
L0:20.Y
“VIH

€

N

LC

6¢

uabnuy
V-V1H

1z Auanag
aseasiqg
}s3] VN
abueyosiqg
aseasi( jo
awo23nQ

}seL VN 19

6|
-uabnuy
96|
-uabnuy g
awiy
Buijdwesg
leyidsoH
ul sheq

aby

Xag

(90a= (soa= (¥oa=
nd) o9nd) sn4d)
ynd71  €n4d1  zZn4d1

(¥nd) (end) (znd) (1na)

IN47 €n43 znd3 n4g 0229 SO0 ¥da £0d

¢oda

1040

s10uo(q AYI[BOH pue sjudned 6I-AIAOD Y3 JO SANSLIdIEIRY)) [BIIG0[0Y)ed pue [eduI]) S dqeL Arejudwddng



(90a=2n4)

0z°0. szs'E 195'% 00L'S %0°96 1£0'Y $68'S9 pog'L S19'kL 68L°€9€°G9.  [OA+S o
$0'€SE 6e5°c 652'S L' %196 peg'y £59'2S 8€5'| s88'vl GEE'SEL'EBL  PAN+S Go%ﬂ mﬂ:uv
18'ehT 598’y 292y 1Y2'S %Z'96 195y 616'29 Zov'L pIE'Yl [SO'LOV'PO6  PAA+S ?oNﬂum._:“_v
89'LEY szl 880'8 pS1L°01 %656 60L'Y 008'8% el 610z S/L'0LS'S86  rAA+S  (bN4) bNAT
) 996'% gov'e $00'S VN VN VN VN VN VN ran+s  (pnd) en43
9'shl 86v'g 2652 yS8'z VN VN VN VN VN VN ran+s  (znd) zn43
vg'0. 6v2'S 158y I8L' VN VN VN VN VN VN ran+s  (1nd) 1N43
y2's9z 2IL'S L'y V1L %L L6 590' 165'S8 pe9't L9001 0LZ'80V'268  FAA+S 900
12°00. 682°S 1Sy 6v€'9 %8'v6 v2Z's 00t'+9 667" L 9z} 8/7'C08'68L  FAA+S $0a
69'522 629'6 99z 8ve'e %9'v6 589’y 92Z'L8 8Lyl 255'6 ZL6'Z8L'EE8  PAA+S 0
8.°028 900' 662'% pL6'9 %1G6 plS' 96€'VE ¥66 b9L'6 950'SP8'SEE PAA+S €00
9c'L8'e 910 25h's ELL'2 %8'Z6 685 €16'61 9eL’l 596°C 1 £00'680'8.Z  FAA+S 20a
9EPL6'L vy 19€'G 5129 %9'58 0£0'e LSv've 950°1 850} GSG'S06'V6Z  PAA+S 10a
oY ¥66 085°S £ov's 6809 %826 pL6'Y 196°0L £v9'L 209'41 9SZ'SPO'EZ8  [AA+S 9aH
ze8e 8vH'9 0SL'% 9.8'S 20'L6 9,9 29E'vL 669'1 95511 909'€2€'658  [OA+S SaH
pb'89 18€'9 205" SIt'S %S L6 260'S y58'v8 25 910'0} LPT'968'6Y8  PAA+S paH
10'121 8501 LT 8zL'y %P6 £86'C 19g'€E 0ze'L 822’8 81G'/EL'9/T  [OA+S £aH
y8'589 98'g 1582 pOL'S %106 sge'e 159'9p 122 660°L BLLOLLIVEE  FOA+S ZaH
620Vl 8109 598 y26'y %G'G8 980'€ R 280' 190°41 LISLLELLE  FAA*S LaH
hﬁwﬂmwo __m_w%mmn_ wn__wc_:mw 4 POl _A__.ﬁw___uww_ IPD/INN  1190/SPESY  [18D/8USD 189 speay 10003014 Jouog
poseg ueo mmsiey  PIEWASI ooy UeIPoN uespy uelpay  pajewnsy Jo JaquinN

SISA[euR Jguy [[9)) BIA APN)S JUILIND JY) UI SOPSLIAIRIRYD v)ep pue [090301d bas-y ) 1.9s / bas-VARIIS oYL, 7S d1qeL Arejudwoddng



(90a=.n4)

£€62 9006 L€1L 08€9 Zres 9986 66€. G88¢ 0129 1
S6.¢ 8,55 69€8 08z, $06S SIvLL L8 /165 1861 Go%,u “_@._Ev
6582 eleler” 6£89 9985 L11Y 8976 6£89 Z60¥ vv6S ?o%,u mm._:b
689% 2088 €25l 06211 95€6 90LL1L EPrel 109 9€00L  (¥Nd) LNAT
6LYE vE9¢ 6¥€S 9eTy 118€ 9/29 €687 16161 /e01z  (end) end3
6lve G8ve ¥S6¢ z.62 4°1°14 G.G€ 69€€ 250zl 985zl (gndd)zn43
vz8y 116V €865 0v.S 8Z1S 6.0 6959 Grlel LL6EL (tnd) 1n43
82¥¢ 20SY G185 €615 ov6Y 0.2. 8£65 vS6v 6165 90d
AN £YSY 82€9 821G 951G 966/ 668G €596 €19 G0da
ve0z 8192 6¥2¢ 0€ 9£62 (0} A% z6v¢ 8€6¢ WXA7 ¥0ad
€8y elelet7 88Y. 871G L06% €9/8 6909 8976 9.6 €0d
orrS 601G 6G.. 6929 €209 ZL¥6 €08 GL.2ZL G96E L zod
/€26 1655 €€ 6089 €485 20.8 £v6. 876 8502} 10d
9.¥¢ 2595 1¥9. €612 8165 zs0LL 1098 87719 L0911 9aH
vvlz €028 609 G659 €L¥S 15501 1291 9€95 95511 SaH
268¢ gesy 1889 Z¥09 851G 676 ARl 80%. 91001 yaH
6£2¢ 888¢ LvEY 60Z¢ 0gLe 506 €/8¢ €€.G 8228 €aH
€zee 0152 966¢ 8€82 8692 0Z.¥ 8lee G009 660. ZaH
ov.2 gzlLe €625 0€G€ 8L¥e L€19 4147 €608 19011 LaH

sjuno9 s||129H sjuno?) sjuno?) Sjunod SsUNo) ||9) |oJ3uo09 Ajjenp sjuno’n

VNYOsS-¥OL19g0 1190 GyL-Vil ayl ViLP  gul-Vil mm__mwo mﬁmmo Aq spunog s|pg 199 bas Jouoq

paiayid pailed palajily  paseyid  audid paited VNYOS paso)jid  -VNUOS

dgeyded Jvanag BIA APN)S JUILIND IY) Ul SINSLIIPIBIRYD B)ep pue [030)0.1d bas-3qD) 1,9s / bas-vNI2s YT, €S d1qeL, Areyudwdjddng



Supplementary Table S4 Performed scRNA-seq and paired TCR cell count in each group

HD Discharged Follow-up
Raw Cells 59573 52150 77381
Filtered Cells by
Quality Control 39023 46212 64496
Total cells 17374 24040 24938
Filtered o TCR- CD3E*CD4*CD8A- cluster cells 8718 13232 11021
scRNA Paired
CD3E*CD4-CD8A* cluster cell 8354 10664 13227
Total cells 2902 2055 4854
Filtered Top20 . + B
aBTCR-scRNA Paired CD3E*CD4+*CD8A:- cluster cells 471 224 451
CD3E*CD4-CD8A* cluster cell 2382 1809 4194
% of Filtered Top20
aBTCR Paired cells in
Filtered Total aBTCR 16.7% 8.54% 19.46%

Paired Cells




Supplementary Table S5 The unique-clone and multi-clone percentage in each group

Pt# Unique-clone (1 cell) Multi-clone (2 2 cells)
HD 67.13% 32.87%
Discharged 82.95% 17.05%
Follow-up 64.02% 35.98%

Unique-clone = (cell count of all unique TCR classification / total cell count) * 100%; Multi-clone = 100% - unique-clone.




