
17.7 4.00

6.9971.3

15.8 2.63

31.650.0

19.3 34.2

25.421.1

5.52 1.34

8.8684.3

34.8 0.77

3.8760.6

37.7 5.96

5.3051.0

31.5 6.74

10.151.7

33.3 15.1

14.037.6

50.0 5.56

044.4

50.0 3.33

046.7

0 50.0

50.00

50.0 0

50.00

20.0 80.0

00

0 50.0

050.0

20.5 4.29

8.1067.1

27.3 0

27.345.5

14.8 33.3

33.318.5

41.7 16.7

8.3333.3

44.4 11.1

11.133.3

0 0

00C
C

R
7

CD45RA

CMV

EBV

S
A

R
S

-C
oV

-2

NC

Donor1 Donor2 Donor3 Donor4 Donor5

PDCD1

CTLA4

HAVCR2

LAG3

TIGIT

−1

−0.5

0

0.5

1

CM
V EBV

SAR
S-C
oV-
2

BD

10x

−10

−5

0

5

−10 −5 0 5
UMAP_1

U
M
AP

_2

Before Hamony

10x

BD

BD

10x

−5

0

5

−8 −4 0 4
UMAP_1

U
M
AP

_2

After Hamony

a c

0.00

0.25

0.50

0.75

1.00

CM
V

EB
V

Tcm

Tem

Temra

TscmPr
op
or
tio
n

d

6 11 4 3 9 10 13 12 8 0 1 7 5 2

CCR7

SELL

FAS

IL7R

CRTAM

XCL2

XCL1

CCL3

CCL4

TNF

IFNG

GZMB

GZMM

CCL5

CST7

GNLY

−3 −2 −1 0 1 2 3

Tcm
Tnaive

Tem
ra

Tem

Cell Cluster

e f

−4

−2

0

2

4

−10 −5 0 5

UMAP_1

−4

0

4

−5 0 5 10

UMAP_1

U
M
AP

_2

U
M
AP

_2

10x

BD

b Before Hamony After Hamony

danae
supplementary Figure 1



1

2

3

Ex
pr

es
si

on
 L

ev
el

MATR3

2

4

Ex
pr

es
si

on
 L

ev
el

MT−ND5

2

4

6

Ex
pr

es
si

on
 L

ev
el

MT−ND2

2

4

6

Ex
pr

es
si

on
 L

ev
el

PABPC1

0

1

2

3

4

Ex
pr

es
si

on
 L

ev
el

STK17B

1

2

3

4

5

Ex
pr

es
si

on
 L

ev
el

RPS20

1

2

3

4

5

Ex
pr

es
si

on
 L

ev
el

RPL31

1

2

3

4

Ex
pr

es
si

on
 L

ev
el

RPS10

0

1

2

3

CMV

SARS-CoV
-2

EBV

Ex
pr

es
si

on
 L

ev
el

RPL36A

0

1

2

3

4

CMV

SARS-CoV
-2

EBV

Ex
pr

es
si

on
 L

ev
el

MIF

0

1

2

3

4

CMV

SARS-CoV
-2

EBV

Ex
pr

es
si

on
 L

ev
el

RPL26

0

1

2

3

4

5

CMV

SARS-CoV
-2

EBV
Ex

pr
es

si
on

 L
ev

el

FABP5

danae
supplementary Figure 2



a

CD28+ Cell

CTLA4+ Cell
CD28+/CTLA4 Cell

Both Negative Cell
Both Positive Cell

regulation of defense response to virus by host

regulation of defense response to virus

defense response to virus

T cell receptor signaling pathway

response to virus

0 20 40 60 80
0.04

0.03

0.02

0.01

Adjust Pvalue

GSE155223

response to virus

regulation of T cell receptor signaling pathway

0 20 40 60 80

0.03

0.02

0.01

T cell receptor signaling pathway

regulation of defense response to virus
GSE180578

Adjust Pvalue

Gene Count

c

b

cellType

Tcm

Tem

Temra

Tscm

CMV EBV SARS-CoV-2

C
D

28
+ 

T 
ce

lls
ac

tiv
at

io
n 

ph
as

e
B

ot
h+

 T
 c

el
ls

tra
ns

fo
rm

at
io

n
C

TL
A

4+
 T

 c
el

ls
in

hi
bi

tio
n 

ph
as

e

danae
Supplementary Figure 3



STAT5A

NR3C1FASLG

TNFRSF9
CREB1

IL21R
EGR2

TAF7

FOXP1
SUZ12

STAT3
CEBPZ

KDM5A
NFKB1

IL6ST

FOS

FOSL2

TGIF1

MYC

FOSB

IRF8

NFIL3MAFF

CCL3

SRF

FAS

E2F4

IKZF1

ETV6

ETS1

ETV7

ELK3

EGR1
EGR3

BACH1

BACH2
TNF

ETS2

ELF1 SP1

MAX
POLR2A YY1

ATF6

HDAC2

SREBF2

ELK4GABPA

XBP1

HIVEP3

TBX21

PRDM1

CCL4L2

GABPB1

REL

ATF3

JUND IRF4

CCL4

BCLAF1

BHLHE40
CREM

EP300

RAD21

BCLAF1

XCL2

TBX21

IRF4
REL

STAT5A

BACH2
JUND

NFKB2

IFNG

CREM

GABPB1

PRDM1

NFKB1

ATF3

KLF13

ELK3

TNFRSF14UBTF

GTF2F1

MXD4

ELF2

E2F4
PSMD12

CCL20

MYC

TGIF1

ETS2

MAX

IRF8

HDAC2

ESRRA

CTCF

MAZ

TGFB1

NELFE

KDM5B

NFYBRELB

CEBPB

HIC1

ELK3

CCR5

EGR1

IKZF1

SRF

CXCL8
BCLAF1

ELF4

MAX

SREBF2EP300

PRDM1

CX3CR1 RAD21

MAF

MAZ

CXCR6

ESRRA

E2F4MYCIL1B

IRF7 CCR1

PSMD12

CEBPD

RORA

0.00

0.25

0.50

0.75

1.00

Tc
m

Te
m

Te
m

ra

Ts
cm Tc
m

Te
m

Te
m

ra

Ts
cm Tc
m

Te
m

Te
m

ra

Ts
cm

P
er

ce
nt

ag
e

AUCIndex InactiveActive

CMV EBV SARS-CoV-2

Transcription Factor

SARS-CoV-2 Cytokine

CMV Cytokine

EBV Cytokine

c

a b

d

danae
supplementary Figure 4



LEF1_extended (21g)
HMGN3_extended (26g)

KLF2 (33g)
IRF9_extended (84g)

IRF9 (45g)
KLF2_extended (98g)

DDIT3_extended (35g)
MXD4_extended (86g)

KLF13 (111g)
ELF2 (329g)

IRF3_extended (549g)
TCF7 (27g)

ELF2_extended (487g)
TCF7_extended (39g)

KLF13_extended (681g)
IRF3 (243g)
DDIT3 (13g)

HTATIP2 (258g)
ETV7_extended (315g)

THAP11_extended (485g)
PSMD12_extended (144g)

POLE4_extended (121g)
MYC (124g)

BATF_extended (20g)
ENO1_extended (18g)

GTF2B_extended (118g)
BATF3_extended (289g)

YBX1_extended (12g)
MAZ_extended (2375g)

E2F4_extended (3062g)
MYC_extended (4632g)

NELFE_extended (2726g)
SMARCB1_extended (14g)
HDAC2_extended (3209g)

UQCRB (41g)
MAX_extended (3645g)

STAT5A_extended (543g)
GABPB1 (1537g)

GABPB1_extended (2705g)
XBP1_extended (432g)

TAF7_extended (2470g)
REST_extended (837g)
YY1_extended (2719g)

ELK3 (2472g)
CEBPZ_extended (1619g)

ELK3_extended (3628g)
CREM_extended (988g)

CREM (640g)
POLR2A (2608g)

POLR2A_extended (2719g)
ESRRA_extended (836g)

EOMES (288g)
SUZ12_extended (1222g)
CEBPG_extended (123g)
EOMES_extended (318g)

RELB (158g)
RELB_extended (169g)

IRF8 (14g)
KLF10_extended (40g)

BACH2_extended (176g)
BACH2 (17g)

NFKB1 (165g)
NFE2L2_extended (61g)
NFKB1_extended (213g)

KLF10 (25g)
FOSB (23g)

IRF8_extended (107g)
ETS2 (1106g)

ETS2_extended (1847g)
NFKB2_extended (101g)

NFKB2 (73g)
XBP1 (89g)

ZNF362_extended (17g)
ZNF362 (14g)

BCL3 (10g)
ZBTB14 (28g)

BCL3_extended (17g)
FOXO4_extended (18g)

E2F3_extended (17g)
E2F3 (16g)
USF2 (28g)

ZNF33A (19g)
TFCP2 (13g)
REST (10g)

TCF12_extended (13g)
ARNT_extended (15g)

IKZF2 (10g)
RBMS1 (10g)

CEBPD_extended (25g)
FOXP3_extended (29g)

NFE2L3_extended (17g)
WRNIP1 (17g)

RORA_extended (46g)
ZEB1_extended (65g)

SIN3A (11g)
CHD2_extended (11g)

FOXO1 (24g)
SP3_extended (14g)

STAT2 (101g)
IRF2 (72g)

IRF7 (154g)
STAT1 (47g)

GTF3C2 (31g)
RELA (51g)

RXRA_extended (17g)
MAX (29g)

POLR3G_extended (67g)
STAT2_extended (277g)

ATF2 (14g)
KLF12_extended (27g)

CEBPG (17g)
TBP (46g)

ELF1 (76g)
MXD1_extended (16g)

RUNX2_extended (15g)
RUNX2 (14g)

ZMIZ1_extended (52g)
CEBPB (69g)

HIVEP2_extended (11g)
HIVEP2 (10g)

MYB_extended (61g)
SRF (67g)

SREBF2 (64g)
ATF4 (53g)

ATF4_extended (70g)
LEF1 (16g)

NFIC_extended (35g)
GATA3_extended (59g)

NFIC (12g)
NFATC2 (16g)

FLI1_extended (163g)
FLI1 (136g)

ELF4_extended (49g)
JAZF1 (51g)

NR2C2_extended (138g)
FOXO3_extended (60g)

FOXO3 (17g)
SP4_extended (68g)

MXI1 (148g)
MXI1_extended (275g)
TAF1_extended (142g)

BPTF (255g)
ZNF267 (53g)

TAF1 (110g)
HIVEP3 (15g)

HIVEP3_extended (34g)
TGIF1 (42g)

TGIF1_extended (53g)
NFIL3 (21g)
PRNP (20g)
EGR3 (22g)

FOSL2 (43g)
TBX21 (46g)

TBX21_extended (120g)
MAFF_extended (60g)
HIC1_extended (114g)

NFATC1_extended (34g)
NFIL3_extended (152g)

FOSL2_extended (190g)
KLF11_extended (17g)

CREB1 (50g)
ERF_extended (13g)

FOXN3_extended (35g)

FOSB_extended (118g)
EGR3_extended (157g)

REL (264g)
IRF4 (247g)

JUNB_extended (53g)
IRF4_extended (303g)
REL_extended (330g)

PRDM1_extended (344g)
EGR1 (134g)

EGR1_extended (171g)
JUND (15g)

STAT3_extended (109g)
MAF_extended (27g)

KLF12 (18g)
FOS_extended (33g)

EGR2 (425g)
EGR2_extended (544g)

JUNB (23g)
MNT_extended (45g)

RSS

0.1

0.2

0.3

0.4

0

1

2

3

4

5

ScaledRSS

T
e
m

ra

T
e
m

T
c
m

T
s
c
m

T
e
m

ra

T
c
m

T
s
c
m

T
e
m

T
s
c
m

T
e
m

ra

T
e
m

T
c
m

CMV SARS-CoV-2 EBV

danae
supplementary Figure 5



73.5

FSC-A

SS
C

-A

99.6

FSC-A

FS
C

-H

70.7

Comp-BV510-A :: L_D

C
om

p-
BU

V3
96

-A
 ::

 C
D

3

33.6

58.1

Comp-BV786-A :: CD4

C
om

p-
BV

60
5-

A 
:: 

C
D

8

1.04

Comp-PE-A :: IFN-g

C
om

p-
PE

-C
y7

-A
 ::

 T
N

F

58.0 5.68

2.2734.1

Comp-FITC_BB515-A :: CD45RA

C
om

p-
AP

C
-A

 ::
 C

C
R

7

2.73

Comp-PE-A :: IFN-g

C
om

p-
PE

-C
y7

-A
 ::

 T
N

F

17.7 4.00

6.9971.3

Comp-FITC_BB515-A :: CD45RA

C
om

p-
AP

C
-A

 ::
 C

C
R

7

danae
supplementary Figure 6



Supplementary Figure Legend 1 

Supplementary Figure 1: The composition of T cell repertoires were different in CMV, EBV 2 

and SARS-CoV-2 in validation dataset. a) The UMAP of CD8+ cells data from two different 3 

platform before ‘Harmony’ correction (left) and after ‘Harmony’ correction (right). b) silimar 4 

with that in figure a, but shows the data of CD4+ cells. c) The heatmap shows the average gene 5 

expression for the genes listed in the right. The values were row scaled and represented by 6 

color shown in the legend. d) The proportion of different cell clusters in the T cell repertoire 7 

that primed with CMV pMHC and EBV pMHC in validation datasets. e) Clustering and cell 8 

type determination of memory T cells in validation dataset. Each single cells in the validation 9 

dataset were clustered into 0-13 clusters as listed under each column. The cell types were listed 10 

on the right of the heatmap and the marker genes used for cell type determination were listed 11 

on the left. The color for each square was assigned according to the mean expression of genes 12 

in all cells for each cluster. f) FACS plots showing the proportion of CD45RA+CCR7- (Temra) 13 

T cells and CD45RA-CCR7-(Tem) T cells in 5 convalescents in CMV-peptide, EBV-peptide 14 

and SARS-CoV-2 peptides stimulation models. 15 

Supplementary Figure 2: Viral specific gene expression in CD4 T cells. The violin plots 16 

showed given gene expression distribution in virus-specific CD4 T cells. CMV CD4 T cells 17 

were plotted with red violin, EBV- were  blue and SARS-CoV-2 were green. 18 

Supplementary Figure 3: T cells with both CD28 and CTLA4 expression. a) The left pie plot 19 

shows the proportion of cell with either CD28 or CTLA4 expression. The right pie shows the 20 

proportion of cells expressing CD28, CTLA4 alone or both. b) Each single pie plot indicates 21 

the proportion of cell types in the T cell clusters with specified viral primed and specified cell 22 

state. c) The two barplots showed the enriched functions done with genes that positive 23 

correlated with ratio of CD28/CTLA4 in two independent datasets. 24 

Supplementary Figure 4: TF-Cytokine network. a-c) The network constructed with virus 25 

specific cytokines in figure2.a and their SCENIC imputed transcription factors. Blue nodes are 26 

deduced TFs and the lines represent the regulation relationship between cytokine and TF. CMV 27 

specific cytokines were labeled with red dots in figure a. EBV specific cytokines were labeled 28 

with green dots in figure b. And SARS-CoV-2 were labeled with gold dots in figure c. d) 29 

According to the AUC cutoff labeled in figure 5.b, the cells were separated into REL regulon 30 

active (red) ones and inactive (gray) ones. Each barplot indicates the percentage of active and 31 

inactive cells in each virus-specific T cell clusters. 32 



Supplementary Figure 5: Viral specific Regulons. All the SCENIC deduced TFs with their RSS 33 

scores in each virus-specific T cell subsets. 34 

Supplementary Figure 6: Gating strategy for supplementary Figure1.f 35 

 36 


