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Mizk 2 H#APE, EETE S 20%RBIER
& ~N(0,1) & ~N(0,2)
MD- | MD- | f@b& | X | Jor &9 | MD- | MD- | fh& | BN | JRSE &It
CARDSI|CARDSI| sE57 | #£%] |AdaLasso|AdaLasso|CARDSICARDSI| sE 5 | #E%] |AdaLasso|AdaLasso

B8 S (Crect i

NMI | 090 | 085 | 073 ] 075 | 051 | 081 | 0.87 | 081 | 0.70 | 072 | 051 | 0.81
(0.06) | (0.15) | (0.08) | (0.15) | (0.00) | (0.00) | (0.06) | (0.11) | (0.08) | (0.10) | (0.00) | (0.00)
TP |194.43 | 182.91 [175.93[180.44| 153.56 | 150.32 |190.84 | 181.68 |172.27|174.36| 145.34 | 143.22
(3.22) | (6.45) | (9:32) |(12.97)] (10.87) | (10.53) | (5.27) | (7.98) |(11.23)|(15.02)| (15.67) | (11.10)
FP | 6.63 | 1042 |2531]19.16| 6791 | 4084 | 7.57 | 13.84 | 31.11 | 25.69 | 7021 | 55.15
(0.32) | (1.73) | (6.69) | (9.01) | (10.32) | (13.59) | (0.53) | (2.88) |(12.03)|(13.188| (13.13) | (14.35)
it | 394 | 493 | 6.15 | 520 | 889 | 10.18 | 4.04 | 624 | 798 | 6.88 | 12.22 | 12.25
RMSE | (0.06) | (0.82) | (1.72) | 3.57) | (1.43) | (4.01) [ (0.05) | (0.96) | (1.94) | (5.11) | (2.54) | (3.93)
i | 5.6 | 6.66 | 7.41 | 7.03 | 1740 | 19.84 | 611 | 8.01 | 940 | 827 | 21.67 | 20.76
RMSE | (0.61) | (1.23) | (1.20)| 2.00) | (521) | (6.48) | (0.74) | (1.55) | 3.87) | (3.58) | (6.59) | (10.77)

A% R UG 5

p=it

NMI | 090 | 087 | 071 ] 077 | 051 | 085 | 090 | 082 | 0.69 | 0.75 | 051 | 0.85
(0.09) | (0.07) |(0.08) | (0.10) | (0.00) | (0.00) | (0.07) | (0.07) | (0.09) | (0.16) | (0.00) | (0.00)
TP |196.29 | 190.35 [180.39[182.63| 166.04 | 167.06 | 194.94| 185.00 |176.28 | 175.77| 160.87 | 160.73
(2.59) | (4.76) | (3.81) | (9.41) | (7.28) | (13.44) | (1.24) | (3.98) | (5.10) |(12.74)| (7.99) | (13.00)
FP | 331 | 490 |18.76|16.50| 59.07 | 33.86 | 4.00 | 6.72 |32.56 | 2091 | 77.52 | 48.69
(0.10) | (0.84) |(5.29) | (9.47) | (9.65) | (5.52) | (0.65) | (1.05) |(13.25)|(10.95)| (7.57) | (10.99)
i | 027 | 073 | 164 | 136 | 518 | 615 | 037 | 089 | 1.99 | 204 | 614 | 652
RMSE | (0.03) | (0.08) | (0.29)| (0.72)| (1.00) | (1.87) [ (0.02) | (0.16) | (0.16) | (0.88) | (1.94) | (1.88)
W | 151 | 207 | 403 | 3.4 | 1046 | 898 | 1.03 | 258 | 445 | 455 | 11.86 | 9.19

RMSE | (0.31) | (0.62) |(0.82)| (1.84)| (3.53) | (2.01) | (0.33) | (0.45) | (0.86) | (1.93) | (4.39) | (2.96)

EF R H5E 4 F)

p=it

NMI | 091 | 087 | 077 | 0.79 | 0.51 1.00 | 090 | 080 | 0.76 | 079 | 0.51 1.00
(0.00) | (0.04) |(0.06) | (0.09) | (0.00) | (0.00) | (0.04) | (0.05) | (0.06) | (0.18) | (0.00) | (0.00)
TP |195.23 | 192.45 |181.05[180.43| 171.03 | 196.78 |193.81| 184.00 |176.92[175.03| 165.65 | 195.06
(1.48) | (3.03) | (4.92) | (822)| (6.34) | (1.37) | (2.03)| (5.63) | (4.62) | 8.77) | (8.12) | (1.57)
FP | 290 | 3.69 |1454 (1070 | 33.87 | 2.01 | 3.10 | 597 | 1648 | 11.68 | 48.40 | 2.48
(0.54) | (0.78) | (3.18) | (7.25) | (7.58) | (0.77) | (0.56) | (0.41) | (4.39) | (8.55) | (6.19) | (0.95)
i | 031 | 058 | 174 | 154 | 257 | 021 | 036 | 139 | 1.85 | 195 | 3.17 | 0.30
RMSE | (0.05) | (0.14) | (0.35) | (0.78)| (0.09) | (0.01) [ (0.05) | (0.26) | (0.49) | (1.03) | (0.12) | (0.03)
W | 138 | 241 | 3.07 | 325 | 588 | 116 | 1.55 | 293 | 410 | 458 | 696 | 1.29
RMSE | (0.09) | (0.52) |(0.13)| (1.01) | (0.11) | (0.28) | (0.13)| (0.77) | (0.28) | (1.61) | (0.35) | (0.33)
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g, ~N(0,1) gk~N(0,2)
MD- | MD- | B | g | gSE #JF | MD- | MD- | @hd | B | gor I
CARDS|CARDSI| 45 | 45 |AdaLasso|AdaLasso| CARDS|CARDS1| fes | 45 |AdaLasso|AdaLasso
LSS Creed
NMI 0.92 0.84 0.70 | 0.73 0.51 0.89 0.91 0.82 0.69 | 0.72 0.51 0.89
(0.04) | (0.06) | (0.08) | (0.16)| (0.00) | (0.00) | (0.03) | (0.06) | (0.08) | (0.16) | (0.00) | (0.00)
TP 89.50 | 85.07 | 79.93 | 84.05 4.35 74.33 88.61 | 82.30 | 75.42 | 82.82 | 70.07 73.82
(5.40) | (5.71) | (6.32) | (8.56) | (7.78) | (6.87) | (4.49) | (7.02) | (6.88) | (8.88) | (8.81) | (6.23)
FP 10.62 | 11.53 | 71.79 | 26.18 | 108.22 85.13 13.14 | 12.10 | 69.79 | 35.70 | 111.53 88.82
(5.05) | (4.31) [(16.47)|(15.0D)| (19.06) | (5.19) | (3.86) | (5.86) |(16.47)|(15.61)| (17.40) | (5.91)
f&it 5.26 7.48 12.04 | 7.63 14.95 9.18 6.98 9.03 13.49 | 8.22 17.83 10.62
RMSE | (236) | (2.56) | (3.56) | (4.01) | (3.10) | (1.78) | (3.00) | (3.95) | 3.19) | (6.67)| (3.77) | (2.57)
Fim 10.16 | 10.98 | 48.41 | 18.07 | 103.20 32.03 15.91 19.39 | 52.65 | 27.17 | 114.26 26.83
RMSE | (0.92) | (1.93) | 3.92) | (5.74) | (10.52) | (5.70) | (1.33) | (3.74) | (5.37) | (6.34) | (9.89) | (6.49)
EES S & d
NMI 0.91 0.87 0.67 | 0.73 0.53 0.89 0.90 0.85 0.65 0.70 0.53 0.89
0.04) | (0.04) | (0.07) | (0.17)| (0.00) | (0.00) | (0.04) | (0.05) | (0.07) | (0.18) | (0.00) | (0.00)
TP 90.29 | 8592 | 78.96 | 84.12 | 78.89 84.01 88.25 | 84.14 | 7793 | 79.49 | 77.14 82.24
(6.03) | (4.69) | (6.80) | (7.98) | (9.06) | (6.43) | (6.24) | (6.20) | (7.10) | (8.40) | (7.48) | (7.91)
FP 7.03 8.05 40.76 | 25.62 | 109.78 27.72 9.90 10.75 | 80.17 | 34.03 | 113.05 34.94
(6.00) | (2.28) [(16.09)[(14.51)| (12.49) | (5.88) | (6.95) | (8.92) [(19.75)[(17.65)| (12.58) | (5.92)
it 3.25 4.23 832 | 6.79 14.22 5.89 5.29 7.95 10.07 | 8.05 18.67 6.88
RMSE | (1.01) | (2.09) | (3.63) | 3.67) | (3.10) | (1.02) | (2:30) | (2.74) | (8.:86) | (5.21) | (4.80) | (1.57)
Fim 3.39 5.78 19.50 | 17.84 | 90.47 15.23 9.31 11.45 | 3845 | 2431 | 99.52 19.64
RMSE | (0.31) | (2.76) | 2.51) | (5.17) | (10.87) | (3.56) |(0.867)| (3.88) | (2.71) | (6.33) | (15.82) | (3.91)
LSS Cretil

NMI | 0.96 | 0.93 |0.69 | 0.76| 0.51 | 1.00 | 0.92 | 0.90 |0.67 | 0.73| 0.51 | 1.00
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(0.03) | (0.07) | (0.07) | (0.18) | (0.00) | (0.00) | (0.04) | (0.10) | (0.08) | (0.14) | (0.00) | (0.00)
TP | 92.61 | 8620 | 81.43 | 8591 | 74.31 | 100.00 | 90.68 | 8592 | 79.93 | 80.24 | 89.67 | 100.00
(5.07) | (3.74) | (6.01) | (8.66) | (7.07) | (0.00) | (4.60) | (6.33) | (6.32) | (9.01) | (14.63) | (0.00)
FP | 345 | 398 | 6876|2714 | 7893 | 127 | 859 | 983 |68.76 | 33.27 | 89.67 | 3.95
(3.74) | (1.35) [(16.09)[(17.65)| (10.20) | (0.21) | (6.22) | (3.15) |(16.09)|(19.49)| (14.63) | (1.19)
fliit | 255 | 4.07 | 884 | 605 | 1696 | 110 | 423 | 582 | 1115| 723 | 17.89 | 1.29
RMSE | (0.81) | (1.27) | 3.09) | 3.17) | (2.96) | (0.01) | (1.65) | (1.88) | (3.60) | (3.89) | (2.67) | (0.03)
B | 535 | 6.8 | 1434 | 1523 | 5655 | 1.07 | 6.09 | 9.54 | 3105|1863 | 67.23 | 135
RMSE | (1.27) | (1.45) | (2.37) | (4.52) | (12.06) | (0.13) | (1.99) | (2.56) | (3.93) | (5.90) | (13.57) | (0.11)
M 3 HA NS, ERTE S 10%HRMER
MiZk 4 HAEYS, ERTE. S 20%A0ENGR
& ~N(0,1) & ~N(0,2)
MD- | MD- | @d | pxt | or | &3F | MD- | MD- | fE | X | L | &OF
CARDS [CARDS1| &5 #E51 |AdaLasso|AdaLasso| CARDS [CARDSI| 455 | 4£5 |AdaLasso|AdaLasso
T RHE A5 IR
NMI | 088 | 079 | 070 | 076 | 0.1 081 | 087 | 077 | 070 [ 072 | 051 0.81
(0.06) | (0.06) | (0.08) [(0.10)| (0.00) | (0.00) | (0.06) | (0.07) |(0.08) (0.15)| (0.00) | (0.00)
TP | 17825 | 30.51 | 155.71 |167.55| 147.28 | 160.66 | 175.79 | 164.53 |145.50|161.29| 142.18 | 155.94
(12.33) | (19.64) | (19.24) |(15.63) (13.07) | (15.46) | (13.19) | (11.54) {(18.25)[(16.23)| (11.31) | (11.75)
FP | 2821 | 168.06 | 6641 |37.82| 143.01 | 159.03 | 39.34 | 41.45 | 70.48 | 50.90 | 152.18 | 169.53
(25.76) | (13.93) | (15.40) |(17.91) (17.26) | (6.20) | (26.83) | (16.16) |(18.23)|(18.93)] (24.19) | (12.78)
it | 1164 | 1527 | 2243 |16.34| 3568 | 1856 | 1501 | 18.56 |24.45|19.36| 3892 | 20.94
RMSE | (4.46) | (3.88) | (7.58) [(7.35)| (4.90) | (5.86) | (5.67) | (5.32) | (8.18)|(8.39)| (5.20) | (4.96)
B | 1672 | 1943 | 50.67 |23.13| 6620 | 5828 | 20.26 | 25.83 |5849 |29.18 | 99.83 | 60.47
RMSE | (4.85) | (4.32) | (6.79) |(8.14)| (8.11) | (8.56) | (5.34) | (7.38) |(4.15)|(10.46) (1243) | (3.99)
AT R A 57
NMI | 087 | 082 | 062 |075| 051 085 | 085 | 080 | 060 [ 072 | 051 0.85
(0.09) | (0.09) | (0.06) [(0.17)| (0.01) | (0.00) | (0.10) | (0.10) |(0.07) |(0.16)| (0.01) | (0.00)
TP | 183.50 | 177.23 | 165.68 |170.94| 150.82 | 164.85 | 179.25 | 172.56 |154.64|165.53| 145.39 | 159.36
(12.79) | (14.57) | (23.74) |(13.37)| (14.69) | (9.82) | (13.01) | (15.06) |(23.43)|(15.95)| (15.50) | (10.29)
FP | 1576 | 16.98 | 50.83 |29.48 | 130.75 | 117.23 | 25.08 | 27.80 | 91.38 | 36.83 | 143.04 | 148.57
(7.34) | (7.70) | (14.38) |(12.29)| (23.92) | (16.45) | (10.86) | (11.47) (52.12)[(15.84) (28.63) | (10.29)
it | 563 | 892 | 1227 | 892 | 1687 | 1545 | 6.63 | 923 |2738|13.52| 21.98 | 36.88
RMSE | (1.82) | (243) | (6.79) [(5.18)| (3.90) | (3.13) | (0.58) | (2.99) |(4.90) |(6.18)| (14.77) | (7.59)
Bl | 1057 | 1434 | 2545 | 1947 | 68.93 | 47.18 | 1167 | 16.73 |29.41|2232| 77.86 | 78.43
RMSE | (2.51) | (4.88) | (3.00) [(7.75)| (7.51) | (5.78) | (3.73) | (3.84) | (4.48) |(8.98)| (7.25) | (7.19)
A% R A 4 AR




(Gt 7e) IMAILEE: B TIRE o0 75 10 1) 2 AN B B UL S e 2 A (R 2024 4E 9 H
NMI | 091 0.85 069 | 077 | 051 1.00 0.90 0.83 | 0.69 | 0.75 | 0.51 1.00
0.05) | (0.05) | (0.06) |(0.09)| (0.01) | (0.00) | (0.06) | (0.08) | (0.06)|(0.14)| (0.01) | (0.00)
TP | 179.04 | 167.01 | 143.71 |158.67| 149.07 | 194.18 | 172.93 | 163.95 |140.61[153.10| 135.43 | 192.23
(13.36) | (22.47) | (21.47) |(15.61)| (19.06) | (4.96) | (13.87) | (15.62) |(21.76)|(14.17)| (18.04) | (6.17)
FP | 2093 | 22.11 | 153.72 |45.87 | 17459 | 2.2 | 3279 | 33.43 |162.83|47.25| 190.06 | 3.00
(30.65) | (14.64) | (55.44) |(19.74)| (17.76) | (0.72) | (31.36) | (17.58) |(52.67)(21.02)| (26.76) | (0.69)
it | 5.17 523 10.55 | 7.38 | 16.03 1.74 5.86 6.05 |1245| 943 | 1897 | 2.73
RMSE | (238) | (1.49) | 291) [@.71)| (4.14) | (0.72) | (2.16) | (2.42) |(391)|(5.64)| (5.04) | (0.77)
wm | 7.01 8.93 14.07 |16.79 | 65.11 1.73 8.43 9.66 | 15.87|16.74| 72.87 | 2.50
RMSE | (1.57) | (2.10) | (1.88) [(4.38)| (7.71) | (0.33) | (1.46) | (2.38) |(1.68) | (5.81)| (8.10) | (0.52)
FisR S MR = RIMEIRBIAREE R
SE4 IR H53  Io 564 [ i
MD-CARDS 9 4 7
Rl A 7 1) 40 8 0
BAET 1 18 21 11
B @il 15 41 11
7. AdaLasso 0 0 0
&I AdaLasso 0 0 97
Mz 6 AEFAERBIE N EEZEFE
MD- Rl ey st M7 “If
CARDS &5 FUSiil| FET AdaLasso AdaLasso
MD-CARDS 13/14/14 1/1/0 0/1/1 4/3/1 0/0/0 3/3/4
il & 75 2/32/28 0/5/6 1/1/0 0/0/0 1/2/0
AETED 35/41/43 3/0/0 0/0/0 3/6/4
FRHE 17/52/56 0/0/0 5/6/9
Bl57 AdaLasso 0/0/0 0/0/0
471 AdaLasso 97/97/97

W BT NEUE Y 5 RO AE T I II/I-IV 393 500 AR AR ) e R 4

Fise 7 MEENAEAGHNEZRER R ITHE

FL A 1 1§ I 431V 1]
LOC348021 0.94
FILIP1 -1.93




(& RRTiW) FMANEE: FETIRA BON &S B 2 N B R R B (B 2024 F£ 9 H
CLICS -0.51 -0.51
GNAT3 0.65 0.65
ANGPTLI -0.63 -0.63
CT45A6 0.093 0.22
CGB 0.55
Clorf54 0.77 0.77
RBP5 -0.19
LOC100240735 -0.06
MGC14436 0.23 0.31
LHX5 2.96
NUDT16 -1.65 1.60
SIPRI -0.10
ZNF366 -0.16
FABPS 0.33
SPRR2D 0.33
CCDC102B 0.27
TCEAL7 -1.34
ZNF197 -0.45 -0.45
GIMAP4 1.45
TMED3 0.50 0.61
UBA7 -0.01 -0.01
TNFRSF4 -0.82 -0.82
CPNE6 1.41
AOC3 248
SYNPO2 021
PAX1 1.56
ZNF606 -0.03 0.67
MEST 0.47
SULT2BI -0.23
SIGLEC6 -0.19
TRATI 2.30
ZNF211 -0.16
DMRT3 0.49 0.49
PILRA -1.44




(BEiHat ) PMAIARE: J TR G O G ) 2 A MR SRR M (D 2024 4£ 9 H
KCNE3 -0.16
ORI11HI12 0.59
LOC401093 -0.39
SSH2 1.73
PEARI -1.37
GFI1 0.97
TNFRSF13B 0.61
KCNQI -0.84
SPATCI 0.99
AGAP2 0.24
CD200R1 -0.86 -0.34
ATOHS -0.34




(GLitwtse)
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2024 %9 H

Mz 8 MEES | FEASHNEEEERAKMGIHE

£ LA 11 11 #A-1V #
LOC348012 -2.76 -2.76 5.52
C7 -0.32 -0.32 -0.87
FILIP1 -0.77 -0.59
CLIC5 -0.29 -0.32 -0.32
CGB2 0.04 0.04 0.04
CT45A6 0.15 0.15 0.15
CGB 0.52 0.93 0.52
SNX3 -0.65 -0.65 -0.65
ZNF197 -0.55 -0.74
C170rF87 0.01 0.01 0.01
CYSLTR1 0.45 0.45 0.45
TMED3 -0.37
IL3RA -0.52 0.26
ABCD2 0.03
CPNE6 -0.12 -0.12 0.88
AOC3 -0.37 -0.37 127
DTX3L 0.25 0.25 -0.49
ARMC2 0.22 0.48 0.66
MS4A1 0.17 0.17 0.18
PKDCC -0.84 -0.84 0.17
LILRAI -0.26 -0.43 0.7
TMEM200A -0.12 -0.12 0.24
KCNA3 -0.49 -0.49 -0.49
GRIN3A -0.58 1.16 -0.58
ZNF439 -0.18 0.2
FCN1 0.08 0.08
CELA3A 2.58
IPCEFE 0.29 0.29 0.29
BTN3Al 0.60 0.60 1.30
MMP10 0.18 0.18 0.18
OR4F21 1.25 125 125
GPR183 -0.08
SIGLECS5 -0.16 0.31 0.31
LGALS9 0.38 -1.00 -1.00
FIL1 -0.19 0.39
FAM26F 0.23 0.23 0.57
OR10A6 -0.11 -0.11 0.23
RARRES1 0.36 0.36 0.36
GLIPR2 -0.16 0.33 -0.16
PNOC 0.10 0.10
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(BEiHat ) PMAIARE: J TR G O G ) 2 A MR SRR M (D 2024 £ 9 H

LGI2 0.27 0.27 0.27
Mtz 9 BXHES AR LN ERE R R A ITHE

HEA 134 1144 M-V 1
KMO 0.11 0.11 0.11
CCDC102B 0.08 0.08 0.08
GPIHBP1 -0.24 -0.24 -0.24
CXCL10 -0.70 -0.70 -0.70
RASGRF2 0.13 0.13 0.13
UBA7 0.58 0.58 0.58
ITGA8 -0.18 -0.18 -0.18
RGS5 0.45 0.45 0.45
ZNF366 0.22 0.22 0.22
GIMAP4 -0.49 -0.49 -0.49
PSMB3 0.53 0.53 0.53
CGBS 0.39 0.39
PSMB3 -0.92 -0.92
PRAMEF1 0.61 0.61
FLT3 0.34 0.34
LRMP 0.18 0.18
FCN1 -0.52
ADAMTSL3 -0.23 -0.23
INPP5D 0.16 0.16
NCKAPIL 0.54 0.54
NRK -1.40 -1.40
CXCR2P1 1.20 1.20
KIAA0125 0.23 0.23
PRKCB 0.38 0.38
ABI3 0.17 0.17
FLI1 0.30 0.30
SP140 0.32 0.32
CP -0.71 -0.71
CKMTIA 0.94 0.94
WDFY4 0.36 0.36
CD84 -0.99 -0.99
GPR116 -0.45 -0.45
SELL 0.48 0.48
MYO7B 0.66 0.66
CCRL2 -0.27 -0.27
CYTIP -0.80 -0.80
OR10A3 -0.07 -0.07
DDX60 -0.25 -0.25
NLRPS 0.28 0.28
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(GLitwtse) PMEMEE: JE TR A HORT 1 511 9 2 BRSNS e i (R 2024 49 H

FAMIIIA 0.05 0.05
ARHGAPI5 -0.33 -0.33

LOC145820 021 0.21

ARHGDIB 1.60 1.60
LOC339524 0.42 0.42

PRAMEF2 0.57 -0.57
ZNF80 -0.03 -0.03
KIAA1432 0.54 0.54
SLIT2 0.13 -0.13
FCER2 1.46 1.46
SOBP 0.35 0.35
MEOX2 -0.66 -0.66
SLCI12A3 031 -0.04
TFEC 0.70

LAX1 0.14
SAMHDI 0.27
ADHIB 0.44
CYYRI -0.19
CAMK4 -0.11
IQGAP2 0.81
CDKNIA 0.49
TCF4 0.33
KRT6B 0.09
AEN -0.86
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	1.完全异质。
	2．部分异质。
	3.完全同质。

