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Abstract

Background: Through clinical analysis, we have found that blood coagulation is closely related to
sepsis. However, the specific mechanism between coagulation and sepsis remains unclear. Therefore,
the aim of this study was to investigate the potential targets and regulatory mechanisms of coagu-
lation related to sepsis. Methods: Clinical data of sepsis were obtained from the MIMIC-IV database
and the database of our hospital. The sequencing data of sepsis were obtained from the GEO
(GSE57065, GSE134347,and GSE167363) dataset. Differential genes were obtained using limma dif-
ferential analysis. Coagulation-related genes were obtained from the MSigDB database. Venn anal-
ysis was used to obtain the intersection genes related to sepsis and coagulation. Machine learning
algorithms were used to screen hub targets. Logistic regression analysis was used to construct the
diagnostic model. Immune infiltration analysis was used to obtain immune cells associated with
sepsis. Single-cell sequencing analysis was used to further study the connections between immune
cells in sepsis and evaluate the expression patterns of hub genes. Results: We screened out 58 in-
tersection genes related to sepsis coagulation. Through a series of bioinformatics analyses, a diag-
nostic model related to sepsis coagulation was constructed. The model contains two hub genes,
among which DGKA was expressed in sepsis and GP9 was highly expressed in sepsis. The model had
an excellent diagnostic effect on sepsis (AUC > 0.8). Single-gene enrichment analysis indicated that
both DGKA and GP9 were closely related to the T cell receptor signaling pathway (TCR). Immune
infiltration analysis indicates that sepsis was closely related to immune cells. Single-cell results in-
dicated that Neutrophils had the most active connections with other cells. Conclusions: DGKA and
GP9 were closely related to sepsis coagulation, and excellent diagnostic model had been constructed,
which can be used for future diagnostic and therapeutic research.
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S “Sepsis-37 (8 N # B ThRE RS G 51 A Bk TAE A, DACSCGE I 1 TR 12 R0 A B 4]
SR, SEPRAREE R HE 2], HAT, e A A T s IR . K2 H06YT i asE
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e AR L E

BRI, EK MIMIC-IV (3.0) 804 e o BRI 82 1l R EHE 15 FRAT TR ot JHe 20 S8 1) i A 5048 AH
ghity, AR ILEE LS 5 I 1] (prothrombin time, PT)A E B br#E 44 LU (international normalized ratio, INR)
e SR B ) 2 AU T % UIAH K o PT JSE J& — P vP Al Bk L Dy e (K06 %0 R A 772, L4 2R DA
INR FEIR[6]. KRECHRFEW], PT M INR A FHAEKREEIE A I ORI W TR [7]-[9]. Bk, kB4R 5
58 ML AE P 0 o PR e R PV R BILARDR T (i B R B RE IR 2 AR 7 BT 22 00 B S = 3

H 21 LBk, B I FPROR BB R R DL RN Z R, AEE B iR © g bk
L T EERE OB FE o AR W= T3 53 1 2 R BT SR B AE K R R A2, i Ao R &R 5 b
B GPERHIE S TR AL LSO IR T HE 5] [10].

FEATRFE A, FRATR A R EEE 1) A 2L R RNA 5 008 S 48 7 458 078 Ik 2 E ROV R R G P 2
PBLE] . J8IE — RAINLR Y IR, RAB ARG MERZEREY, JRdE— PR EATT R &
VLR B2, I RS SRR o T A B I s, FRATTRS T MR EEAE 5 S 4 i TR PRI
Ry DLRCORHEEE f 5 e A B 5K 2R

2. ik
2.1. BuEE

AHFFAEH T MIMIC-IV (3.0) 4043 /& (https:/physionet.org/content/mimiciv/3.1/), %A W T UL
DL 51 4 50 A B 2 0y (Beth Israel Deaconess Medical Center, BIDMC){E 2008 4E 4 2022 4E#A[a] g A {E
ICU MIRZREE TR, ZEURERE TEEMNEE, s, AmRiE. St =4 R AansTeE.
PEEHRE A i AT AN NS B3 BENLEGEAT T A A B, DURY B E B . R SR T AR AR 3 hor
SER, FFEUI AR . MIMIC-TV 48 FE AL 5 7 R 63,000 44 A\ {E ICU 8 A 200,000 44 A (E 2
CRIEF MR R, RIEIREER 3.0 2Wibsik, ABFAILIEET 34,900 4835 . HBRbRE: 1)
R /NT 18 ZEUKT 80 . 2) AEET MR 3) RIS BA TR, &, KFANNT 14811 L,
FHARYE MATTTE R B A2 13 SE T 2 A 4

SRIMT, AN FUEUSCER T FRIE IR B hE S ARG R, X BB R AE 2024 4F & 2025 AFIARICER I .
i BB A NG B OB LA EE, DR RS . BT IR EIET bR, AP ARREAMAN T AOS
HHE B EERFITER . A AR EEIE(PH. PaO,. A —SULER. A4, &4y UEF. [EPprbrEtl oA
MR MBI R) . ZL4BM. PREFIMLLE FREE) . IMIRVE (B b T aF B 1B VP4« 7 T 88 B S vF
PR RS B B A PR ) LA S B HEREGEE OV « 7o IS ATHE PR ) . Te2&, {8 compareGroups AT IR
& EHHT T g

18l GEOquery #c4-4, \ GEO ¥4/t % (http://www.ncbi.nlm.nih.gov/geo/) F #% T 5 M HAE K HUAE RNA
I BOHE AH ¢ 1) $dE (GSES 7065 A GSE134347). GSE57065 BUiE4E6) & 82 MKEEREAS . 25 M IEHKE
AULRFEMmKREE, ZEIEED GLP570 V- &12ft. GSE134347 HRE L5 156 I ikERE B35 1 83
AN IEFFEA, H GPL17586 1 G #2 4k tb ok, JATIE M GEO £di 2 F 3, T scRNA-seq £ £ (GSE167363),
HAaE 4 MIREEREREAA 2 N IEH A

2.2. ERSHT

FIF limma B0 7 Bk BERE 2 42 h 0 I Bk BE A 5 1B W 4L 2 AP AE 2 e RIA I SE IR . R RIS I
IR R 38 B UE 15 52 2 [logaFoldChangeFC|>1 H. P <0.05. HIk, AT Eif i e n 2= 73N, [/ T ggplot2
WA AR AT ZE S A AT A5
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2.3. FEZEER

7E MSigDB ##fi farr, LL “Hti” VRN RBIA BT IR, DIESREUS BEILAERHIALE] . R, iz
P Perb R 3R T SR LIRS N R SRS, A Venn BLERER 5 R MEE LA 5% i 36 ] 2L A
FFAEH ggplot2 1045 Venn 7341 B 45 R BEAT AT AL R o

24. BRSO

f§H 1 Clusterprofiler ¥ {615 5l EAT 1 B K 44K (gene ontology, GO)7r#TFl KEGG & &7 #r. [
RARGHTE—FE DI ThEEE 51, BIEAYILFE (biological processes, BP). 4l il ik 7 (cellular compo-
nents, CC)F1/3¥ HjhE(molecular functions, MF). Kk, f#FH KEGG 43 Hr >k Tl 52 £ FE D5 v] g 15 K (R AL i)
AP RERE o KEGG A& — N V28 FH BEAR B, f76if 7 554 ARDisst . i Mg aE s oc s B
P {E/IT 0.05 BAAHA G E X

2.5. &SN A K% D EE

M T glmnet BT LASSO 2047, %W et A R/ S8 SR 3E RLZ I fid  G IR, AT HH H
KEEFER[11]. T XGBoost Gl LightGBM AT HLES S 2] /b BATRERS AR Ak 70 A sXUbh 32T+ 55
%, KSR ERAO R R, RESTIA NIHE I TNPERE[12]. A FORAE ARSI g AR &, R4S
SEFL RN AR AR B o TER ML 22 S B 2 /1, R B AR BE AL 7 NI 2R (70%) RIS IEAE (30%) » IR,
{8l Shapviz 0.8 AT FL Ak 52 A i BERE 3E R FRIRFAE s AT /R B AN REAE X AL AR 2 S BB s o 2%, Jaid
PR R G AT IR th T 5 e EEIE A OC 1) G Ba BE A

2.6. BREEICEEEIRH9E S1IE

SR FH BRLAR B A 22 735 1 3 R B V0 T R D5 B8 B ST T Bk BRE IR AL IR . LUk, BT 2 R
153 4T IR 25 SRA T SRR EEAR OGS WA . SR)5, A pROC BT 21X ¥ TAERHE it Z(receiver
operating characteristic, ROC) 73T,  DAVFAL %12 Witht B0 ik 230 B O PO &R . ok, AKICR i As &
MZAZ SR B 547, LR T2 WA 5 1 PRARFAE A IR BEAE 2 [A] PR G &R o

27. ERKERSH

GSEA J&— T MSigDB £ P v % 2 3 R S e g 5 B DR R B30 (1) A A 7 i o 103 i & d s A
F GSEA E /7 Wifi(https://www.gsea-msigdb.org/gsea/downloads.jsp) F %%, GSEA 4.4.0(v)3AF S8 i A Sk i3k
ATHI[13] I XS AR EEREFE AR IE WA AT GSEA 08T, A1 TIRAL LR v] 82 5 Bk EEE 20w AL
HII AR A% o I 2 B 5 1000 (RIEEDR, FRATTIRTS T FRifEAL & 45 73 $ (enrichment score, ES), Ff
PEEfh T T ES M E K. c2.cp. kegg. v7.4.575 . GMT “IEREY A T4 GSEA 8T, Wiz
RIEERT P {A/NT 0.05, WA ZEER A 5% B M. A2 (false detection rate, FDR)/M T 0.05
WA N EA Gk 8 L.
2.8. RIERIEAIH

7£ IOBR ¥, SR T cibersort 772K T JE N A I 1% o 22 Fh b e AN 25 . X P72
I DR 38 B o 4 i s 70 PR 86 P B0 o LIk, A ESTIMATE J7 kit S e e AR REAS 4, BAidE—
RGBS . (T Wilcoxon FRANKL S K 73 b7 ik B A 28 25 A8 15 1E 5 AR 22 T) B 928 12 Vi 7K ST A
TME 25 . Hk, KRR 7 s 20 M T R 5 M EE e AH JG KR DR 2 TRl R AH Se
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2.9. BLMpAKIELNES ST

AW E T 4 BN IAER 5 AR [ GSE167363 1 2 AN IE W FEA 48 Seurat #4455 5140 RNA
TP B AT AR . 155, i Object() PR BRI EE Seurat XF % . H K, f#H merge() B &£ 1 Seurat
Mo TR B R FRIA TS AT A, AFFFRE TR =ARdE: 1) BT
e AR L I/D T 25000 . 2) AN AR 2 PR EGE B OR T 200 N H BT 5000 4. 3) 2Rk AR
LN T 10%.

HIR, M T NormalizeData() bR HON LA E I AT 1 bR b 38 235, {8/ 1 FindVariableFeatures()
BRBORTH R A S N . ok, T RunPCAO)BREEET M b, AT 50 A 32y 1T
BHRoHr. R, /7T FindNeighbors()B& A FindClusters()BR Hik AT 204, Hk, 8 A% Wk
RIS . IB1% ] T3k E CellMarker (http:/xteam.xbio.top/CellMarker/index.jsp) 1 CellMarker2.0
(http://bio-bigdata.hrbmu.edu.cn/CellMarker/index.html) i) 40 i b5 1c 38 D] 1) 32 222 2 4048 gk AT V8. M3 A
AUCell FETHE A RNA 7 5 Bk A DG I B R IR 1 & S 0, FR48 A AN A AH G40 A 6t
M5y 5 MR 5 22 T (AR G . HVR, fd ] monocle FL3EAT S4B 728 734 [14]. )5, {#H CellChat
AL AT A IEAS T . CellChat FXAFELH FAIMUE BT, ‘B REWSIE T F 4l RNA I 7 £ e 4
F3 AT 44 6 [ (1 38 TR 28 [ 151 o

2.10. SKPEB SR RRSEER NS H

XA Y L PR R AT 1 SN 8 B0 A R A T S SR . ST RNA $2 B 7 & (Dakewe, China)fg
U RNA. ffi ] TaKaRa ¥ %% 5% 5 & 55 I BT & (TaKaRa, Japan)ifAT ¥ 3. I/ Vazyme [
SYBR Green i¥fi #% 5% 5 & i 5% [ N AR 5 (Vazyme, China)itt {7 52 il #5 5% B A B 6E [ N . S256 5 5 ik
7= ¥ K : DGKA: 5’-CGGACCTACCACAGCCTAAC F11 3°-CCCACAGTCACACTCAGGAC;
GP9: 5-TGCGACCACAGATACTCAGG #l 3’-CTGAACGCAGGCTATTGTTGG; p-Wzh&EMH: 5-
CTTCGCGGGCGACGAT #1 3~ ATAGGAATCCTTCTGACCCATGC .

2.11. it srn

P BIAME B2 M GE T M A R4.3.2 WA EAT . S0 DU + FriEZE(SD) R U2 IEL,
H I8 ORI I AT BB o R B R @A A B AT M R b . B, AR BN Z AR
R ENA DN E 12 WIMKEAE RS T A 5. PE < 0.05 BOAA RA G 28 .

3. &R
3.1, BEERIFHE

N TR S MEEREA SR G R TR bR, AW 7 F T MIMIC-TV i 122 7 14,811 44 ik EEE 238 I 70k
W% 1 Fras, AR ZET Bk 350 R 0 [ b A 1 EE A (NR) AN i ity S5 BsS 8) (PT) 8 v, 17 % o 07 F
B KPP (GCS) UK. W 2 fiow, TERRERE BT, (ERE RIS TR Lt B RO i
R DR (1 SBT3 B S R A6 T i R A A B B o 1T BT AR B VA (SOFA) . SR B s
(AKD). E4fiTE(WBC). UK. INR F1 PT, {HERH) pH . ZIIKILAE S E(PAO). A 5 bhr. &
. . JREMAUMELEE . AT BRIE LR, AB TR 7R 111 AIEESS
M . BT FOREE SR, INR A PT J2& H W7 ik sgie A8 2 70 A Be IR 5 JE T2 1) SR B R FE bR o PRI, 3RAT
FHE T I EERE 10 2B R R 5 L ] 25 D) AH O o
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Table 1. Demographic and baseline characteristics of sepsis patients in our hospital

F 1. KIRRSESFENADFHIE

447 N =61 TN =50 OR ek  Bfkr{E
G 77.0 [69.0; 84.0] 71.5 [56.5; 84.0] 0.97 [0.95; 1.00] 0.049 0.173
P51 0.670
e 23 (37.7%) 16 (32.0%) Ref. Ref.
L 38 (62.3%) 34 (68.0%) 1.28 [0.58; 2.87] 0.540
R R ER 9.93 (3.43) 7.78 (4.09) 0.86 [0.78; 0.95] 0.005 0.004
75 B VAL 9.07 (0.65) 8.90 (0.95) 0.76 [0.46; 1.27] 0.293 0.300
S E T 0.89 (1.36) 1.16 (1.53) 1.14[0.88; 1.49] 0.317 0.324
SEAR BNk o I 97 1.000
No 51 (83.6%) 41 (82.0%) Ref. Ref.
Yes 10 (16.4%) 9 (18.0%) 1.12 [0.40; 3.07] 0.825
SR 1.000
No 28 (45.9%) 23 (46.0%) Ref. Ref.
Yes 33 (54.1%) 27 (54.0%) 1.00 [0.47; 2.13] 0.992
B PR 0.533
No 47 (77.0%) 35 (70.0%) Ref. Ref.
Yes 14 (23.0%) 15 (30.0%) 1.43 [0.61; 3.41] 0.411
ABE TR 7.34 (0.14) 7.29 (0.17) 0.12[0.01; 1.42] 0.092 0.097
Bk 42 5 & 101 (43.6) 89.4 (53.6) 0.99 [0.99; 1.00] 0.205 0.214
RS E 23.3 (6.84) 22.2 (7.56) 0.98 [0.93; 1.03] 0.449 0.458
SE]; ) 15.1 (6.84) 15.9 (10.6) 1.01 [0.97; 1.06] 0.636 0.653
Rt 104 (8.32) 105 (11.9) 1.02 [0.98; 1.06] 0.346 0.365
JULET 183 (162) 202 (165) 1.00 [1.00; 1.00] 0.541 0.544
HEl FrpnEAL LA 1.23 (0.29) 1.43 (0.59) 3.18 [1.07; 9.46] 0.037 0.029
I/ 222 (149) 195 (134) 1.00 [1.00; 1.00] 0.327 0.322
Tk 1L 158 Ji o 1) 153 (2.71) 17.0 (5.14) 1.13 [1.01; 1.27] 0.035 0.029
LA 3.75 (0.90) 3.85(0.94) 1.13 [0.75; 1.71] 0.550 0.555
PR 27.6 (64.2) 25.5 (60.8) 1.00 [0.99; 1.01] 0.860 0.861
AR A 352 (8.42) 35.9 (9.14) 1.01 [0.97; 1.06] 0.637 0.643
Table 2. Demographic and baseline characteristics of sepsis patients from the MIMIC-IV database
= 2. KRB MIMIC-1V BB ERRSREEE A OFHHE
447 N =13103 AETZ N = 1708 OR BB EMAPE
G 65.0 [55.0; 76.0] 71.0 [60.0; 81.0] 1.02 [1.02; 1.03] <0.001 <0.001
itliion <0.001
S 5174 (39.5%) 758 (44.4%) Ref. Ref.
% 7929 (60.5%) 950 (55.6%) 0.82 [0.74; 0.91] <0.001
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M h A B ik R 14.1 (2.56) 14.1 (2.26) 1.00 [0.98; 1.01] 0.628 0.595
@k =S Vg 3.51 (1.80) 4.10 (2.22) 1.16 [1.13; 1.18] <0.001 <0.001
S 1.38 (1.02) 2.02 (0.98) 1.94 [1.83;2.05] <0.001 <0.001
st AR Bk O L <0.001
No 8756 (66.8%) 1328 (77.8%) Ref. Ref.
Yes 4347 (33.2%) 380 (22.2%) 0.58 [0.51; 0.65] 0.000
o 1L <0.001
No 7878 (60.1%) 1195 (70.0%) Ref. Ref.
Yes 5225 (39.9%) 513 (30.0%) 0.65 [0.58; 0.72] <0.001
RS 0.137
No 8922 (68.1%) 1194 (69.9%) Ref. Ref.
Yes 4181 (31.9%) 514 (30.1%) 0.92 [0.82; 1.02] 0.129
AB TR 7.32 (0.09) 7.29 (0.13) 0.09 [0.06; 0.15] <0.001 <0.001
Bk A 53 88.8 (58.6) 73.3 (60.3) 0.99 [0.99; 1.00] <0.001 <0.001
TR SR 23.0 (5.17) 22.1 (6.58) 0.97 [0.96; 0.98] <0.001 <0.001
SEN)) 10.8 (6.59) 12.5 (10.7) 1.03 [1.02; 1.03] <0.001 <0.001
e 103 (6.31) 101 (7.56) 0.97 [0.96; 0.97] <0.001 <0.001
JULF 1.13 (1.00) 1.37 (1.10) 1.19 [1.14; 1.23] <0.001 <0.001
] Brb A A 1.31 (0.50) 1.52 (0.77) 1.63 [1.52; 1.76] <0.001 <0.001
I/ 174 (96.4) 179 (114) 1.00 [1.00; 1.00] 0.068 0.109
5 110 15 S5 1) 14.4 (5.12) 16.6 (8.13) 1.05 [1.04; 1.06] <0.001 <0.001
FaRat)iol 2.93 (0.61) 2.81(0.73) 0.75 [0.69; 0.81] <0.001 <0.001
JRE 35.8 (57.8) 24.3 (47.2) 0.99 [0.99; 0.99] <0.001 <0.001
AR 26.0 (6.26) 25.5(7.32) 0.99 [0.98; 1.00] 0.003 0.009

3.2. BREAEPZ AR X EE RIIRE

AT SRE S S A 5 I FE R, FRATTTE MSigDB #4 /2 (https://www.gsea-msigdb.org/gsea/msigdb/index.jsp)
PR BN ZH, RIS TS S EIAESC @ B C Mt MR SR g ). Hik, R
AL EHE e b T 8 1 5 0 0 A S PR R R SO, B ARAS T 281 AN I sE AR OC B R . A
TARIUS MRERAEAH G B R, FRATTAE e B ohE 204 48 v o0 IR B IE FE AN R IE W AR A REAT T 2 R0 thr, €
BIEA P <0.05 f1 FC > 1.5, %, HiE T 2819 AN SHEREA IR (1523 A LA ZE A 1296 AR
WL (B 1(A))e AT KRB ERAE H B 8 AR DG BE R, FRATS FH 4 ST 29 A SR R L 58 A 28 4 8 [l (&
1(B)).

33. XEEEERIH

N T RASZEIEN W] RE S 5 IREIE T LE LA, BT D AL SR IE AT 1 & SR i o A2 B RE D5 1
IXEERL DR 5 MR L b BRI MBS &S GOSN TN 4
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Coagulation -related genes  Sepsis-related differential genes
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Figure 1. Acquisition of coagulation genes in sepsis. (A) Volcano plot of sepsis-related differential genes in GSE57065; (B)
Venn diagrams related to sepsis-associated differential genes and coagulation

1. BREEREMERMIKEIER . (A) GSE57065 HIEE T SRSERXNESERNALE; (B) SHREEHE=X
ESEFE &R M X% EE

JSEHUSE S A R A 0 o B T S AR AR SR (P 2(A)) o FEANMLE S T7 T, IX BEFEDR 12 53R G 40 WOk
FNZH AT XA (3 WA TIURE « J3- WAV « IML/INKR. o UKL . FEVEL L 200 ff0 SR V) 6 23« 4 P 0 L 2 P9 V.
AN DI A AR DX 7 LA R 5 BEUAH 5% ) o i RO AT 2R 2(B))e 50 T INREAR IR AR Y], X
SEIE DR A AMA ST RE R KRN &« AMERG SRR B2 REYE . SR T IhaE. AMERY
C3b &5 BKWEMATENSS & CD4A 2RSS & I H il e i 1k DA S AR K TR 7 52 AR 45 5 S5 R ()
2(C)).KEGG £ R TR, IR EERE A B2 5 e AR GEIR AR e AR I /)N B T B 3 A% (RS R il 2% FEK B v
MNEGEAL S G & . Fe (A 7S RIS S0 RS0 SN2 A TN C EER
ZARE S T M2 A5 5@ A VEGF 15 5@ B &% 7 EZ/ER (K 2(D)).

response to stress- [ vesicle
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Figure 2. Enrichment analysis of intersection genes. (A)~(C) The GO results were presented in a bubble chart; (D) Bubble
charts related to KEGG results
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3.4. R EIER

N T R R WL o DK B FH ) g AL DT, FRAT AR A Y LASSO 43 7 A0 3 24 HE 7 43 #T (X GBoost
Hl LightGBM)K ik L 8 5 K. 14 3(A), [ 3(B) iR, ik LASSO /i i 1 12 NER . & Z Mk
JF i, MAPK14. DGKA F1 GP9 1] §& 2 Tl W ifi i (1) =5 BLEE R (14 3(C), [ 3(D)) N T EE—A
T LS AF O ) R AL, FRA TR GHAT T AR B 2 B s B R m 9 7 i . 4% 3 oR, DGKA Fl GP9
FEWCIRE k4% T EBAR R . ok, ARIEZ A EZEEESIER, TATME T —A 5 NMUiaE B AH
LW (IS W = 3.836*GP9 — 8.422*DGKA + 41.763). 9 7 #E— R F 2 Wikl 5 1 PR A 1E A1
WO HLAE Z TR (R 26 2R, FRATDS I PRAFAE A2 Wi AR R AT 1 ICE (R B AR S B a3 70 M. 6 4 SR, SRR A
WAL 2 OUAE ) B LT K 3 . Hoik, 2B M R0, AR ANS WY iT AVE A K2R AE 1Y)
ST T R 2

Table 3. Connection between important genes and sepsis

3. KREESKRSEZEHX R

FRHIE ISE AR R T EZ3 Vil
EEAE EE P{i EEAE EE P i
MAPK 14 107 2544877.450 (0.147~43931396978163.400)  0.083
DGKA 107 0.001 (0.000~0.019) <0.001 0 (0.000~0.020) <0.001
GP9 107 21.405 (5.271~86.922) <0.001 46.363 (2.986~719.772) 0.006
Table 4. Connection between Diagnostic model and clinical features and sepsis
4. GETER S n REHE M BREE 2 [B] 89 KB
FHIE BS¥i4 AR AT €23 Vil
B L P{H EefE EE P 1A
WA B[R] 107 0.927 (0.543~1.581) 0.780
4 531 107 1.500 (0.594~3.788) 0.391
R 107 3.343 (1.351~8.270) 0.009 3.734 (1.440~9.660) 0.007
LW 107 1.144 (1.005~1.302) 0.042 1.168 (1.015~1.344) 0.031
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Figure 3. Machine learning was used to screen important genes. (A) (B) LASSO regression algorithm; (C) (D) Bar charts
showing the importance exclusion analysis results of the XGBoost algorithm and the LightGBM algorithm in sequence

E 3. RBANBZIBAFEHEEERE. (A) (B) LASSO EYVAFE; (C) (D) HHKEMXRIRT XGBoost HiEM
LightGBM B AR EZE M HIBR S AR
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3.5. SHHERBTAMHE

N T RIFCZAZ WL B B 2N e, BATHHT 7 ROC 24T, GP9 1Rk EHIEREA 1 R IE &
B, M DGKA TEMK B EREA T ) Rk BRI 4(A) B 4(C)). ROC 3 Hr4s R, %2 Wi A% ik
BPIE A BRI RI TR (AUC: 0.984) (] 4(B)). Hik, GSE134347 H 54/ ROC 7 Hr s LR, %
TR IR RE B AT R A A TI0I RUR (AUC: 0.988) (K] 4(D)).
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Figure 4. The diagnostic value of the model. (A)~(C) In GSE57065, the expression status of key genes, the ROC curve analysis
result graph and the DCA result graph are respectively presented; (D)~(F) In GSE134347, the expression status of key genes,
the ROC curve analysis result graph and the DCA result graph are respectively presented

& 4. {=2BH9IZHEIINME. (A)~(C) £ GSE57065 #iE&ESR, FRIRTR T X BEFEWFRILIKESE ROC ML STHTLER;
(D)~(F) 7£ GSE134347 ##E&E+, DHRRT X BEEMNFTEIRES K ROC ML THTER

3.6. Gene Set Enrichment Analysis (GSEA)

R T HE 0 e X AR R DR TE R BE A E I 2 SOB TE D RE, FRATIEAT T GSEA 74T GSEA 25
F W, DGKA TEREHE TPt 1 A i /AL s B A1 T 4 M 52 4415 5 I8 ER (1 5(A), K] 5(B)). @& 5(C)~(F)
Fi7R, GP9 FERKFHIE FPEHE T 254 i (5 3R p450 i H. LUk, GPY X T 4244415 5@ B (s m
T PA A B R AL 1) B 40 M 32 A4 5 0 s B H0 AR A

3.7. MERERESH

AR ERY, RBMRIEMSEERRAE R RSP EEEEEM16]. B, #id CIBERSORT
1 ESTIMATE J5i, BATHIR 1 MEE S Rz M &, LKA N 5 5 i 2 TR % &R
K 6(A)BR, BT B E RS IEW AT ELRE, UM, CD4 i21ZiE4 T 400 BARZ 4. MO
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Figure 5. GSEA of the hub gene. (A) (B) GSEA of DGKA; (C)~(F) GSEA of GP9
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Figure 6. Immune infiltration analysis and immune-related score analysis. (A) 22 immune cells from normal and sepsis sam-
ples in GSE5706; (B) The relationship between sepsis and stromal score, immune score, and estimates score; (C) The relation-
ship between the diagnostic model and stromal score, immune score, and estimates score

6. REREAIMRGEEEXITNI T (A) GSE57065 HREH K E IESHAFIRBRER AN 22 MEELHHM; (B)
REESERTS . REESFEIHESZENXER; (C) SHRESERITS . RRITFSMEIHTES ZEHXR
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3.8. FYNpREIEALIE

N TR FEAIE 5 R A 18 15 2, AT GEO HdE e P kL 1 4 MR BRAEREA AN 2 AN IEHFE
AN RNA W7 (scRNA-seq) Bl . R4 iR IERebrt, FRATRAITFMD T 21,568 N4, H s
13,425 AR A RREREFE AR AR 8143 AR E IEHFEARTIANM . 75481 £ S 7 BT (PCA) & B A& R4
UIWaRr

HAMRRRMAE R SR, Fraaag s 36 M, FEuE v 5 MBI 4IH(T 40/, NK 40/, T
AR, AL AN SOIRZAD) (B 7(A), L 7(B))e B 7(O)RHH, BREFREREAMIIEH FEA AL AIX 4 Fhk
RUIAHA, (AEEFRR R LG 2 RIR K, X R EERERE AN IE PR Z AR . B T(D)ER T
SAMAHR AP SRR R EE . 1K 8(A), Kl 8(B)FRY], DGKA FHEAEPLE T 41l . GPY FEpAifE
Bz (E 8(C), Kl 8(D)).

SHAE R TR, RIS B AR RGN R PRI T 40 ) DA K Hh R A
SN B 2 1) A B AR F AR A5 B 4 AR s (B 9(A), T 9(B)). ] 9(C) 7R 1 40 i) b 7 52 1) 52 A -
BeAxto KH Moncle2 HiEFAT VRS (A3 4T, DARZE CAREAMRII 7. B 9D), K 9E)ER, X
S 2 PR 4% B = ANELR I AT 4. T Z0ARFN B AR R A5 40 M 1 40 A B T T oAb i . b —Fh
5 E AR A B AT SR AR, T 53—l 3 T A SRODR 2 LR A 4 PR AL i
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Figure 7. (A)~(C) They were respectively cell clustering, cell annotation results graphs, and bar graphs of the proportion of
each cell type in normal and sepsis samples; (D) Bubble plot of cell-related marker genes
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Figure 8. Distribution of key genes
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Figure 9. Cell communication analysis and quasi-temporal analysis. (A) (B) The connection between cells; (C) The receptor-
embryo-body pairs involved in the connection between each type of cell; (D) (E) The differentiation status of cells

E 9. @@ AERES . (A) (B) MIEZERERIER; (C) 25 SMMMAR Z BERRZ K - FE -
MWRES; (D) (B) BRI SIRTS
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3.9. SELGLEE

NTHAE DGKA F1 GP9 7E IE & HAVRIBRBEA L b Rk, BATHAT 75t @ s R4
B HE S B3 & 10(A)~(D)IZE SR 7R, DGKA fEMEERE 2R R IE 7K AUK, T GP9 7E ik Eg s 2H
U RIE AP S
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Figure 10. Experimental verification of the combination and role of DGKA and GP9 in normal tissues and septic tissues. (A)
(B) The results of qRT-PCR analysis for DGKA and GP9 were respectively

& 10. 3f DGKA 1 GP9 fEIE B4HAFRRBE A hER REE X RHILIWIIE. (A) (B) 73IRRT DGKA 1 GP9
B qRT-PCR S HR4ER

4. +1ig

FRF A — O AE SR IS HH T ) G 2 87 B AR , AR 2 SBOR AL TR [17]. RAS WA I EE ST
AKE TR B, ARSI I R R A GE T R B MR 18] [19]. BRIk, S@id 45 & I PR A AL Al e
B Sk 4 THTBF 20 PG RE R PO R LR, ok T R BR[O i R 37 LA B . AR Ui 3 4ok A 3t
AR £ PR 5 LA B J B A e, R ILBE AR 25 46b% PT R INR 50k 29 5 3 76 2 ot P BB 11
WA e o TR 2 0 SR ), st R A 1 3o A5 e B U680 AT S PR BR ZE 18 T RV 77 R AR
BN R HE B A BERE R SR I DC B TR 2200 [21]0 RIBE, HE— B HR 2 MR v AL AT A - R 2
R 7 e 2 B

B, FEABFTE, FIF T GEO M PE i S 1 4 R 4 RNA WIS EAT 22 407, L3k
T 2819 S IKERREAR ML . K, A MSigDB Hdit e th3KIR T 281 AN 55 AR R R . kIR 43
B2, e sEAE BRI ) FE0E S8 ANSTHEIEIR . SRR, S 7 R TUI e M 4 DR 7 ik 7 50 4 o 1 44
BU, AT MR SRR AT T B AT . AT R ], X e s SRR R E 5 5 4 R 408
oo BRI Th S IR 12

K, ATEM LASSO Wikt T 12 AN SIKEHRAR AL E . tesb, @i wEMHER T, %
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WHFIEIRTG T = A GRREREA SRR . ik, FRATIE I B AR B fN 2 A0 B8 4R [ A 0 A i e T S S5
BEAEAH K IUAX AL K (DGKA #1 GPY), JFEET 2 BWHEEIAMTIER, W 7 — A 5KEEE2 i
KB . ROC 73 M4 SRR I, BN IR B i B B A i &kRe, o — Bt iE sk 77X —
g

T H S o(DGKA) & — FhAets 19 H i BB A0 B IR R, AT 755 IR o2 AR 1 g [22], &2 DGK
FEFE MR IR T . AR E T, DGKA fERRBEREREA A I RIEKCFRAK, SLI6 45 R ARIE
ST X SR, AR, 7EMRET AT TN DGKA AT B, B RE R BUR AR R, e AN SR
4RI T [23]. DGKA MYBERS 15 FAS B T M KB, ILRERERRIL Lek, 330 DAG [ FEFI R
FRTE L B A o PRI, BT DAHE BT B DGKA A2 088 G V6 7 1) B BRI o, S8 % B, d i i ok 54 i) DGKA,
T ZHAAN NK 41 ()35 P Re 15 2 G 58, S Jo b B 1R AR RE A3 LTI [24]. DGKA RIS NEER(PA) A
A5 ERE  WEPRIA  HCEERE AN AR P 50 2 DIAR O, T ELIE R AE (2 a0 N SIS 21 248 i P 48 I R I A 0800 77 Tf
RIEAEH[25]. #2, DGKA SEtimyLH#A 5%,

BEEE A IX /AR (GP9) A — FAZLE T AL/ 2R THI ¥ /N B REORE 2 1 o AR 72 1) 40 i 45 R BH, GP9
TERREHERE AP RERIR G, LIRS RWIEL TiX—45 8. GP9. GP1BA Ml GP1BB MR 1 FHAHN
i o ZFARLEAHE(BSS), LA IR T 3 4t GPIb-IX-V E &YW I, 3 HA ¢ BBS @ k601 GP9
RAZRALWI[26]. GPY AI LLE M ML M I AW R F-(VWE) 24K, A5 VWEF ARHHE I /MR -5 1 2
B, IFAE 5 /NI AR O () R IR R PR B A E A [27]. #diE, GP9 ] LAY GP1b-IX-V FIBUE
55 I LT A AL R 3 A IR AR (28] F B /RBENIAL IS5 SRR, GPY Rk /KPR T s A AT B3 e i il
IH ARG T S0 1 BE M it 1 JXURS: T LK If /MR A AR REMR (291 X6 BE T 8 K 50 R W, GP9
BRI BE I £ 2 HISRAL T A28 BBS I tH PR, 3X W] LAE B GP ZE ML /INSCAE B LA TR BT il et
R R T EEAEM[30]. AWIFILR, GPY TEMUIAE K2 W A EZAER[31]. Kk, FRATATLL
HEWT HH GP9 5 W ifiL ik w0k I 2 2 DI AH G

Xf DGKA F1 GP9 [f] GSEA 7p#ra& M, T 4HMSZR(E 5 imes 5 FEAE ke OC. AR R R,
TCR BAVEZH L 2 o (ML 52 AR (S 5 5 S5 5) TH858R([32]. TCR &7 feilid 5 5 K M0 1) 32 A A AR
FHR 20 1E MATLHI[33]. &2 DGKA F1 GP9 W] feif i 115 TCR A1 5 i B o i 5 i AH SSHL -

G IR AT A5 SRR 0, WUMRE 5 2% 40 . T 40, B 40P, WEER R4t i Al ih MR 4l R 0% . 1X
LE A B OB UE 55 5 WCIURE %5 VI AH 99 [34]-[38]. H40 A RNA /7 145 R B7R, DGKA = Z4E 78 3 4 i Fl
NK 4, 17 GP9 FEAFAE TR gu o b . 4HM0 IS R 25 R, EMUMAE S, NK 4/, T Z8HF0
AN S R A2 DIAE DG . Ak, EMCIURER 70, A PR RE 4T M 55 6 L 1) DG B U AR BIE 52 [39] . [
b, g% 4 D 5 S ILRE P9 6% AL 1) 28 LT AH 9

SR, FATIBFARAE — 2 RRYE. E5E, FATEBEMFEARER R, AT ZEET KRR
WERATIIR RS 1. Hox, FRATEE VUG B0 P38 T SIREFAEA R B, AT EE R 2
B RIIE . =, HTIRATERR IS SR IR, AW 50 TEIE SR BTRAT TR B ik 25 A 1
WP . RS AAEIX SR R, AR FOE R RAG T SIEEREA SCHRIE 2 W 2L . B ASHT 0 A Wb
HEYI LK — A5 MERRE AR OC (@ B AL o A SRR T 5 B — 2D UF X e T, VR N T IR 250 vk
IR LENLAE o

5. &t

M2, BT IR o A AYE B, A A T — M AR IREEE ISR, 2R A
BN EYIFR EYI(DGKA F1 GP9). 525645 FAESL T DGKA F GP9 1E ik #iE H  iA s i .
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