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A gene pathway enrichment method based on improved TF-IDF algorithm
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Information, Ministry of Agriculture and Rural Affairs of the People's Republic of China, Shanghai 201306, China

Abstract: A gene pathway enrichment method (GIGSEA method) that comprehensively considers the local and global
information of the pathways is proposed. The gene interaction data are used to calculate the gene impact based on the local
importance of the gene in the pathway and its global specificity in the pathway database. Then the obtained gene impact is
fused with the phenotypic correlation value to calculate enrichment score, and statistically significant pathways are identified
by permutating gene. GIGSEA is applied to the data sets of hepatocellular carcinoma and colorectal cancer for the enrichment
of risk pathways. Compared with the gene set enrichment analysis method, GIGSEA method can enrich some new related
pathways and exclude irrelevant pathways, which improves the enrichment effect of disease-associated pathways.
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TR 15 14 2% 553 7 S VM ASE 50 00 3¢ 9 1 L A1) 4
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F196.99% , # B GIGSEA 2= 57 3 % 11 73 25 M B[R] A
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CRC %¥la 5 1 & 4R 45 R an3R 3 i, Rp Ak fy
26 />3 1%, 10 75 GIGSEA F1 GSEA ) i % 3 1% .
GSEA &4 1 20 453 % , GIGSEA & % 1 23 43 1%,
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Table 1 Enrichment results of two methods in HCC dataset

H Pl &1 P2 2
Fatty Acid Metabolism 0.0000 1 0.0010 6
Glycolysis Gluconeogenesis 0.0000 2 0.0010 7
Arginine and Proline Metabolism 0.0000 3 0.0020 8
Graft Versus Host Disease 0.0000 4 0.002 1 9
Jak Stat Signaling Pathway* 0.0000 5 0.062 4 40
Histidine Metabolism 0.0000 6 0.0021 10
Starch and Sucrose Metabolism 0.0000 7 0.0040 11
Peroxisome* 0.0000 8 0.1236 88
Drug Metabolism Other Enzymes 0.0010 9 0.0040 12

Pyruvate Metabolism

Cysteine and Methionine Metabolism*
Spliceosome

Proximal Tubule Bicarbonate Reclamation
Nicotinate and Nicotinamide Metabolism
Cell Cycle

Pyrimidine Metabolism

Base Excision Repair

Nitrogen Metabolism

Intestinal Immune Network for Iga Production
Alanine Aspartate and Glutamate Metabolism
Dna Replication

Autoimmune Thyroid Disease

Retinol Metabolism

Drug Metabolism Cytochrome P450
Complement and Coagulation Cascades
Allograft Rejection

Valine Leucine and Isoleucine Degradation
Glycine Serine and Threonine Metabolism
Tryptophan Metabolism

Hematopoietic Cell Lineage”

Progesterone Mediated Oocyte Maturation”
Glyoxylate and Dicarboxylate Metabolism*

Vasopressin Regulated Water Reabsorption®

0.0010 10 0.0050 13

0.0010 11 0.0909 56
0.001'1 12 0.0000 1
0.0020 13 0.0000 2

0.0030 14 0.0227 22

0.0030 15 0.0000 4
0.0030 16 0.0010 5
0.0030 17 0.0051 14
0.0040 18 0.0093 15
0.0110 19 0.0120 16

0.0110 20 0.0130 17
0.0111 21 0.0131 18
0.0120 22 0.0152 19
0.0120 23 0.0227 21
0.0134 24 0.0258 23
0.0259 25 0.0339 26
0.0353 26 0.044 5 27
0.0370 27 0.0451 28
0.0381 28 0.0467 29
0.0478 29 0.0498 30
0.6000 99 0.0000 3
0.0622 50 0.0180 20
0.092 1 78 0.0328 24

0.0786 74 0.0333 25

P 1 M HES 179 GIGSEA & 4 HY 0 3m B AY P AN PAEHESS s P 2 S HES 2 0 GSEA B4E
PR3 B Y PR PAEHESS o * 9 GIGSEA B 25 53l 6 3 #9 GSEA Fh 22 538 %

A 1 1ML 2% BK 38 4% (Complement and Coagulation
Cascades) . JJT% 75 9 i % (Prion Diseases ) . I i i
(Asthma) | B = Il % % % & &R 48 i@ #% (Renin
Angiotensin System) , ‘B {1/ HE 4 £ GIGSEA H1#{ A
—E M4

SCHRRS 2 B 7R BR 1 9 i 18 6, GIGSEA F 22 5 1

A8 5 CRC A — & BEK &R . Kanaan 57 & B3
g e = eSS I wR i S TR ) = g S g = A ]
Fascin-1, Z 5% UL 4 CRC B & & ; SHUE M
CRC A Lt , 1238 ¥ 1) 8 4 58 R 22 ] A AR 3 22 385
PERR WIS CRCIE T AR AL K778
RS 0 5 S 38 A 5% . Tremblay 552 & #H E-ik
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Table 2 Comparison of the differential pathways in HCC dataset

GIGSEA

Jak Stat Signaling Pathway 205 0.0000  0.0968 1.1122
Peroxisome 144 0.0000  0.0063 2.1748

Cysteine and Methionine Metabolism 37 0.0010 0.0572 14291
SERME 129 0.0003  0.0535 1.5720

0.9954
0.9861
0.9951
0.9922

&3 CRCHEBETRMTENERER

Table 3 Enrichment results of two methods in CRC dataset

Proximal Tubule Bicarbonate Reclamation 0.0000 1 0.002 1 5

Nitrogen Metabolism 0.0012 3 0.0079 9

Axon Guidance 0.006 0 5 0.0460 19

Inositol Phosphate Metabolism 0.0115 7 0.0000 2

MapkSignaling Pathway 0.0138 9 0.0012 4

GnrhSignaling Pathway 0.0164 11 0.0279 16

Phosphatidylinositol Signaling System 0.0189 13 0.0480 20

Calcium Signaling Pathway 0.0244 15 0.0331 17

VegfSignaling Pathway 0.028 1 17 0.0110 12

Prion Diseases™ 0.0332 19 0.3231 56

Maturity Onset Diabetes of The Young 0.0346 21 0.0453 18

B Cell Receptor Signaling Pathway 0.0464 23 0.0083 10

Fc Gamma R-Mediated Phagocytosis* 0.1013 42 0.0000 3

PAE 1 XHEA 1 0 GIGSEA 5 45 W (08 B 14 PAE I PAEHES ; P18 2 J2 44 2 9 GSEA & 4
B0 TE B Y AT PAEHEA o * 9 GIGSEA B 25 538 1% s # 9 GSEA (125 5
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PR 0k 25 195 A0 PR TS 25 fih % p38 AL ERK MAP %
it ) TS L DT O S A M AR O, SO )2
44 RS B A 45 B AR LG A5 | it 9 3 W Bk
PEIE (14 S0 p38 F ERK MAP SRR o 45 1 s 40
i 45 PN R SR 5 . Matilda 252 % B 4 MAC R 1L
S % 2 5 R A 33 B L Sk R £ S
2 & C Sz W 4 [ (C-reactive Protein, CRP) CRC
B FET PO . 40 o 5 & H (Cellular Prion
Protein, PrPc) j&—F 4 g 3% 11 25 (1, B o 2 38 %
() PRNP JE K 4 152", Ong 2528 % i PrPe 19 3 F ik
A BB 5 T P R AR - Ak T G R 7 U3 5 CRC
WA A, Chen PR BT K IME EKKE R

G5 30440 590 B4 4 FH 5 CRC AU FHAE T R FEAR A 56 , 1%
¥ 9 3 28 S 56 F B B 2 45 55 5 2% R e 0 o 3R £
FRLE B A I —4F , CRC XU B 6%

[ b, 38 3 Pubmed 45 Al SVM AU 73 Ak 55
TIE 22 538 5 CRC Z [A] A G, S5 SR W& 4 i .
GIGSEA 2 7 il % 1% AH 5C SCHR 25 it 19 416 Ry 55, 1M
GSEA }j 34; GSEA [ P /NT GIGSEA, Fifil 71
1% 22 57 18 i#%F- 2] FDR F1 | NES [#84% 3 ; GIGSEA f°F
¥ AUC B 5 /5 T GSEA, 43 1 1 91.32% £11 85.67%,
% W] GIGSEA 1) 2= 5 38 % 1 73 & P RE UL T GSEA.
254575 1%, GIGSEA 11 22 53 [f 5 CRC W AH G HE L
GSEA B,

4 CRCHIEEEFBIBILERITEL
Table 4 Comparison of the differential pathwaysin CRC dataset

Ik 2 593 it SCHRE R PAH FDR INES| AUC
GIGSEA Regulation of Actin Cytoskeleton 220 0.0010 02160 1.5788  0.8170
Leukocyte Transendothelial Migration 12 0.0181 02149 1.6165 09738

Complement and Coagulation Cascades 12 0.0292  0.2265 1.5556  0.9679

Prion Diseases 7 0.0332  0.2009 1.5206  0.9952

Asthma 16 0.0333  0.2473  1.6363  0.7274

Renin Angiotensin System 61 0.0441 0.1952 15198 0.9976

SEE 55 0.0265 0.2168 1.5713 09132

GSEA Fc Epsilon Ri Signaling Pathway 14 0.0066 0.2232  1.6557 0.7762
Fc Gamma R-Mediated Phagocytosis 3 0.0000 0.2427 1.6089 0.9952

Gap Junction 86 0.0091 0.2023 1.5292  0.7988

THE 34 0.0052 02227 1.5979  0.8567

23 EFEBEREE S TR

97 5] GIGSEA #E 71 5 5 427007, A
ST SSMAEZI K 1 — IMEL A LA i v 4 03
BT B I 38, SSM AE 2 2 Java £l 2% JT & 403, Spring .
Spring MVC #l MyBatis HE 2 (1) 45 5 . A< ffF 5% F1) 1]
bootstrap-tablejs ZH R 23w A2 73 B 45 SR e DI
ATLAX & ARG R T HE Y R EDRE(E2).

A5 H] ] EChartsjs 28 1) 56 5 Bk i 47 L [
T AT LA QR 3 R 38 L s R
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Pathway es nes pval fdr geneset_size matched_size
kegg_type_i_diabetes_mellitus -0.575 -2.048 0.000 0.002 43 36
kegg_ribosome -0.516 -2.077 0.000 0.003 88 73
kegg_graft_versus_host_disease -0.579 -1.920 0.000 0.009 41 28
kegg_n_glycan_biosynthesis 0.537 1.963 0.000 0.023 46 24
kegg_neuroactive_ligand_receptor_interaction -0.393 -1.799 0.000 0.032 272 185
kegg_asthma -0.543 -1.734 0.003 0.039 30 24
kegg_allograft_rejection -0.534 -1.742 0.005 0.043 37 28
kegg_cell_adhesion_molecules_cams -0.422 -1.758 0.000 0.044 133 92
kegg_systemic_lupus_erythematosus -0.452 -1.653 0.004 0.064 139 43
kegg_calcium_signaling_pathway -0.369 -1.643 0.001 0.064 178 145
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Figure 2 Enrichment result display interface
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Figure 3 Partial schematic diagram of Echart visualized pathways
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