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Table 1 Fourteen pathway enrichment methods

Method Statistic Test Distribution
1 SS2/SS* F Fotma
2 MAD?/MAD? MAD Foima
3 SS2/SS F outlier removed Fotm
4 SS2/SS7* F, permutation Empirical
5 NA F, permutation Empirical
6 S-S, SD Diff, permutation Empirical
7 MAD,-MAD,  MAD Diff, permutation Empirical
8 SS28S7 F Frip
9 MADMMAD? MAD Frop
10 SS.2/SS,? F outlier removed Fripa
11 SS2/SS,? F, permutation Empirical
12 YA F, permutation Empirical
13 Si-S> SD Diff, permutation Empirical
14 MAD\-MAD,  MAD Diff, permutation Empirical
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Table 2 The comparison of correlation coefficient (Irl) distribution of gene pairs

RMA MASS.0 GCRMA FARMS DFW

The average r of all the gene pairs 0.263 0.222 0.239 0.253 0.228
The fraction of the gene pairs with [r| > 0.5 17.66% 11.68% 15.90% 16.02% 11.71%
The fraction of the gene pairs with || > 0.6 9.47% 5.63% 8.99% 8.57% 5.30%
The fraction of the gene pairs with |r|> 0.7 4.57% 2.42% 4.51% 3.96% 2.02%
The fraction of the gene pairs with || > 0.8 1.71% 0.93% 1.80% 1.36% 0.59%
The fraction of the gene pairs with || > 0.9 0.44% 0.25% 0.50% 0.26% 0.11%

b, M55 AKE DRURIRE AR A o H IR 7 22 4E
5 IUA BE 5 TR DGV AR L 23 AT TR B 5 v
RMA. MAS5.0. GCRMA. FARMS #1 DFW 5 Ff
TRALFE 7772243 AL FE GDS1650 s A $dis i 1545 51,
I CAREA RIS R R S v O 2w 2 5 02, ARG
THE PP AL B 7 V5 A 5 R IR AH G ME. 3 3
553 4 53 30 W CARE A A B R DL R A SR 45

Table 3 The correlation of v,> from the GDS1650

preprocessed by five different preprocessing methods

MASS.0 GCRMA FARMS DFW

RMA 0.3834 0.8290 0.8419 0.6089
MASS.0 0.1755 0.1525 -0.1345
GCRMA 0.8751 0.6500
FARMS 0.4588

Table 4 The correlation of v.2 from the GDS1650

preprocessed by five different preprocessing methods

MASS.0 GCRMA FARMS DFW
RMA 0.5631 0.9350 0.9172 -0.0015
MASS.0 0.5856 0.4673 0.0008
GCRMA 0.8608 -0.0004
FARMS -0.0010

(17 ZEAE A PAL 770 R AR OGHE. AN rha]
DIE H RMA AbERT S0 Bl 5 oAt JLRh 7245 21
(R AH G f5e .
2.1.2 454 GSEA Jt s 48 21 (1) 18 6 25 B VP A sk
7V

5 FhTR AL 3 7 AL B GDS1650 5 46 Kk 1551
() ¢ 15 1 Bt 23 il J GSEA T B s 400, ME
L2 R oy IR BEFEAE T IR (1Y) 40 AT, THES
ooy Ak B 75 v Ah BE T 15 4 42 GSEA 43 #T BT | 4R
PR BRI ESYER 5). AT APIR T VE T
AT EAERLL 40, K 5 KW RMA J57k5 HAh
T e

Table 5 Concordance of the 40 most enriched pathways
from the analysis of GSEA using the GDS1650

preprocessed by five different preprocessing methods

MASS.0 GCRMA FARMS DFW

RMA 0.600 0.700 0.575 0.375
MASS.0 0.600 0.375 0.300
GCRMA 0.475 0.375
FARMS 0.450
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Table 6 Number of overlapping significant pathways from
the analysis of GSEA using the GDS1650 preprocessed

by five different preprocessing methods

MASS.0 GCRMA FARMS DFW
RMA 6 13 1 1
MASS.0 5 0 1
GCRMA 1 1
0

FARMS
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Fig. 1 The variance of each pathway
between two conditions

——: Cancer; - - - : Health.
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Fig. 2 The variance of each pathway
between two conditions

—— : Cancer; - - - : Health.
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M i T AR DR AR DA 3 T A e
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169 /N3 % 71 PRI T 1R AR S P R #8477 UL
ZESt, XKWL T RN . oAt 4 FhEggvHRARE
S P 2 TR 1R AR S NG 0 DL I 8% i B 3% (http://
www.pibb.ac.cn/cn/ch/common/view_abstract.aspx?
file n0=20120410&flag=1).

L 6 T R B s T LA R A R
— LT K AR AT R BT e R R FRATTIA
NAEAN R AL T S R A S PR A A 22 5, ATk
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HYEPAE, TR 14 BOTIRRLGE.
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TIAL B R e Tk W B AT = AR A, P A
M BH J5 %84T FDR £ IE®, 0.05 2 P B ) B
fB. b T VPO TR IR B T B AR e AR AT T
M GSEA VAR, T AR OCHR, &l

169 /M % 5 Pulmonary adenocarcinoma & 77 AH <.

FHMESCHRAS 22 45 A Ak, o B AT g V20
GSEA 25 MUK AR &R 7). KT H o R
IR, b ARRMBIHEEL o REREITESS d
REFBATES, N Mas by ev d 4 DNBZH. TP
FORE AR (BUR L)/ (), TNRRFLPIPEZR (R
SO/ (b+d)s FP ANBIHYEZR b/(b+d), FN Y]
PEZ ¢/(a+e). MWERPHTLLEH, 78 TP —41 12 F
13 FEER mr, AHE eI Fr AR &, 38
SRR, BTCAJT9 120 13 ANafHL. oAby ik
1. 4. 7. 8. 9. 10. 14 Fl GSEA %545 7 JiF
Ry, FRBUREEARMS, EFTEANEURD, AT
250, FrlXee ik WA T . BA A EATIE T
R IRRBURR B RV S B AR AE — AN G BRI Bk, A
T ESERRITVE M RAR, IRER 25 UK
FURE S BE AN Fa bR . BRE 8 0k S0 PH PR 2 SR FH
PEFRZ 78, BRELRE SN T IR FE RR
FER, BRE R BOBR A g B S i I vk 1 43 R
G, 5k 1 RS e s, U TIE 113K
R

Table 7 Sensitivity and specificity of each method

Accuracy  Youden index

Method a b c d TP FP FN TN
(a+d)/N (TP-FP)

1 11 16 37 105 0.229 0.132 0.771 0.868 0.686 0.097

2 21 50 27 71 0.438 0.413 0.563 0.587 0.544 0.024

3 19 59 29 62 0.396 0.488 0.604 0.512 0.479 -0.092

4 3 0 45 121 0.063 0.000 0.938 1.000 0.734 0.063

5 22 67 26 54 0.458 0.554 0.542 0.446 0.450 -0.095

6 22 67 26 54 0.458 0.554 0.542 0.446 0.450 -0.095

7 0 0 48 121 0.000 0.000 1.000 1.000 0.716 0.000

8 0 0 48 121 0.000 0.000 1.000 1.000 0.716 0.000

9 0 0 48 121 0.000 0.000 1.000 1.000 0.716 0.000

10 0 0 48 121 0.000 0.000 1.000 1.000 0.716 0.000

11 29 45 19 76 0.604 0.372 0.396 0.628 0.621 0.232

12 47 121 1 0 0.979 1.000 0.021 0.000 0.278 -0.021

13 47 121 1 0 0.979 1.000 0.021 0.000 0.278 -0.021

14 15 27 33 94 0313 0.223 0.688 0.777 0.645 0.089
GSEA(nom-p) 9 8 39 113 0.188 0.066 0.813 0.934 0.722 0.121
GSEA(BH) 0 0 48 121 0.000 0.000 1.000 1.000 0.716 0.000

KT B0 T S TR E AR, AT ST
BRAS ZRI1) 45 B AE A bRy, XF 14 FhJ5 81 GSEA #E
1TT ROC Ze/#1, ROC Hh&k T (1FR S W 5 v

(Ko uEm e, TBUBOR R RS . R 8 o

Jiid 1 AEPTHAT e ik p el
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Table 8 Area under ROC curve of fourteen types
of methods and GSEA

Method Area under ROC curve
1 0.6347
2 0.5579
3 0.5746
4 0.6366
5 0.5927
6 0.5972
7 0.5580
8 0.5000
9 0.5000
10 0.5000
11 0.6816
12 0.6294
13 0.5958
14 0.5641
GSEA 0.6585
GSEA(nom-p) 0.6756

3 it it

AN Y P FHAL B 7 06 5 s s B K B A
RIS A IE . BREM R IE AN 0 — 1k ik, IXFE
R ECTACEE (0 25 RBHEA — S Fofi Dl 45 Fidd
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[, B S Ah AL B () 2R I8 T K I BLAE 5 1
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Bl oE A T w7
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(1) 2 5 IR 3 DR LU S 38 K T 48N SE R i B2 5
FORFER LA, WA 3B 5 e T e B R AR A
. GSEA [ JEVREUAE AR 8 I PR 5 3R 2R fAH DG 1 S 0
SEIHEATHERR, SRS A 503 BE L R AE T ) SE R AE 4
REHERK ) 3 D4 81 26 v 2 BEA LRSI 2 T AR vh A 41
RN T sl BRI, F -3 R A Sk (O 28%)

AT & R R DA NS . Bl T ket 1L
Tl 4 % 308 B 7 S 1k R e v 1 R DA A A 56 T
%, RIS AN A R TR DR R AR e v R R AR A
Jt. WFITEE R WA [ AR BN 3 i 1) A e PR P A
TEZETE. AT VRO BT (R0 T8 S 3l B e B A0 AT
JiVEH GSEA SR E AR, FATT LR R
Mk Ex 10 4% 5 Pulmonary adenocarcinoma 2 7 4H %,
NG RS R 45 A A PR UEVEO X LE T, FEFRATT
T 14 MR TR s AR A i ik h, al s
kDR RRCIG SR B ) U7 22 SS? M g it & kAT
permutation K 46G(7775 11)J2 Feid B 5L T8 Fe 1 1)
WK E RS, R R R T GSEA.

BT AR S R B R TIR AL S 4R 0)
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A Method of Pathway Enrichment Analysis Based
Gene Expression Variability”

JIA Xiao-Dong"™, CHEN Xiu-Jie"™, WU Xin?"*", XU Jian-Kai", TAN Fu-Jian",
LIU Xiang-Qiong", LIU Lei"”, YANG Rui-Zhi"
(" College of Bioinformatics Science and Technology, Harbin Medical University, Harbin 150086, China;
2 The Third Affiliated Hosptital, Harbin Medical University, Harbin 150086, China)

Abstract Current pathway enrichment method is mainly based on the gene that are differentially expressed, and
no enrichment method considers pathway variability (variance). We observed that in the phenotype of disease,
some pathways have a significant increase or decrease in variability describing appropriate statistics. Therefore, in
this article, we hypothesize that the variation of single pathway is significantly different between two phenotypes.
We designed fourteen types of statistics coupled with their test methods to analyze pathways variation and the
pathways enrichment significance between two phenotypes, and we compared the results with those obtained by
document retrieval. At the same time, the results of five different data preprocessing methods on data were
investigated. The results show that RMA is stable in the five gene expression data preprocessing methods. The
pathway variation is different between the two phenotypes. According to the literature research results, the
permutation test coupled with the variance of Euclidean distance of each gene (the eleventh method) can identify
significant pathways more efficiently than GSEA. In conclusion, pathway enrichment analysis strategy based on the
pathway variation is feasible, which could be a theoretical guideline for enrichment analysis and a new biological

insights of study in human diseases.
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