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Abstract

Gene set analysis is a new concept and method to
analyze and interpret microarray gene expression data
and tries to extract biological meaning from gene
expression data at gene set level rather than at gene
level. Compared with methods which select a few tens
or hundreds of genes before gene ontology and pathway
analysis, gene set analysis identifies important gene
ontology terms and pathways more consistently and
performs well even in gene expression data sets with
minimal or moderate gene expression changes.
Moreover, gene set analysis is useful for comparing
multiple gene expression data sets dealing with similar
biological questions. This review briefly summarizes
the rationale behind the gene set analysis and
introduces several algorithms and tools now available

for gene set analysis.
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2. From gene sets to Biological
Meaning (FCS or GSEA)

1. From individual genes to
Biological Meaning (ORA)

Define group of genes a priori
(Testable hypcﬁthesis)

Select individual genes
4

Identify groups of related genes Identify significant gene sets
!

Biological interpretation Biological interpretation

J8 1. Two approaches in microarray analysis and
interpretation
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H 1. Comparison of Gene Set Analysis Softwares

PAGE GSEA FErmineJ MEGO Catmap T-profiler
Used Statistics Fold Change Rank P-value Fold change P-value T-statistic
Statistical test Jtest permutation permutation permutation ftest
(sample) (gene) (sample, gene)

Speed Fast Slow Moderate Fast Slow Fast

Standalone software YES YES YES YES YES NO

GUI NO YES YES YES NO NO

Web server YES NO NO NO NO NO

Organism HMRY H M H. M, R H H Y

GO GO GO GO GO GO

Gene Sets Pathways Pathways Pathways Pathways Pathways Pathways
Chromosomes Chromosomei Chromosomes Chromosomes Chromosomes Chromosomes

AAEe] WEo] AL FolXuk YAHA HElsh= (gene permutation) H'H -2 WHE T, AlF ] F 79
AL HETh o5 159 4 WHES gene set AghS 2] e BHE, 9 34 3 SHgene set) WO
enrichment analysis(GSEA)2} ™= &} 31t} UE FAAEY] FGT7t comelations Hol& %,
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microarray platform Sol| A M & zpol7} Yok I = NEAQ] 212 GSEAE HEPW A JFdA AlF
7 $23 SHOZ AMElE B E8o) tisl &4 3l= Molecular Signature Database (MolSigDb,
A3 AFEHH, ZF 842 D3 gene set) o] EAIZ & http://www.broad mit.edu/gsea/msigdb/msigdb_index html
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= o WS 421 <=Y(gene permutation) s} A F 3) transcriptional regulatory elements, 4) coregulated gene
TH(sample permutation) ©]E A F 7IX| & A FEH sets A W] 7HK] HEE UrolA kst 544
tk AlS 4=Y(sample permutation)- microarray data set 3t (gene set)S A Fst7 ik 28T of# st F&A}
o] A Esample)ES YO|E vt} YHE(EE 1,000 A doleuo] e o8] A7 A3yt BeraA o
H ) dolH AYEEFH 13 gEg g £ & Oekely ZHE] A Aotk

2 AMgshet), A8 BA B4lo] 7Hsek vk, UA FAA A E4(gene set analysis) 3+ gene
4= o] ) AlF(FHol 87)) o147t Qlojokit vt 9l expression GlolE{olAl Q3 MESh  ojw|g}
= AR A8 gene set)y S Frobd 5 91, IE AlLlo] pathway S Br&{ul= o] §-8&& & ol 22 74
Bol del& v 7 dvk i, f-33F &€ E T AR U8 HoHES v, AEsHE b

ST A2
Korea Genome Orgonizcﬁon?



I

% f-&3itk Microarray & 0|43 Aol A of 2 <
TR 247158 AENY AT BARE F
s M2 o)

3
o
s
1
s
=
oft
o
o
e
s
2
B
rl

ey
0,
2
il

0,
o
e
o
N
N
o

-

L

i

P

o

i

M 1

W, 18 ARl AF 71s e A
HAR L, ol TAHES F53]
125 o]Foix] grt” I, 2 A
T3l= A2 o2 microarray ) ©]
, A2 R3E (gene set) ol A
P -2 7ol M JiE R4
Hoh I 52 AHde #ET
)70 ol Az T dolEdA
=83 st A 7 FER
(gene set) ol A o F&alA =

WA ke i Wshe 24 A
s A9, A A Q] =AW
T 3A Aol7} g1 el IR A
) gF F-2(gene set analysis)S- meta-analysis 9} T 20
ME TE o] microarray HO|HEZRE FEH
2 zpo] v AETH onlE Fojule dl 9o

s T S
Z89 ¥4 Wiol @ & Aok

112
o2
>

H—‘
1%
il
o
X

1)

1 o

FT{ 2 re

41 @ g o
O

il e @ o Mt oM Lo ok

v}

o o o &
=

g
RIowe Ry o

ol

r{r o M2

2

=

)

=

E
{d
30, o
o

MR Y
2L
)
il
(¢

=2
E= o Jo 1]
o
_OJ_I‘
rir
=
o =

e B U
i
s
al

¢

v

Exp1, Exp2: Two identical experiments except cells (different batches of primary celis)

Exp1 Exp2

Gene Level
*IFC}>2 & p < 0.05
Gene Set Level
*JZ score| > 2

18 2. Comparison of multiple data sets: Gene
level vs. Gene Set level
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