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Gene Set and Pathway Analysis of Microarray Data
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Gene Set and Pathway Analysis of Microarray Data

Outline

+ Existing GO and Pathway Analysis Tools

» Disadvantages of Over-Representation Analysis (ORA)

+ Gene Set Analysis or Functional Class Scoring (FCS)

*  PAGE (Parametric Analysis of Gene Set Enrichment)

+  Comparison of Current Gene Set Analysis Tools

Interpretation of Microarray Data

. gone sclection:
clustering Hest, ANOVA. ...

Raw Data

List of a few hundred genes

Funclional annotation, pathway analysis.

l

identity coregulated genes or samples

Evolution history of GO-based functional analysis software

001 2002

GoSarft, ¢GOn*

Kl & Osaghici, 2005, Bisinfosmstics

i

Review of GO analysis tools: statistical model
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Review of GO analysis tools: user interface
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Existing pathway analysis software
ORA (Over-Representation Analysis)

T e T T T T S ]
i o =
[PPSR it tvrimpos N - fuscsvewirenr iy P .
ot frevr ey ool - [PPSOV oo poru P Contingency Table
ot o e -'Ja':;'.‘ - o——————— T count genes
e v GG it mrttaaseis  Gosrenery 08 WINGO S~
pr— Fromen mmrinn mecre ) e Wt e g 1oi term in set E} pvalie
o v v e ™ RO o N ™
prvdely
comsn [ w0 (SRR i - - - ox10%2
e S - P - countgeres ¥ bzs ] o
- = S w [ — w without GO )
. v o wls 50 re——— - term in set Fisher's exact test
[ praiopiapyingirese g W ety ek 0 Booa ] | btz or x°-square test
it priry v
Ot 0, e, b S, 86 W g Pt e P Ot T -
i T i = e o1 countin sst Countin reference
rariss o traia s o, ot et - (e.g. differentially set (e.g. all genes
O a% g et T expressed genes) on array)
.
Curlts ot at, X005, Trands Biotech.
O sz
i X Problem 1. Arbitrary Cut-off
Problems of Over-Representation Analysis (ORA) .
Hypothetical example Cut-off: log2(FC)| > 1, p-value < 0.05
Arbitrary Cut-off (or threshold) Gene FC(log2) | P-value (~test) | Selected?
Genel 3 0.001 Yes
. . Gene2 0.02 0.98 tio
Actual values are ignored after gene selfection Gomed ) 2.049 Yos
- Gened 0.99 0.002 No
Geneb 1.01 0.051 No
*Many small changed, but important genes are ignored. Geneb 42 0.05t No
@ zrrrae ’ s s ]

Problem 2: Actual values are ignored after selection
Problem 3: If No or Few genes pass selection?

Gene FC {lop2) P-vatue {#test)

Genel 3 0.001

Gene2 'l .02 No genes to input into statistical test.
Gened 101 0,049

Gened 3.99 0.06002

GeneS +01 0.01 Data mining becomes impossibte.
Gened - 4.2 0.00001

Gene, Gene2, Gene3. Gened, Gene’, Gene6... AS USER INPUT

@ zarvanse
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Gene Set Enrichment Analysis

Compare two experimental groups at the leve! of pre-defined gene
sets rather than individual genes

Biological change often occurs by co-regulation of related genes

By examining groups of genes, GSEA often detects biological
changes that were hidden at individual gene level.

GSEA is especially useful when individual gene expression
changes are minimal or moderate.

First introduced by Mootha et al. (2003), Nat. Genet.

@ narannsy

GSEA: procedures
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GSEA with 149 gene sets

Mootha el al, 2003
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PAGE: Parametric Analysis of Gene set Enrichment

Kim and Votsky, 2005, BMC Bicinformatics

O e

Enrichment Score (ES) vs. Z score

ES

N: totai genes

Z score

zox-n

o2

X: Mean of test statistica of a gene set G

N (tolai genes in a microarray)'s

G: ne;\e set

x,w\/’-’:z

X\ A
<N

wax 3ox.

veran e

W
mean of test stalistics

& poputation’s standard deviation divided by
$quare root of the size of a gene set

Test statstic: told change, t-value, S2N value...

[24 cuznsixz o8
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“PAGE is a parametric version of GSEA”

Comparison of PAGE with GSEA

PAGE

1. Collect gene sets

2. Calculate test statistic by

PAGE GSEA y y
expression difference
Nature of sialistical test Parametric Statistical Test Nonparametric Statisticel Test
test statistic fold change, cormrelation coefficient etc. Rank of genes 3, Calculate Z score for
Resutt Zscore Enrichment Score eéch gene sets
g Di i Norma! Calculated from permutation of data set ﬁ
Computation Ti Fast Slow i
" b " 4. Evaluate significance of Z
Sensitivity Sensitive Less sensitive scores against Standard
Normal distribution
O ST e
Mootha et al. 2003, Nat. Gen.
@ TRIIANIE
“Is PAGE statistically well-based?” “Yes” Distribution Pattern of Microarray Data

Statistical Background of PAGE

Central Limit Theorem:

“The distribution of an average tends to be Normal, even when the
distribution from which the average is computed is decidedly non-
Normal.”

-,

| 2

1

t¥
S
e

113

s
. Kaimogorov-Smimov Normakty Test
4o Hy? Drstribution i3 Normal

D=008 pvake <2.20-10

=> Mon-Normat N

o

Kokmogorov-Smimov Normahty Test
ey Doatbution is Normal

D= 00239, p-vatue = 0.1783

=> Normal

”"

[

@ rarrrmnry @z
Simulation
Comparison of PAGE with GSEA
Hypothetical data set of 20 samples (10 controls vs. 10 treatment)
PAGE GSEA with 2,000 genes generated.

Gene Set Zacore  pyave  Gene Set ES pvatue
OXPHOS_HGAITIIA 1D5835 < $OE-11  OXPHOS_HGU1I 88027 0003 10 Treatment Samples 10 Controls
Moman_mitaDE_8_2002_HG-133A £T23 LHIEAT  human_muioDE_8 2002 HG-UT33A 2150424 0001 g
imtactvonas_W-U133A L4761 TAEA1 mitochonar_HG-UTIIA 200 me aoar 20 ] SRnumun
MASO0ISO_Oudotme,_pronchonyiebon 45745 AT9EDS c20_1L433 101580 0082 0 £ 78 04l i 1
U 37451 0.0007 MAPOOIS0_Oxriive_phospbotadon (649081 0.084 L
5 um 27617 000M 22 UTF 1426008 0028 1,980
&1 43y SANE O0M? e A3y 134T BN

PAGE is statistically more sensitive than GSEA

20 from rnorm, then + @
1.980 from rnorm

2.000 from rnorm

O urmrmy
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Simulation study comparing PAGE with GSEA

PAGE GSEA

Mean Difirence  Zxcom  pvakue ES pvelus
222816 128.54 0.001

©.95 B8.80E-18 152.8663 0.601
0.8 . 0 112,362 0.001
0.85 7.338 2.18E-13  123.268 0.003
0.8 6.706 2.01E-11 138.0922 0.001
078 5.232 1.88E~07 127.3383 0.001
0.7 3 198006 0.00%
0.65 86.73470 0.00t
08 138.2022 0.00t
0.55 41.20655 0.014
cs 79.599 0.002
0.45 20.00025 0.138
0.4 60.70428 0.003
.28 23.71889 0.0538
0.3 3.318628 0.7628

.25 3216 0.0013 7.939799 0.413
0.2 1.408 0.459131 250088  0.0675
0.13 1.7t 0087081 0
0.4 0.753  0.45145 9.04534

O zxzrrnnsy

Application of PAGE to different Affymetrix probe level analysis methods

MASS MBE Ama
Gene Set Zacompaive  Gene 3ot 2scospualue Gene Set Zscorepvahn
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ieonan Mcteaom 20608 G0N0 taxicwsde MRt 2407 0OV GwmpmewertAcwwon Clesen 1T 0003
N ] TUTSE  GOMD IGF bdnbguieoSutwey 2DV OWSD Necestte Meisboie 2507 noew
I Cascrcn. 2T 400 e ettt NP0 DM GPOMCwmARokmanie  LNGT 00w
Tronsiaten facton. 2224 Dm0 UK Camase S 0007 MK Cascate 210a e
Koowe. TCA Cycte DU ST Probeasse Segeadeton I8 00D wrawTCA Cpel Fee  oomt
Garcogen Metstomen: 33 COOE  AresTCACyel 24T 0032 Mutmeeene Cogestonon sz emom
Prosseome ugyacemn 378 QWD Oheogen Messlen AW C00M wyewgen Mecatmien oM 000
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Comparison of PAGE results from data sets produced using different microarrsy platforms
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Comparison of two microarray data sets at gene set level
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Comparison of multiple data sets: Gene level vs. Gene Set level

Expt, Exp2: Two itentical sxpsriments except cells {different batches of primary celis)

Exp1 Exp2
Gene Level
FCI>28p<008 (9+9)/(162+201) = 5%
Gene Set Level
o . =136
2 score; > 2 186 [08) 166 (98+98)/(284+264)=36%

Conclusion |
1.PAGE is statistically more sensitive than GSEA
2 PAGE is easier and faster to compute than GSEA

3.PAGE produces consistent resuit over multiple platforms and
data preprocessing methods
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ADGO: Analysis of Differentially Expressed Gene
Sets Using Composite GO Annotation
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A AME ; Recent Works S (Functional Class Scoring) Methods
O ot o e Pavidis, P. et &l.. 2002, Pac. Symp. Biocomput. 474485
Moctha et al., 2003, Nat. Gen. 34: 267-273
Breslin et al., 2004, BMC Bioinformatics, 5. 193" => Catmap
— = N = s . Ai-Shahrour et al., 2005, Bioinformatics, 21: 2988-93
Gone List | Tu et al., 2005, Biotechniques, 2: 277-83 => MEGO
: Kim & Volsky, 2005, BMC Bioinformatics, 6. 144 => PAGE, GAzer
L o ! Boorsman et al., 2005, Nuc. Acids Res., 33 => T-Profiler
; = i Tian et al., 2005, PNAS, 38: 135449
- o ; Subramanian et al., 2005, PNAS, 38: 15545-50 => GSEA
i £ ; Lee et al., 2005, BMC Bioinformatics, 6: 269 => ErmineJ
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