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Material

19 gene expression
microarray datasets of
six complex diseases:
Type 2 Diabetes (T2D, 3)

270 8 Jk T
Kidney Disease (KD, 3)
L qER=grs
Alzheimer’s (AD, 5)
25 BRI
Thyroid cancer (TC, 5)
T AR AR
Gaucher Disease (GD, 2)
X
Multiple Sclerosis (MS, 1)
% AR AL

Name Number of chips | PCA score | Reference
(test vs. control)
T2D blood GSE15932 8 vs. 8 0.75 -
T2D islets GSE25724 6 vs.7 0.85 (85)
T2D glomeruli GSE30122 Ovs. 13 0.94 (86)
KD small renal GSE7869 5vs.3 1
KD medium renal GSE7869 5vs.3 1 (87)
KD large renal GSE7869 3vs.3 1
AD EC GSES5281 Ovs. 11 0.91
AD HC GSES5281 8vs. 10 1
AD MTG GSES281 14 vs. 11 1 (88)
AD PC GSES528]1 9vs. 10 0.95
AD _SFG_GSES5281 12 vs. 8 |
TC FC GSE27155 13vs. 4 0.88
TC FA GSE27155 10 vs. 4 0.95
TC OA_GSE27155 7 vs. 4 1 (89)
TC OC _GSE27155 8vs. 4 1
TC AC GSE27155 4vs. 4 1
GD typel fibroblasts GSE21899 Svs. 4 1 -
GD type3 fibroblasts GSE21899 Svs. 4 1
MS blood GSE17393 8 vs.7 0.81 (90)
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Gene Set Enrichment Analysis

WBRE W o E o TAR R RS IR

" (leading edge genes (LEGs)) 1%




Rz

|* RFEERRSBEANGERNE

GOEA

B F GSEA 7 & 75 i8 E / gt
RiEY) KEGG £ 4 3hfE 4 3]

o LB R AR SBE AL AR R 00 3k Bl Fo 1B A5
o heFo ol — T A




GSEA - Gene Set Enrichment Analysis

E R £ ho'g 5

A Phenotype B S L . Leading edge subset
Classes AT 7% 5 B ﬂ “j “ Gene set S
% Correlation with Phenotype

Random Walk

\\w

Maximum deviation ~Gene List Rank
from zero provides the
enrichment score ES(S)

Subramanian A et al. PNAS 2005;102:15545-15550

©2005 by National Academy of Sciences
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Gene Set
Enrichment

P T IITTTTTT T T T IIIIIIITTIIITI | KEGG¢ C
DB .
Molecular 191 shared Three clusters Cluster-specific
GEO Signo’rtJJre I Significant (C2/C3/C4) enriched KEGG
DB (Msi MSs (SMSs) of SMSs terms for 6
Mol | disease
N/

Analysis (GSEA)

6 datasets

Two-way
clus of‘l 9
|ns

2nriched
'ms & inter-

10% I_.EGsd for 6

= .

19 datasets : similarity l
of 6 diseases: 19 lists of  ure 3)
—2| 12D, AD, KD, enriched MSs? | 1
TC, GD, MS¢ in 19 datasets "'I '
, GD, —
— Similarity e
______________________________________________________ . d e LA bk
et s e Tl
: One-way I S o |
Un|on of ClUSfenng Of I SISSSS S5 SIIIISSS V7, ¥
[ 3 (847) GUMSs | L>{ genotypes on il "I :L.' 3
NES! of 847 =l
v MSs I I — .
GUMSY lists for I S I S S IS S e e . I
8 genotypess | _____________I
\ - K T _ (~anaoac in GUSG'GSEK I
IV = i —‘| GSEA | networks
A 7] ?:j'ﬁ A (MSlg I - R aé Discard (Figure 6) I
DB) &R BERBE ) e 245 5 I =)
o "I ‘-J‘—¥ B ; C ¢ & E -
% %jan Lists Yes AN > =g I
genoty N - ¢ =13 |
specific | = I }';J %{' P i o -p
— Hiah TR D e |
I “frequency Sy |
genotype- ‘L v |
1 specific Discard Candidate
I LEGs GUSG/ l
e o e S S S B B D B EEE BN B S BN EEE BN B B B B BN B B B B B B e S e e e s e wd

aType 2 diabetes, Alzheimer's disease, kidney disease, thyroid cancer, Gaucher's disease, multiple sclerosis. “MS, molecular signature. (KEGG,
Kyoto Encyclopedia of Genes and Genomes. “LEG, leading-edge genes, as defined in GSEA. <Similarity index, see Methods. /GUMS, genotype-
unique MS. ¢8 genotypes, T2D_blood, T2D_islets, T2D_glomeruli, AD, KD, TC, GD, MS, from 16 datasets. NES, normalized enrichment score as
defined in GSEA. iGSEK, genotype-specific enriched KEGG term./GUSG, genotype-unique significant gene.
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19 lists of
enriched MSs”?

in 19 datasets

191 shared
Significant
MSs (SMSs)

Three clusters

6 datasets

Two-way

|

|

KEGG

DB

Cluster-specific

clustering of 191
SMSs against 19
datasets

or more

(C2/C3/C4) > enriched KEGG
of SMSs ‘ terms for é
disease
\___,_,/
!
1
Lists offcluster-
specific top : i
# Highly enriched
IO%dLiEGS for 6 KEGG terms & infer-
i seqase disease similarity
_ (Figure 3)
GSEA
i Caealial | ey
L] R R -“I Al PAL
S'mllorny ‘ STRCLUED L
index: — 5
U Be 3 N
"
B B &y
= " ii. = b

qype 2 diabetes, Alzheimer's disease, kidney disease, thyroid cancer, Gaucher's disease, multiple sclerosis. "MS, molecular signature. <KEGG,
Kyoto Encyclopedia of Genes and Genomes. 9LEG, leading-edge genes, as defined in GSEA. <Similarity index, see Methods. /GUMS, genotype-
unique MS. £8 genotypes, T2D_blood, T2D_islets, T2D_glomeruli, AD, KD, TC, GD, MS, from 16 datasets. “NES, normalized enrichment score as
defined in GSEA. {GSEK, genotype-specific enriched KEGG term./GUSG, genotype-unique significant gene.




1/3 NOM p-val< 0.05

191 significant molecular signatures
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Cluster 3 (41 SMSs)
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Cluster 2 (56 SMSs)
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KD medium renal

KD small_renal

ge_renal
TC_AC
TC_OC
TC OA
TC_FC
TC_FA
MS_blood

KD _lar
GD_type1 _fibroblasts
GD_type3 _fibroblasts

T2D islets

T2D_blood

AD EC
AD SFG
AD HC
AD PC

AD MTG
T2D_glomeruli
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A - KEGG terms
enriched in C2 genes. A B
Hsa00010: Glycolysis/ o ; L 0
Gluconeogenesis, _D Nl N N Bl 5
hsa00020: Citrate cycle 01 -D-Dl-i]f‘r-p-p 0 T2 g — om I T2D
1(:TCA cycle), hsa00051: o e 5

ructose and mannose L 2l A 10
metabolism, hsa00190: , 10
Oﬁ(ldai[IIVe i 201 S w7 &

osphorylation, | - 10 4 o
EsaQ 280: Valine, ’ r[ Py = e L rr "
leucine and isoleucine 20 | 1
degradation, hsa00620: 4 - ; 16 ———
Pyruvate metabolism, ol ' 201 M 101
hsa0%64110: Prﬁpa(%)gg% i 51 0
metabolism, hsa ! 0 - KD | KD 0] O — — -0 KD
BRutanoate metabolism, _20_r[ inrrrrr S I D s = I _ s ir
hsa05110: Vibrio NN N 2 -0l
cholerae infection, s & 5 € 1
h.saOS1 120: Epithelial cell 7 - " s i b
signaling 1n : _ J]_::J:] 101 , ppr=ye i 1 1 RSN
Helicobacter pylori o I:J]Pf’m"o R e @ e
infection. -20- N ——_= il
s ]

B - Hsa03420: %1 10
Nucleotide excision “1 ML R 51
repair, hsa04110: Cell o~-Dl—ﬂ-— wgw-—— 6 GD o — O _ oo
cycle, hsa04114: Oocyte 0] [ e -5 [
meiosis, hsa04120: | | @l 10
Ubiquitin mediated S . -

rotequs1?? hsa04§10: 201 N g————

nt signaling pathway, n0oo . o L -5 [
hsa04350: TG bet ° I MS MS
s1gna11n%pathway, . -20- 151
hsa05200: Pathways in o Koy eurenranrenye FYE Y
. < 3 N 0 08 2 S S o
ﬁ’éﬁcﬂag Scz(l)lsc%%z Small |+ S TS T
. AN AR R NG SR S SN

C - Hsa00240: Pyrimidine metabolism, hsa03020: RINA poiymerase, hsa03030: DNA
replicaztion, hsa03050: Proteasome, hsa04540: Gap junction, hsa05012: Parkinson's disease,
hsa05016: Huntington's disease.
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19 lists of .
gnriched MSs? I ﬁ%ﬁ:ﬁ?ﬁ#ﬁﬁi ’r}% 'J/E" f‘%ﬁ % 57\
ol i FARFEF (GUMS) » £ & 2
ZW R kR AE . ()
FRE - Bl AARRIAR
One-way ik i
Union of clustering of e Ao 2 %R IE  ENFE
| 3 (847) GUMSs L3 genotypes on —— - o
1 NES* of 847 = D & B A
1 V MSs - .' "-"
GUMSY lists for |
8 genotypess '
L]
| i > Genes in GUSG-GSEK
4€¢———— GSEA GSEKs GSEKs o networks
ird (Figure 6)
; KEGG 'T | :
[ DB : .
Lists of 1es :
genotype-
specific LEGS -
= High .
occurrence
> -frequency
genotype-
specific Discard Candidate
LEGs GUSG/

qype 2 diabetes, Alzheimer's disease, kidney disease, thyroid cancer, Gaucher's disease, multiple sclerosis. *MS, molecular signature. <(KEGG,
Kyoto Encyclopedia of Genes and Genomes. ‘LEG, leading-edge genes, as defined in GSEA. <Similarity index, see Methods. /GUMS, genotype-
unique MS. £8 genotypes, T2D_blood, T2D_islets, T2D_glomeruli, AD, KD, TC, GD, MS, from 16 datasets. “NES, normalized enrichment score as
defined in GSEA. ‘GSEK, genotype-specific enriched KEGG term./GUSG, genotype-unique significant gene.
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hsa@@e71:Fatty acid metabolism

hsaB@190:0xidative phosphorylation
hsa@@250:Alanine, aspartate and glutamate metabolism
hsa@0280:Valine, leucine and isoleucine degradation
hsa0@410:beta-Alanine metabolism
00563:Glycosylphosphatidylinositol(GPI)-anchor biosynthesis
hsa®3010:Ribosome

hsa@3020:RNA polymerase

hsa@303@:DNA replication

hsa®3040:Spliceosome

hsa@3050:Proteasome

hsa®3320:PPAR signaling pathway

hsaB4010:MAPK signaling pathway

hsa@4@12:ErbB signaling pathway

hsa@4020:Calcium signaling pathway
hsa@4060:Cytokine-cytokine receptor interaction
hsa@4062:Chemokine signaling pathway
hsa0408@:Neuroactive ligand-receptor interaction
hsa04110:Cell cycle

hsaB4115:p53 signaling pathway

hsa0421@:Apoptosis

hsa@4350:TGF-beta signaling pathway

hsa@4370:VEGF signaling pathway

hsa@4510:Focal adhesion

hsa@4512:ECM-receptor interaction

hsa@4520:Adherens junction

hsa@4530:Tight junction

hsal4549:Gap junction

hsa84620:Toll-like
hsa@4621:NOD-1like

hsa4640:

receptor signaling pathway
receptor signaling pathway
Hematopoietic cell lineage

hsa@4650:Natural killer cell mediated cytotoxicity
hsal4660:T cell receptor signaling pathway
hsa@4662:B cell receptor signaling pathway
hsa@4664:Fc epsilon RI signaling pathway
hsa@4666:Fc gamma R-mediated phagocytosis
hsal4670:Leukocyte transendothelial migration
hsaB4720:Long-term potentiation
hsa@4722:Neurotrophin signaling pathway
hsa@4810:Regulation of actin cytoskeleton
hsaB4910:Insulin signaling pathway
hsa@4912:GnRH signaling pathway
hsa@4914:Progesterone-mediated oocyte maturation
hsa@501@:Alzheimer's disease
hsa@5012:Parkinson's disease
hsa@5016:Huntington's disease
hsa@52@@:Pathways in cancer
hsa@5210:Colorectal cancer

hsa@5211:Renal cell carcinoma
hsa@5212:Pancreatic cancer
hsa@5213:Endometrial cancer

hsaB5214:Glioma

hsa@5215:Prostate cancer

hsa@5216:Thyroid cancer

hsa®5218:Melanoma

hsa@5219:Bladder cancer

hsa®5220:Chronic myeloid leukemia
hsa®5221:Acute myeloid leukemia
hsa®5222:Small cell lung cancer
hsa@5223:Non-small cell lung cancer
hsa@5340:Primary immunodeficiency
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