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Supplementary Figure 1 High PCA-scoring datasets yielded larger differentially expressed gene (DEG)
sets than low-scoring datasets

The dataset E-MEXP-933 had a PCA score of zero and yielded 69 DEGs. The dataset Breast CD44 GSE7513
had a PCA score of 0.93 and yielded 1278 DEGs. Genes were selected using LIMMA [51], with false discovery
rate < 0.05 and fold change > 2.
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Supplementary Figure 2 Percentage overlap matrix of DEG sets selected from 18 datasets
DEGs for each dataset was selected using LIMMA, with FDR < 0.05 and FC >2. An entry in the upper (lower)

triangle of the overlap matrix is the ratio of the number of common genes to number of genes in DEG sets of

corresponding dataset in the top row (column on left).
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Supplementary Figure 3 Two-way hierarchical clusters of 18 datasets in IGA and GSEA
Top, in GSEA, dataset represented by NESs of 152 most significantly enriched/ depleted molecular signatures

(nominal p< 0.05 by GSEA algorithm). Bottom, in IGA, dataset represented by log2-ratios of 152 genes with

the highest variance across datasets. Clustering was based on Pearson correlation of log2-ratios in IGA and

NESs in GSEA (Methods).
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Supplementary Figure 4 Heatmap for18 datasets against 398 genes selected from 152 signatures
The 398 genes are the highest occurrence frequency (top 5%) genes in the 152 signatures used in the heatmap

of Fig. 2. Contents of the three cluster formed by the 18 datasets are identical to those in Fig. 2.
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Supplementary Figure 5 Selection of highest occurrence frequency Up-regulated genes (URGs) and
down-regulated genes (DRGs) for the three genotypes T1, T2, and T3
Genes in the PNS and NNS signatures (Fig. 5) are separately ranked by frequency of occurrence. Those having

the top 5% frequencies in PNS (NNS) are selected as URGs/DRGs. The size of URG/DRG is 83/191 for T1,
70/91 for T2, 46/95 for T3.
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Supplementary Table 1 Cluster gene sets (CGS) selected from three signature clusters in heatmap of Fig. 2.

Cluster

Gene list

Cluster 1
94 genes

CDC6,CCNA2,CDK2,CDC7,MCM3,MAD2L1,BUB1,AURKA ,MCM2,CCNB1,UBE2C,SMC1A ,HDAC2,CDK4,KIF11,DBF4,RRM1,MCM4,BI
RC5,BUB1IB,PKMYT1,CCNB2,SKP2,PCNA ,HMGB2,PLK1,CDC20,RAN,MCM6,FEN1,RAD54L,E2F1, MCMS,ESPL1,POLD1,KIAA0101,RA
D51,MCM7,TTK,CHEK1,E2F3,CDC25A,ZWINT,SSRP1,TOP2A,MYC,PRKDC,H2AFZ,CDC25C, KHDRBS1,BUB3,SMC3,KIF2C,NOLC1,RF
C4,TYMS,CENPF,NASP,POLA1,ANAPCI10,TFDP1,TIPIN,STMN1,RACGAP1,TPX2,POLE,LSM4,CDH1,EED,NCAPH,USP1,NUSAP1,CDK
6,SCARB1,NME1,SNRPA,CCT3,FBXO5,PRMT5,SMC4,CDC23,KIF22,TCP1,CCTS5,CDCAS,CCNE2,CDKN3,NEK2, TIMELESS,ERBB3,RPA
3,CCNEIL,CSEIL,C1QBP

Cluster 2
164 genes

CD44,NRP1,DAB2,PPAP2B,IL1R1,SERPINE1,COL3A1,TGFBL,PDGFRA,TPM1,THBS1,IGFBP3,COL1A2,FN1,S100A4,RRAS,VIM,CYP1B1
,LAMBI1,TIMP1,SRPX,SPARC,TIMP2,EMP3,CCL2,TNFRSF1A,GAS6,MYLK,TXNIP,ACTA2,BCL6,LUM,COL1A1,CLU,DKK3,C1S,TGFB1
,LAMCI1,CD59,MMP2,CD63,CDKN1A,GBP2,AKR1C3,COL6A1,MMP1,CYR61,CEBPD,PRSS23,B2M,DLC1,RAB31,SEMA3C,COL6A3,FTL
NNMT, TSC22D3,CTSB,MGLL,CDH11,0SMR,TRAM2,COL5A1,NRCAM,IGFBP5,PDGFRB,AKR1C1,FBN1,PLOD2,HTRA1,PMP22,FTHI,
BTG1,ITGAV,POSTN,EPS8,ADM,TSC22D1,MARCKS,COL4A1,CALD1,GABARAPL1,PDE4DIP,LMO2,LOXL2COL6A2,GPNMB,ITGAS5.H
SPB8,VEGFC,CCDC80,TRIM22,APOE, TPM2,PHLDA1,NUAKI,FAP,LPXN,IL6,ID2,NR3C1,MT1H,S100A6,ITGB5,RGL1,LOX,TAGLN,TH
BS2,TIMP3,SYNE1,SERPING1,FADS1,CDH2,SEMAS5A,LOXL1,SNAI2,CPM,EMP1,ACTN1,CD151,DCN,CCND1,GAS1,LAMB2,EPHX1,GJ
ALIL6ST,COL5A2,COL8A1,ACSL1,PCDH9,ZCCHC6,GSN,LRP1,MT1F,ANPEP,CD14,EFEMP1,ENPP2,CDH13,GEM,SMAD3,AHNAK,PA
PSS2,SAT1,ANXA1,GLIPR1,ANXAS5,SPOCK1,SHC1,ZBTB20,RAB13,RHOBTB3,TGFBR3,MAN1A1,LTBP2,ARL6IP5,IFITM3,IF116,ENG,S
TAT6,SEPP1,HLA-F,YPELS

Cluster 3
157 genes

CDH1,CLDN7,KRT18,S100P,SPINT2,CLDN4,CD24,KRT19,SCNN1A,AGR2,MAP7,GATA3,ERBB3,PPL,SLC9A3R1,CA2,TPD52,MUC1,EL
F3,VAV3,MAL2,KRTS8,S0X4,GRB7,LAMB3,SLPLMYB,SSH3,LAMC2,PKP3,TJP3,FXYD3,CLU,AQP3,TACSTD2,CLDN1,EGFR,DNAJC12,
SORL1,KRT17,TRIM29,MYOS5C,AKR1C1,FBP1,CDH3,MOSC1,PDK4,SELENBP1, MAOA MT2A,KRT15,TPD52L1,FOXA1,S100A2,LAD1,
KCNKI1,SFN,DSP,JUP,TFAP2C,KRT5,PERP,BTG1,ID2,DDR1,TFPI2,CA12,SDC4,NEBL,ANXA3,RTKN,B3GNT3,AKR1C3,SERPINBS5,FGF
R3,MT1X,RND1,KRT14,DST,MATN2,KIAA1324,KRT6B,BIK,OCLN,SFRP1,EHF,HOOK1,GPR160,MLPH,ITGB4,MMP7,ST14,MEST,AZG
P1,KRT7,GPM6B,GABRP,SOX9,F2RL1,ARHGEF5,CLGN,ARL4C,LLGL2,GALNT3,F11R,ABCG2,TGM2,AKR1C2,IGFBP2,STC1,RAPGEF
5,CECAM6,RNF43,PODXL,ETV4,NMU,LPL,LCN2,KLF5,TMEM30B,RAB25,CYB5A,SLC27A2,SYTL2,PRSS23,PHLDA1,SYT17,ANXA9,C
AMK2NI1,TFF3,SCUBE2,UCP2,BLVRB,WWC1,CNKSR1,CCND1,RHOD,ST6GAL1,ATF3,CHD7,CELSR1,HIPK2,LIMA1,MYO6,GPX3,MY
LK,RHOB,STOM,S100A 14,FLNB,SPINT1,DFNAS5, TMEM45B,MBP,TGFA ,KIAA0040,EPN3
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Supplementary Table 2 Up-regulated genes (URG) and down-regulated genes (DRG) of SC and the three
CSC genotypes T1, T2, and T3. All listed genes are top-5% in frequency of occurrence, those with asterisk at-
tached are top-1%.

Type Gene list

ANLN,ASPM,AURKA,AURKB,BIRC5,BLM,BRCA1,BUB1,CCNA2,CCNB1,CCNB2,CCND2,CCNE1,CCNE2,CC
NF,CCT5,CD24,CDC20,CDC25A,CDC6,CDC7,CDCA3,CDCAS,CDCA7,CDCA8,CDH1,CDK2,CDKN3,CENPA,CE
NPE,CENPF,CEP55,CHAF1A,CHEK1,CKS1B,CKS2,CSEIL,CYCS,DBF4,DKC1,DLGAP5,DNMT1,DTL,E2F8,ECT
2,ESPL1,EXO1,EZH2,FBXOS5,FEN1,FOXM1,GINS1,GINS2,GMNN,H2AFX ,H2AFZ,HAT1,HDAC2, HELLS,HMGA
1,HMGB2,HMMR,HNRNPA2B1,HNRNPAB,HNRNPD,HNRNPU,ILF2 KIF11,KIF14,KIF15,KIF18B,KIF22,KIF23,
SC-URG KIF2CKIF4A KIFCI,KNTC1,KPNA2,LBR,LIGI,LMNBI,MAD2L1,MCM10,MCM2,MCM3, MCM4,MCM5,MCM6
,MCM7,MELK,MKI67,MLF1IP,MSH2,MSH6,MYBL2,NASP,NCAPD2,NCAPH,NCL,NDC80,NEK2,NOLC1,NUSA
P1,PAICS,PKMYTI1,PLK1,PLK4,POLA1,POLA2,POLDI,POLE,POLE2,PRCI,PRIM1,PTTGI,RACGAP1,RAD51,R
AD51AP1,RAD54L,RAN,RANBP1,RFC2,RFC3,RFC4,RFC5,RPA1,RRM1,RRM2,SET,SMC1A,SMC2,SMC3,SMC4
,SNRPA,SNRPB,SNRPD1,SNRPE,SNRPF,SOX4,SSRP1,STMN1,TK1,TMPO,TOP2A,TOPBP1,TPX2, TTK, TYMS,U
BE2C,UBE2S,UNG,USPI,
XPO1,ZWINT

154 genes

ADM,B2M,BNIP3L,CASP4,CAV1,CCNG2,CD44,CD59,CDKNI1A,COL3A1,COL6A1,COL6A3,CYP1B1,CYR61,D
SC-DRG  AB2,DCN,DST.,EGFR,EMP3,GAS6,GLRX,IFIT3,IFITM3,IGFBP3,IGFBP5,IL1R1,IL6ST,JAK1,JAK2,LAMB1,LUM
56 genes  ,MMP1,NRP1,P4HA1,P4HA2,PDGFRA,PDGFRB,PIK3CA,PRKCA,S100A4,SERPINE1,SPARC,SRPX,STATI,STA

T2,STAT3,STAT4,STATS5A,STAT6,TGFBL, TGFBR2,THBS1,TIMP1,TIMP3,TYK2,VEGFC

BRCA1,BUB1B,BUB3*,CCNA2,CCT5,CDC23,CDC25A,CDC25C,CDC6*,CDC7,CDK2* CDK4,CHAF1A,CHEK 1,

DCP2,DEK,DKC1,DNAJCY,DNMT1,DUT,E2F1,ESPL1,FEN1,H2AFZ* HAT1,HDAC1,HDAC2,HMGB2,ILF2,ILF3,
TI-URG  KHDRBSI1*,LMNB1,LMNB2,LSM4,MAD2L1,MCM2* MCM3* MCM4,MCM5* MCM6,MCM7,MSH2* NASP* N
17%+66  CL NONO,PCNA,PLK4,POLA1,POLDI,POLE,PPP1CC,PRKDC,RAD21,RAD23A RAD51,RAD54L RBMX,RFC3,
genes  REC4* RPA1,RRM1*,SERBP1,SET,SKP2,SMC1A* SMC3* SNRPA* SNRPA1,SNRPB,SNRPD1,SNRPD3,SNRPE*

,SNRPG,SRPK1,SSBP1,SSRP1,TARS,TCP1,TFDP1,TMPO,TOP2A,USP1* ZWINT

A2M* ABCA1,ABCC3,ABCG1,ABHD4,ACTA2,ACTN1,ADCY7,ADM,AEBP1, AHNAK,AIF1, AKR1C1*,AKR1C3
LANXA2,ANXA4,ANXAS5,APOE* APP,AQP3,ATP1B1,AXL,BCL6* BMP1,BTG1,BTG2,C1QB,C1S,CAPG*,CASP
1,CCL2,CCL5,CD14,CD24*,CD44*,CD59*,CD63,CD9*,CDH11,CDKN1A,CBPD*,CFD,CHI3L1,CLU*,CNN1,CRIP
1*,CRYAB*,CTSB*,CTSD,CTSH,CTSS*,CXCL12,CYP1B1,DAB2* DAPK1,DDR1,DHRS3* DKK3,DLC1,DUSPI,
ECM1,EFEMP1,EGFR,EMP1,EPAS]1,EPHX1,FN1* FOS,GABARAPL1,GALC,GAS6*,GATM,GBP1,GBP2*,GJA1,
GLRX*,GM2A,GPNMB,GPX3,GSN,HISTIH2AC,HIST2H2BE HLA-E, HLA-F, HMOX1,HSPB8 HTRA1*,ID2* IER

T1-DRG
39% + 152 3,IF116,IFITM2,IGFBP5,IL13RA1,ILIR1*,I1L.32,IL6,IRF7,ITGAM,ITGB2* ,ITGB5* JUNB,KRT19,KRT7,LAMBIL,L
genes AMP2,LGALS1,LGALS3BP* LILRB2,LITAF,LMO2,LST1,LTBP2,MAOA* MAP3K8 MGLL . MMP1 MMP7MT1H

MT2AMUCILMVPMYLY)MYLK* MYO1F,NAGK,NCF2,NEDD9,NFKBIA NNMT,NPC2,NRCAM,NRP1* PBX1
* PDE4DIP,PHLDA1,PLA2G4A,PLAU* PLAUR,PLOD2,PLTP,PMP22,PPAP2A PPAP2B* PPT1,PSAP* PSMB9,R
BP1,RGL1,RHOB,RIN3,RRAS,S100A13,S100A4,S100A6,SAT1*,SCG2,SELL,SEMA3B,SEPP1,SERPINE1,SH3BG
RL3,SO0CS3,SOD2,SORBS1,SOX4,SPARC,SPINT2,SPP1,SRPX,STOM,TAGLN,TCIRG1,TCN2* TGFB1,TGFB2,T
GFBI,TGFBR2,THBS1,TIMP1* TIMP2, TMEM127,TPP1,TRIM22,TSC22D3* TXNIP* , VCAM1,VCL,VEGFC,VIM,
VWE,YPEL5

AD-
AM12,AKAP12,ANKH,BGN,CCL2,CD99,CDH11*,CFH,COL18A1,COL1A2,COL3A1*,COL4A1,COL6A1,CSF1,C
T2-URG  YPIBIY,

15*% + 55 DAB2,DCN*DPT,DPYSL2,EFEMP2,ETSI,ETV1,ETVS5,EVI2A F2R, FBN1* FNL,FYN,GRB10,HLA-G,HSD11B1,H
TRA1* IGFBP3* IGFBP4* IGFBP6,INSIG1, KCNAB1,LAPTMS5,LOXL2, MMP2* NDN,NFIX,NID1,NRP1,OLFML3
,PCDH9,PCOLCE,PDGFRA* PDGFRB,PHF17,PIK3R1,PLAT,PLXND1,PMP22* POSTN* RASA3,S100A4,SATBI,
SERPINH1,SH2B3*,SLC6A6,SPARC,TCN2,TGFBL,THBS2,TIMP2* TRIB2,TWIST1, VIM* WNT5A

genes

AGR2,AIM1,ANK3,AQP3,ARHGEF5,ATP1B1,AZGP1,B3GNT3,BIK,BLNK,CD24*,CD9,CDH1*,CDH3,CEACAM
6,CLDN4,CLDN7*,CLU,CRABP2,CXADR,CYBSA,DSC2,DSG2,DSG3,DSP* EHF, ELF3,EPN3,EPPK1,ERBB3* F1
T2-DRG  1R*,FOXA1,FXYD3* GALNT3,GTA3,GMDS,GRB7,HOOK1,IRF6,IRX5,ITGB6,JUP,KIAA0040,KRT14* KRT15,K
18*+73  RT17,KRT18*KRT19* KRT5,KRT6B,KRT7,KRT8* KRT8P11,LAD1,LAMB3,LAMC2,LLGL2,MAP7*MUC1* M
genes YB,MYO5C,MYO6,0CLN* PERP,PKP3,PPL,PTPRF,S100A14,S100A8,S100P*,SCNN1A* ,SFN,SFRP1,SLC9A3RI1,
SLPI,SOX4,SPINT1,SPINT2*,SSH3,ST14,TACSTD2,TFAP2C,TJP2,TJP3,TMEM30B,
TPD52* TPD52L1,TRPS1, TSPAN1,VAV3 WWCl1

AADAC,ABCA1* ACOX2,ACP5,AGR2* AKR1C1* AKR1C2,AKR1C3,APOA1,APOC3,APOD,APOE* BAAT* BH
T3-URG  MT,CcA5A,CD14,CD74* CEBPA,CES2,CLU,CPT2,CXCL1,CXCL12,CXCL2,DGKA,DPP4,DUSP6* ETNK2,
10%+36  pADS1,FBPI, HLA-DMA,HLA-DMB,
genes  HLA-DQBI,IFI30,IGF1,MASP2,NPR1,NR1H3*,0TC,PCK1,PLTP* RBP4,RHOB,SELENBP1* TFF3,TNFAIP2




ABLIM1,AKT3,ANAPC10,ANXA1,APC,ATR,AVEN,BARDI1,BCAT1,BCL2,BCL2L1,BIRC3,BIRC5,BNIP2,BNIP3
,BRAF* BUBI,CALD1,CASP3,CAV1*,CCNA2*,CCNDI,CCNE1,CCNE2,CDC16,CDC23,CDC25B,CDC25C,CDC4
T3-DRG  2EP3,CDC6,CDK6*,CDK8,CDKN1A,CDKN1C,CENPF,CFLAR,CHEK1,CHUK,COL4A2,CRIM1,CUL1,DBF4,E2F
20*+75  3,EGFR*FLNA,FN1,FYN,GAB2*,GPX1,GRB2* GSK3B*,GSTP1,HDAC3,HDAC9,HRAS* HTATIP2,IGF1R,IKBK
genes B,ITGAV,ITGB1,KRAS* KRT7,MAD2L1, MAP2K1MAPKI MT2A,MYC,MYH9,NCK2,NRAS* PAK2 PEA15* PF
KP,PIK3CA* PIK3CB* PIK3CD,PIK3R1*,PIK3R3,PTPN11,PTPN14,RB1,SAMD4A,SHC1*,
SKP2,SOS1*,SPTBNI1,STAT1,TAX1BP1,TCF4, THBS1,TIPIN,TPM1* TUBB2A,YWHAH,ZFP161

Annotation of T1, T2 and T3 genes in Supplementary Table 2 Among the T1-URGs, CDC6* is an oncogenic
cell-cycle gene 1; MCM2*, MCM3*, MCM4, MCM5*, MCM6, and MCM?7 are marker genes for proliferation 2; and
MSH2* is a DNA repair enzyme gene 3 Among the T1-DRGs, CD44* and CD24* and markers of breast CSC * that
indicate enhanced invasive capability °; TGFBI promotes metastasis °; APOE* (when expressed) indicates enhanced
invasive and metastasis capabilities ; and FN1* indicates metastatic outgrowth *. All of the above suggest enhanced
proliferation and suppressed metastasis. Among the T2-URGs, IGFBP3* and IGFBP4* express the presence of cy-
tokines for mesenchymal stem cells 9; FBN1*, MMP2* PDGFRA*, and TWIST1 indicate EMT activity 10; VIM*
promotes cell morphogenesis during EMT " TGFBI promotes metastasis 6. and FN1 indicates metastatic outgrowth
5 Among the T2-DRGs, CDH1*, ERBB3*, KRT14*, KRT18*, KRTS5, KRT8*, MUCI1*, and OCLN* are epithelial
markers '>'°. All of these are indications of EMT activity. Among the T3-URGs, APOE* indicates enhanced inva-
sive and metastasis capabilities " ABCA1* indicates resistance to chemo drugs 16; APOE*, ABCA1*, NRI1H3*, and
PLTP* indicate cell-migration related '” cholestorol metabolism '*; AGR2* indicates tumorigenesis and induces

metastasis . Among the T3-DRGs, BRAF*, EGFR*, KRAS*, MAP2K1, and PIK3CA* induce EMT leading to

invasion ***'; KRAS* also promotes proliferations and suppresses diversification and apoptosis **; PEA15* regu-

lates cell’s invasive ability 3 The signals from T3 are mixed; together it indicates suppression of proliferation, drug
resistance, tumorigenesis, metastasis but suppression of EMT.
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Supplementary Table 3 Number of regulation related terms in the top-30 up-regulated and down-regulated
GO terms in the three CSC genotypes.

Type T1 T2 T3
Up or down regulated | Up Down Up Down | Up| Down
Number of terms 0 6 3 2 0 19
Range of —log p <7.68 | 16.7-21.0 | 7.01-7.29 | 2.99-6.48 | <2 | 18.3-28.0




