Table S7: List of downregulated genes from HALLMARK pathways obtained from GSEA of RNA sequencing results

after GRASLND knockdown in 501Mel cells. Striking genes related to observed phenotypes are highlighted in red.

HALLMARK Pathway

HALLMARK_ESTROGEN_RESPONSE EARLY

HALLMARK ESTROGEN_RESPONSE LATE

HALLMARK DNA REPAIR

HALLMARK FATTY_ACID_METABOLISM

HALLMARK_UV_RESPONSE_UP

HALLMARK CHOLESTEROL HOMEOSTASIS

HALLMARK GLYCOLYSIS

Downregulated genes

RBBP8, CCNDI1, FDFT1, SLC22A5, RRP12, RABI17,
KAZN, MYC, UNCI119, BAGI1, NCOR2, SLCI16Al,
SVIL, NAV2, DHCR?7, PPIF, MYBBP1A, SCARBI,
FKBP4, ITPK1, NXT1, SLC7A2, FRK, FLNB, FASN,
INPPSF, SLC1A4, ADCY1, FOXCI, ABLIMI, HESI,
FHL2, SLC7AS, SLC26A2, GREBI

RBBP8, RNASEH2A, MOCS2, CCND1, FDFTI1,
IMPA2, SLC22AS5, GALE, BAGI, NCOR2, SGKI,
SLC16A1, 1SG20, DHCR7, PPIF, SCARBI, GINS2,
FKBP4, ITPK1, SORD, NXT1, UGDH, XRCC3,
ST6GALNAC2, FRK, CDC6, FLNB, SLC1A4, FOXCI,
CKB, SLC7AS5, SLC26A2

PDE4B, CSTF3, ERCC3, TAF13, SMADS, POLRID,
ADRM1, POLR2C, POLRIC, POLR2K, NT5C3A,
MRPLA40, UPF3B, POLR2G, GTF2H3, IMPDH2,
SNAPC4, POLA1, POLB, SNAPCS, ERCC2, RFCS5,
POLR2H, APRT, POLR2J, SF3A3, PNP, SAC3DI,
LIG1, POLR2E, POLDI1, ADA, RNMT, RPA2, POLA2,
RFC2, RAE1, NUDT21, NCBP2, NME1, ZWINT,
TYMS, REV3L, POLR2F, TAF12, ALYREF, TMED2,
POLR2D, SSRP1, UMPS, RAD51, GTF2H1, FENI,
PCNA, RALA, PRIM1, GTF2A2, RFC3, RFC4

UROD, IDH3B, CRYZ, PDHA1, HCCS, HPGD,
MDH2, CPOX, DHCR24, HADH, HSPH1, SDHD, MIF,
METAPI1, ACO2, HMGCSI1, ERP29, ADSL, ACAT2,
UROS, APEX1, ME1, NTHL1, ECHS1, SLC22A5,
CBR1, ALDH9AI1, ALDOA, SMS, IDI1, GCDH,
HSP90AAL, MDHI, ACSL1, RDH11, FH, ECII,
HSDL2, PRDX6, SUCLG1, UGDH, GLUL, MIX23,
FASN, IDH1, LDHA, ODCI1, H2AZl

SPR, POLR2H, SLC6A8, CHKA, PDAP1, CASP3,
GRPEL1, RAB27A, CNP, E2F5, EIF5, TARS1, IGFBP2,
TGFBRAP1, ALDOA, ARRB2, HNRNPU, SIGMARI,
PPIF, DDX21, NUPS58, ATP6V1C1, CTSV, AMDI,
SOD2, H2AX, FKBP4, FEN1, CCNE1, CEBPG, STIP1,
EIF2S3, ASNS, RFC4, TFRC, CHRNAS, PPAT, CDK2

ACTG1, HMGCSI1, ACAT2, ERRFIl, CHKA, HMGCR,
FDFTI1, CBS, MVD, CYP51Al, FDPS, IDI1, LGMN,
SQLE, DHCR7, ANXAS, PLSCR1, FASN, TMEM97,
LGALS3, SCD, JAGI

AK4, MDH2, HMMR, MIF, RARS1, VEGFA, CENPA,
CLNG6, HSPAS, EROIA, SLC25A13, ME1, TPIl, CTH,
GLCE, AKRIAIL, PPIA, PYGB, GOT2, GALE, CYBSA,
CACNALH, TXN, RRAGD, ALDH9AI, SDC3,



HALLMARK REACTIVE OXYGEN_SPECIES PATHWAY

HALLMARK_UNFOLDED_PROTEIN_RESPONSE

HALLMARK _MTORC1_SIGNALING

HALLMARK G2M CHECKPOINT

ALDOA, CHST6, AURKA, MDHI1, ABCB6, PYGL,
1SG20, SLC37A4, CDKI1, GFPT1, ENOI1, SLC25A10,
POLR3K, PRPS1, PAXIP1, FKBP4, ME2, RPE,
B4GALT2, DEPDCI, IDH1, MERTK, HK2, LDHA,
MXI1, MET, HOMER1

ATOX1, NQO1, NDUFB4, PDLIM1, SODI, HMOX2,
FTL, GCLM, ERCC2, PRDX1, TXN, SRXNI, HHEX,
SBNO2, PRDX6, TXNRD1, MBP, PRDX4, SOD2,
ABCCI1, GSR

EEF2, EIF4Al, CNOT6, VEGFA, RPS14, HSPAS,
EIF2S1, LSM4, FUS, EROIA, EIF4A2, KHSRP,
PDIA6, GEMIN4, TARS1, EXOSC9, SDADI1, MTREX,
HSPA9, SPCS1, EXOSC4, XPOT, NOP14, EIF4E,
IARS1, PARN, NHP2, EXOSC10, RRP9, NPM1,
NOP56, H2AX, HSP90B1, ALDH18A1, SERPI,
CEBPG, EXOSC2, PSAT1, DKCI, EIF4G1, ATF4,
ASNS, SLC1A4, MTHFD2, EIF4A3, EIF4EBPI,
NOLCI1, SLC7AS

GPI, PSMD14, HSPAS, PSMA4, HMGCS1, NUFIP1,
NMTI1, ERO1A, DDIT3, ME1, PPAl, BUBI, TPII,
PRDX1, HMGCR, PNP, PDAP1, WARSI, PLKI,
ABCF2, CTH, CANX, PPIA, PSME3, CYP51Al,
ALDOA, IMMT, SDF2L1, IDI1, PHGDH, AURKA,
HSPA9, POLR3G, ELOVL6, GGA2, RDH11, EIF2S2,
PSMDI12, SLC37A4, LGMN, PNO1, SQLE, DHCR7,
ACACA, NFKBIB, RRM2, ETF1, SHMT2, RRP9,
TXNRDI1, ENO1, TUBGI1, HSPE1, HSPA4, GTF2H]1,
MCM2, HSP90BI1, SERP1, SORD, HSPD1, DHFR,
GMPS, UCHLS, PSAT1, STIP1, NUP205, UNG, IDHI,
ACSL3, ASNS, HK2, SLC1A4, EEF1El, LDHA, GSR,
MCM4, TFRC, MTHFD2, CACYBP, TMEM97,
TOMMA40, PSPH, CCT6A, PSMGI, SCD, IFRDI,
CDC25A, SLC7AS

KIF22, EZH2, BUB3, LBR, WRN, BIRCS, GSPTI,
EWSRI, NASP, POLE, HMGN2, SMC1A, SMARCCI,
MKI67, CKS1B, MTF2, E2F2, SMC2, CDC7, MEIS2,
XPO1, H2AZ2, G3BP1, SNRPDI, CUL4A, HSPAS,
HMMR, ORC6, RAD23B, HIRA, TENT4A, DBF4,
CENPA, NSD2, TRA2B, TFDP1, CHEKI, PRIM2,
E2F1, SS18, SRSF2, AURKB, SMC4, MCM6, BUBI,
BRCA2, RBM14, NUP98, E2F3, PLKI, CCNDI,
SRSF1, CDKN3, LIG3, SLCI2A2, POLQ, KPNA2,
CHAFIA, MYC, CDC25B, RPA2, POLA2, PRMTS,
SFPQ, DTYMK, TACC3, HUSI, KIF23, AURKA,
HNRNPD, CKS2, UBE2S, SYNCRIP, HNRNPU,
FBXO05, KPNBI1, ORCS, SQLE, CDKI, LMNBI,
UPF1, INCENP, CDK4, CCNA2, ESPL1, AMDI,
CDC45, EXO1, PTTG1, H2AX, GINS2, MCM2,
MCM3, H2BC12, MAD2L1, DKC1, TNPO2, HMGAI,



HALLMARK OXIDATIVE PHOSPHORYLATION

HALLMARK_E2F TARGETS

HALLMARK_MYC_TARGETS_V2

CDC6, NCL, RAD54L, MYBL2, ODCI1, NOLCI1,
H2AZ1, CDC25A, SLC7A5, SLC7Al

NDUFS7, NDUFV1, ATP5SMC2, MRPS11, TIMMO,
NDUFS3, NDUFB4, BAX, SDHA, PDHX, UQCRCI,
IDH3B, HTRA?2, ATP5F1B, PDHA1, NDUFC1, COXS5B,
COX15, ATPSME, ACADSB, HCCS, NDUFB6,
NDUFC2, MFN2, COX7B, ETFA, MDH2, SLC25A3,
NDUFA4, SDHD, ATP5F1C, SLC25A4, ATP5PO,
ATP5MC1, CS, UQCRQ, ACO2, COX4Il, GPI,
ATP6VOC, NDUFV2, NDUFAS, NDUFAB1, UQCRH,
GLUDI, OXAIL, COX7C, TOMM?70, SLC25A6,
COX11, UQCRC2, ECHSI, UQCRFS1, NDUFA7,
GRPEL1, NDUFS6, FDX1, OPAl, SUPV3LI,
ATP5MC3, COX5A, AIFM1, IDH3A, GOT2, CYBSA,
SDHB, ATPSMF, FXN, COX7A2L, MTRR, OAT,
SLC25A11, MTX2, IMMT, SLC25A5, MDHI, POLR2F,
HSPA9, CYC1, TIMM17A, TOMM22, MRPL11, FH,
MRPS12, ECIl, ACAT1, PRDX3, VDAC2, MRPS30,
MRPS15, MRPL34, ATP5FID, PMPCA, PHB2,
ATPSF1A, VDACI, ATP6VIC1, TIMMI13, LRPPRC,
SUCLG1, LDHB, MRPL35, AFG3L2, IDHI, CYCS,
LDHA, DLAT, TIMMS50

BUBIB, KIF22, EZH2, CCP110, RFC1, CDCAS, LBR,
SMC3, BIRCS, GSPT1, CNOT9, NASP, DCK, ZW10,
POLE, DCLREI1B, SMC1A, DNMT1, TBRG4, MKI67,
CKSI1B, RPA1, MLHI1, XPOl, DEK, EED, PMS2,
HELLS, HMMR, ORC6, ORC2, PAICS, DSCCI,
TRA2B, ANP32E, NUP153, CHEKI, EIF2S1, PRIM2,
SRSF2, AURKB, SMC4, MCM6, BRCA2, RNASEH2A,
RADI, MREI1, PLKI1, LIG1, CIT, SRSF1, DLGAPS,
CDKN3, POLD1, MMS22L, USP1, GINSI1, E2FS,
XRCC6, EXOSC8, ASF1B, SLBP, KPNA2, MYC, PNN,
CDC25B, RPA2, POLA2, SHMTI, AK2, RFC2,
NUDT21, PHF5A, NME1, TACC3, HUSI, AURKA,
HNRNPD, ATAD2, CKS2, UBE2S, KIF18B, SYNCRIP,
I[PO7, CENPM, SNRPB, DONSON, TK1, NAPILI,
CTPS1, RAN, GINS3, CDKI1, LMNB1, MSH2, RRM2,
CDK4, BRCAI1, ESPL1, WEEI, PRKDC, TUBB,
UBE2T, SSRP1, TUBGI, NUP107, NOP56, PTTGI,
PRPS1, PRDX4, H2AX, POP7, MCM2, PCNA, CSEIL,
CCNE1, DCTPP1, MELK, TIPIN, MCM3, MCM?7,
MAD2L1, RAD51AP1, PSMC3IP, DEPDCI1, CHEK2,
POLD2, NUP205, UNG, HMGA1, LYAR, GINS4,
RFC3, MCM4, PA2G4, TFRC, MTHFD2, MYBL2,
RANBPI1, TRIP13, NOLCI1, H2AZ1, CDC25A

TCOF1, DDX18, TFB2M, PES1, NOCA4L, PLKI,
RRP12, SUPV3L1, GRWDI, PPAN, MYC, RABEPK,
PPRCI1, NOP16, SLC19A1, PUS1, WDR74, UTP20,
FARSA, GNL3, IMP4, BYSL, MYBBPIA, RCLI,
CDK4, AIMP2, RRP9, NPM1, WDR43, SLC29A2,
NOP56, HSPE1, IPO4, DCTPP1, SORD, NOP2,



HALLMARK MYC TARGETS V1

HSPD1, PRMT3, NDUFAF4, MRTO4, UNG, HK2,
MCM4, PA2G4, TMEM97, SRM, NOLC1

EPRS1, BUB3, EIF3D, SNRPB2, RACKI, PCBPI,
SRSF7, NCBP1, GSPT1, SRSF3, SF3B3, PSMAI,
PSMD1, PSMA2, PSMB2, SMARCC1, MRPSI8B,
CBX3, MRPL23, IMPDH2, STARD7, XPO1, DEK,
G3BP1, ABCEl, EIF4Al1, SNRPDI1, VBPI, SLC25A3,
ILF2, EIF1AX, CSTF2, SF3Al, RPS10, RAD23B,
SSBP1, ORC2, EIF4G2, PSMD14, RRM1, PSMA4,
TRA2B, PSMD7, DDX18, TFDP1, PSMD3, RNPSI,
EIF2S1, NDUFABI, SNRPD3, UBE2E], SRSF2,
APEX1, MCM6, TOMM70, RPS5, HNRNPR, ACPI,
CCT3, CCT7, SRSF1, CNBP, HNRNPC, LSM7, ERH,
USP1, CANX, RPL6, PPIA, SSB, UBA2, KARSI,
XRCC6, COX5A, AP3S1, PRPF31, KPNA2, GOT2,
MYC, PPM1G, EIF4H, EEF1B2, TARDBP, RPL22,
EIF3J, NOP16, PSMA7, NCBP2, SNRPG, NMEI,
PABPC1, FBL, RPS6, HNRNPD, TYMS, HDAC2,
SERBP1, CYC1, SYNCRIP, HNRNPU, KPNBI, TCPI,
XPOT, CCT4, EIF2S2, RPS3, RPLP0O, GNL3, NAPILI,
EIF4E, IARS1, PRDX3, CTPS1, RAN, NHP2, RSLIDI,
TRIM28, DDX21, PHB2, CDK4, SET, PTGES3, ETF,
RPS2, AIMP2, VDACI, SNRPA1, RRP9, CCNA2,
CCT5, HSP90AB1, SRPK1, NPM1, NOP56, HSPE1,
CDC45, RUVBL2, RPL14, PRDX4, CCT2, TUFM,
MCM2, PCNA, GLO1, MCM7, SNRPA, HSPDI,
MAD2L1, POLD2, PABPC4, C1QBP, EXOSC7,
HNRNPAI, PRPS2, LDHA, RFC4, MCM4, PA2G4,
SRM, RANBPI, ODC1, NOLCI, IFRD1, H2AZI,
CDK2



