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Table 1

RankRoleFull nameGenes

854E3 ligaseE3 ubiquitin-protein ligase TRIM33TRIM33

39E3 ligaseE3 ubiquitin-protein ligase RING2RNF2

203E3 ligaseE3 ubiquitin-protein ligase RNF169RNF169

980E3 ligaseE3 ubiquitin-protein ligase HakaiCBLL1

29E3 ligaseIsoform 2 of E3 ubiquitin-protein ligase RING1RING1

1014E3 ligaseE3 ubiquitin-protein ligase CHIPSTUB1

134DUBUbiquitin carboxyl-terminal hydrolase 7USP7

1126DUBIsoform 3 of Ubiquitin carboxyl-terminal hydrolase 14USP14

1390DUBUbiquitin thioesterase otulinOTULIN

585E1 enzymeUbiquitin-like modifier-activating enzyme 1UBA1

16ER protein with Ubiquitin like domainHomocysteine-responsive endoplasmic reticulum-resident ubiquitin-like domain member 1 proteinHERPUD1

509Ubiquitin associated protein2Ubiquitin-associated protein 2UBAP2

1459Ubiquitin associated protein2 LikeIsoform 5 of Ubiquitin-associated protein 2-likeUBAP2L

1356Ubiquitin like proteinUbiquitin-related modifier 1URM1

269Ubiquitin receptorProteasomal ubiquitin receptor ADRM1ADRM1

Table 2

Rank (1470)RoleCandidate

29E3 ligaseRING1

39E3 ligaseRNF2

203E3 ligaseRNF169

854E3 ligaseTRIM33

980E3 ligaseCBLL1

1014E3 ligaseSTUB1



Table 3

Primer sequences (5’→3')Target sequenceGenes
CCGGGAAGAGGAAGAAGCGAGACATCTCGAGATGTCTCGCTTCTTCCTCTTCTTTTTG

GAAGAGGAAGAAGCGAGACATSTUB1
AATTCAAAAAGAAGAGGAAGAAGCGAGACATCTCGAGATGTCTCGCTTCTTCCTCTTC
CCGGGCTCCTGTTTGACGGTATTAACTCGAGTTAATACCGTCAAACAGGAGCTTTTTG

GCTCCTGTTTGACGGTATTAAURM1
AATTCAAAAAGCTCCTGTTTGACGGTATTAACTCGAGTTAATACCGTCAAACAGGAGC
CCGGGCCAATACTGATGATAACTATCTCGAGATAGTTATCATCAGTATTGGCTTTTTG

GCCAATACTGATGATAACTATUBAP2L
AATTCAAAAAGCCAATACTGATGATAACTATCTCGAGATAGTTATCATCAGTATTGGC
CCGGCGTGGAAACAACAACCGGAAACTCGAGTTTCCGGTTGTTGTTTCCACGTTTTTG

CGTGGAAACAACAACCGGAAAUBAP2
AATTCAAAAACGTGGAAACAACAACCGGAAACTCGAGTTTCCGGTTGTTGTTTCCACG
CCGGATCAACTCCACGCAACCTAAACTCGAGTTTAGGTTGCGTGGAGTTGATTTTTTG

ATCAACTCCACGCAACCTAAARNF169
AATTCAAAAAATCAACTCCACGCAACCTAAACTCGAGTTTAGGTTGCGTGGAGTTGAT
CCGGCAGACGGACGACTCGCTTATTCTCGAGAATAAGCGAGTCGTCCGTCTGTTTTTG

CAGACGGACGACTCGCTTATTADRM1
AATTCAAAAACAGACGGACGACTCGCTTATTCTCGAGAATAAGCGAGTCGTCCGTCTG
CCGGCCACTGCCTTCTACCTTGTTTCTCGAGAAACAAGGTAGAAGGCAGTGGTTTTTG

CCACTGCCTTCTACCTTGTTTUBA1
AATTCAAAAACCACTGCCTTCTACCTTGTTTCTCGAGAAACAAGGTAGAAGGCAGTGG
CCGGGCCAGGATCAACAAGCACAATCTCGAGATTGTGCTTGTTGATCCTGGCTTTTTG

GCCAGGATCAACAAGCACAATRNF2
AATTCAAAAAGCCAGGATCAACAAGCACAATCTCGAGATTGTGCTTGTTGATCCTGGC
CCGGCTGGAGCTGGTGAATGAGAAACTCGAGTTTCTCATTCACCAGCTCCAGTTTTTG

CTGGAGCTGGTGAATGAGAAARING1
AATTCAAAAACTGGAGCTGGTGAATGAGAAACTCGAGTTTCTCATTCACCAGCTCCAG
CCGGCCTCCTCCTGACGTTGTAAATCTCGAGATTTACAACGTCAGGAGGAGGTTTTTG

CCTCCTCCTGACGTTGTAAATHERPUD1
AATTCAAAAACCTCCTCCTGACGTTGTAAATCTCGAGATTTACAACGTCAGGAGGAGG
CCGGCCCTTTAGTAGTAACGGGTTTCTCGAGAAACCCGTTACTACTAAAGGGTTTTTG

CCCTTTAGTAGTAACGGGTTTOTULIN
AATTCAAAAACCCTTTAGTAGTAACGGGTTTCTCGAGAAACCCGTTACTACTAAAGGG
CCGGCCCAAGATTCAGCAGTCAGATCTCGAGATCTGACTGCTGAATCTTGGGTTTTTG

CCCAAGATTCAGCAGTCAGATUSP14
AATTCAAAAACCCAAGATTCAGCAGTCAGATCTCGAGATCTGACTGCTGAATCTTGGG
CCGGTCATATCAACCATCGCCATATCTCGAGATATGGCGATGGTTGATATGATTTTTG

TCATATCAACCATCGCCATATCBLL1
AATTCAAAAATCATATCAACCATCGCCATATCTCGAGATATGGCGATGGTTGATATGA
CCGGTACTTTCCAGTTGCGTCATATCTCGAGATATGACGCAACTGGAAAGTATTTTTG

TACTTTCCAGTTGCGTCATATTRIM33
AATTCAAAAATACTTTCCAGTTGCGTCATATCTCGAGATATGACGCAACTGGAAAGTA
CCGGCCTGGATTTGTGGTTACGTTACTCGAGTAACGTAACCACAAATCCAGGTTTTTG

CCTGGATTTGTGGTTACGTTAUSP7
AATTCAAAAACCTGGATTTGTGGTTACGTTACTCGAGTAACGTAACCACAAATCCAGG

Table 4

Primer sequences (5’→3')Genes
TGAGCCACAGTGAGGAGATTCC

UBAP2L
AGATTCGCCTCACTCTCCACAC
GACAGCTTCTGAGGAACCACCT

OTULIN
TCCGTGTTGTACTTGGAGAGCC
CATCGAGTCACTTTGCCTGGAC

URM1
ACGCTGTCTCCCTGGATGAACA
GGGAAATGGCTTCAGCGCAGTA

USP14
CACCTTTCTCGGCAAACTGTGG
CCAATGTCTCAGGGACTTGCTTC

HERPUD1
CGATTAGAACCAGCAGGCTCCT
AACAGGATGCCTGCAAAGGCTC

CBLL1
GGTGTCCAGGAAATCTTCGCTG
AAGCGGAAAGGGCTGGTGTACA

ADRM1
CCGCTTGAACTCACAGTCGTCA
TCCTCACAGAGGACAAGTGCCT

UBA1
CTTGAGCAGCTCACAGCCAATG
CAGTCACAGCATTGAGGAAGGAC

RNF2
GCTTCCTGATTGCTATGTGTGGA



Table 5

Primer sequences (5’→3')Target sequenceGenes
CACCGTGAGTTACAACGAACACCTC

TGAGTTACAACGAACACCTCRNF2
AAACGAGGTGTTCGTTGTAACTCAC
CACCGGAGTACTCGGGCCTCTTCCG

GAGTACTCGGGCCTCTTCCGRNF169
AAACCGGAAGAGGCCCGAGTACTCC
CACCGGAATCGCGAAGAAGAAGCGC

GAATCGCGAAGAAGAAGCGCSTUB1
AAACGCGCTTCTTCTTCGCGATTCC
CACCG CATCATAGCCATGTGTTGTG

GTGTTGTGTACCGATACTACTRIM33
AAACCACAACACATGGCTATGATGC
CACCG AGATGTATGATCCCAAAACG

AGATGTATGATCCCAAAACGUSP7
AAACCGTTTTGGGATCATACATCTC
CACCG TAAGATCTATCCTAGCCGGG

TAAGATCTATCCTAGCCGGGRING1
AAACCCCGGCTAGGATAGATCTTAC

Table 6

Primer sequences (5’→3')Genes
AAACGGAACTCAACCATTAAGC

RNF2
TTATTCACCACTGTTCACCCAG
AGGTCTGAGGAGAACCCTCTTT

RNF169
CAACAGCGAAGGTCCAGAAG
GCTGGAGATGGAGAGCTATGAT

STUB1
ATGAGCCTGGAGAGGTAGGAGT
GCCCACTTCTTTGTTTCTTCTG

TRIM33
GCATTTGCCATAGTTGCTGTAG
TTGTGCTGAGTGTTTGGATCTT

USP7
GAAGGTAAGTGCACGAAGGACT
CAGGAACAAGGAGTGTCCTACC

RING1
CCATCAGTTCTGCTTCTCTCCT

Table 7

CompanyCatalogAntibody
Santa cruzsc-47778β-Actin(C4)
Santa cruzsc-166411TCF3(E-2)
Santa cruzsc-271287TCF4(H-7)
Santa cruzsc-40c-myc(9E10)
Santa cruzsc-7392HA-tag(F-7)
Santa cruzsc-7199β-Catenin(H-102)
Santa cruzsc-374015Lamin B1(B-10)
Santa cruzsc-166355OctA(H-5)
Sigma-Aldrich05-665Active-β-Catenin(8E7)
Cell Signaling Technology#4289K48-linkage Specific Polyubiquitin
Cell Signaling Technology#5694RING1B (D22F2)



Table 8

Primer sequences (5’→3')Genes
GTCGTGATGAGTATGAAGCTC

RNF2
TTGTTACTAGGGCCTGCTTC
AGAACCAGAGCAGCAGCTC

TCF7L1
TTCATCTGCAGGTAGGTGCG
AGAAGCTGGCCTCCTACCA

c-myc
GTCGAGGAGAGCAGAGAATC
GGCATCAAGAAGCAGCAGAT

Axin2
TTTGCACTTGAAGTCGGCAC
CCGTCTACTCCGCCTTCAAT

TCF1
AGGTCAGGGAGTAGAAGCCA
ACGGAAAGCATCCAGATGGA

LEF1
ATGTGTGACGGGTGTGATCC
GTCTCCTCTGACTTCAACAGCG

GAPDH
ACCACCCTGTTGCTGTAGCCAA

Table 9

Primer sequences (5’→3')Genes
CATTGACTATGTAGCAGTGGAG

USP7
TTTGCCTTCTCCTTTAGGATTCAA
CCAACTAGTGAATATGCAAAATGG

RNF169
CTAATTTGCGCCGGCCGTG
GGCGCAAGCAGTGCAGAC

RNF2
CATCAAAGTTCGGATCTGGCC
TGCCCCTCTACTCAGTGAAC

USP14
GTGTTACCGAGGTTTGTCAGG
GTCATCTGGAGCGCTGTTTC

ADRM1
TCAGTCTTGGGCTCCTGCAT
GGCGGATAACAAAGGAGGAG

TRIM33
GCTTGGGCTCAGTGTCCC
ATACGGAGCCCTAGCCTTAG

HERPUD1
CTAATGCCATCAGCCTCAGG
GATAATGATCTACAAGGCACTAAC

CBLL1
AGGCAGGCCACATTTGTCAC
CGCCAGTCTCGCGTGATG

RING1
AATCTGTGGAGACATTCCTTGG
GTCCAGCTCTCCGCTGTC

UBA1
GAAAGATCAGTCCACTCCGTG
ATGATGACTTCGGTGGGAAATG

UBAP2
GGAACTCTCTTTGCCAATGCTT
GAAAGGAAAGGAGGAGGGTG

STUB1
TCTCTAGTTCCATCTGACACTG
CACCAGAGTAGCTAAAATGAAAATC

OTULIN1
GCTGAGAGCACTCTATGGAAC

Table 10

Primer sequences (5’→3')Genes
ATCTTGGAGGGCATTACTTGCC

TCF7L1
TGGGACTAATGTTCCCAGAGGA
CAACGAAAGAGTGCTTGCATCG

RNF2
TGTATCGAGTCTGTGCACTGTC
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