
Gene Refseq ID Supplier ID Oligonucleotide sequence Seed FreqHITS Seed FreqLIB p-value miRNA matches %3'UTR Gene 
removed

ARHGEF1 NM_004706 TRCN0000033565 CCGGCATGGCAGAATGCCTGTTCTTCTCGAG
AAGAACAGGCATTCTGCCATGTTTTTG 4 17 0.026 hsa-miR-4773 19 

CD300LF NM_139018 TRCN0000060563 CCGGCCGTGCAGTGTGTTTACAGATCTCGAG
ATCTGTAAACACACTGCACGGTTTTTG 7 23 0.001 hsa-miR-3686 15 

CDC34 NM_004359 TRCN0000007301 CCGGGAGTGTGATCTCCCTCCTGAACTCGA
GTTCAGGAGGGAGATCACACTCTTTTT 3 8 0.014 hsa-miR-4779 25

CDC34 NM_004359 TRCN0000007300 CCGGTCGGGAGTACACAGACATCATCTCGA
GATGATGTCTGTGTACTCCCGATTTTT 4 18 0.031 hsa-miR-654-3p 12

DHX38 NM_014003 TRCN0000001171 CCGGGCAGTGGAAGAACAATAATTACTCGAG
TAATTATTGTTCTTCCACTGCTTTTT 3 5 0.003 hsa-miR-944 26 

HS3ST3B1 NM_006041 TRCN0000035817 CCGGCAAGCACTTCTACTTCAACAACTCGAG
TTGTTGAAGTAGAAGTGCTTGTTTTTG 7 37 0.012 hsa-miR-653 12 

IFITM1 NM_003641 TRCN0000057500 CCGGCTTCTTGAACTGGTGCTGTCTCTCGAG
AGACAGCACCAGTTCAAGAAGTTTTTG 3 12 0.045 hsa-miR-3065-3p 15 

KISS1 NM_002256 TRCN0000059065 CCGGCCTGCCGAACTACAACTGGAACTCGA
GTTCCAGTTGTAGTTCGGCAGGTTTTTG 5 29 0.045 hsa-miR-145 13

KISS1 NM_002256 TRCN0000059064 CCGGGCAGCTAGAATCCCTGGGCCTCTCGA
GAGGCCCAGGGATTCTAGCTGCTTTTTG 2 4 0.026 hsa-miR-1915 26

LILRA2 NM_006866 TRCN0000056847 CCGGCGACAGATTTGTTCTGTATAACTCGAG
TTATACAGAACAAATCTGTCGTTTTTG 4 20 0.044 hsa-let-7f-2-3p 13 

MS4A1 NM_021950 TRCN0000061522 CCGGCAGCATACAATCTCTGTTCTTCTCGAG
AAGAACAGAGATTGTATGCTGTTTTTG 4 17 0.026 hsa-miR-4773 19 

OLR1 NM_002543 TRCN0000060521 CCGGGCAAACCTAACTCACCAGAAACTCGAG
TTTCTGGTGAGTTAGGTTTGCTTTTTG 4 15 0.016 hsa-miR-4299 11 

PRSS12 NM_003619 TRCN0000050978 CCGGCGGCTTTGATTCTGTCCTCAACTCGAG
TTGAGGACAGAATCAAAGCCGTTTTTG 4 19 0.037 hsa-miR-1224-5p 10 





Supplementary Table S2. Off-target filtering in essential gene candidates reveals 91 HC_OTEs and their re-scoring removes 16 corresponding genes. 
Seed heptamers are highlighted in red within the oligonucleotide sequence



RAB13 NM_002870 TRCN0000048122 CCGGCGAGAATATTCAGAACTGGATCTCGAG
ATCCAGTTCTGAATATTCTCGTTTTTG 5 29 0.045 hsa-miR-145 13 

RAMP3 NM_005856 TRCN0000060982 CCGGGAAGGCTTTCGCAGACATGATCTCGA
GATCATGTCTGCGAAAGCCTTCTTTTTG 4 18 0.031 hsa-miR-654-3p 12 

TGS1 NM_024831 TRCN0000060828 CCGGGCTCGCAATAATGCAGAAGTTCTCGAG
AACTTCTGCATTATTGCGAGCTTTTTG 7 36 0.010 hsa-mir-544a 17 

UBOX5 NM_014948 TRCN0000004439 CCGGCGGCGGTATCCCTTGTATCAACTCGA
GTTGATACAAGGGATACCGCCGTTTTT 3 4 0.001 hsa-miR-381, 

hsa-miR-300 12 

XAB2 NM_020196 TRCN0000074412 CCGGGCAGTATGACATGTTCAACATCTCGAG
ATGTTGAACATGTCATACTGCTTTTTG 7 37 0.012 hsa-miR-653 12 

ABCB8 NM_007188 TRCN0000059876 CCGGTCACGAGTTCATCACCAGTTTCTCGAG
AAACTGGTGATGAACTCGTGATTTTTG 4 15 0.016 hsa-miR-4299 11

ACYP1 NM_001107 TRCN0000050444 CCGGCGACAAAGCAAACTTCAACAACTCGAG
TTGTTGAAGTTTGCTTTGTCGTTTTTG 7 37 0.012 hsa-miR-653 12

ANKH NM_054027 TRCN0000059324 CCGGCCTGGGCTACTACAAGAACATCTCGA
GATGTTCTTGTAGTAGCCCAGGTTTTTG 5 26 0.030 hsa-miR-578 14

ANTXR1 NM_018153 TRCN0000063220 CCGGCAAGGCATCATCCACTCAATTCTCGAG
AATTGAGTGGATGATGCCTTGTTTTTG 2 5 0.041 hsa-miR-4758-5p 10

ARL9 NM_206919 TRCN0000065293 CCGGGCAGCCTATCACATTACAGATCTCGAG
ATCTGTAATGTGATAGGCTGCTTTTTG 7 23 0.001 hsa-miR-3686 15

C19ORF61 NM_019108 TRCN0000061848 CCGGCCTAGTCTTCTTGCAGAACAACTCGAG
TTGTTCTGCAAGAAGACTAGGTTTTTG 7 36 0.010 hsa-mir-544a 17

CCDC76 NM_019083 TRCN0000062719 CCGGGCATTGTTATTGCACTCTGTTCTCGAG
AACAGAGTGCAATAACAATGCTTTTTG 3 10 0.027 hsa-miR-4797-5p 16

CD2BP2 NM_006110 TRCN0000057487 CCGGGTGTACCAGGAAACAAGGGAACTCGA
GTTCCCTTGTTTCCTGGTACACTTTTTG 3 9 0.020 hsa-miR-623 10

CD300C NM_006678 TRCN0000062982 CCGGGCACCTCAGGTCCTCCCACGACTCGA
GTCGTGGGAGGACCTGAGGTGCTTTTTG 3 5 0.003

hsa-miR-30b-3p, 
hsa-miR-3689a-3p, 
hsa-miR-3689b-3p, 

hsa-miR-3689c

35

CDCA4 NM_145701 TRCN0000072627 CCGGGCTTGAAGACAGTGTCCTCATCTCGAG
ATGAGGACACTGTCTTCAAGCTTTTTG 4 19 0.037 hsa-miR-1224-5p 10



CDK10 NM_003674 TRCN0000000689 CCGGCTACAACAACCTGAAGCACAACTCGAG
TTGTGCTTCAGGTTGTTGTAGTTTTT 5 27 0.035 hsa-miR-218-5p 14

CTHRC1 NM_138455 TRCN0000062247 CCGGGTGAAGGAATTGGTGCTGGATCTCGA
GATCCAGCACCAATTCCTTCACTTTTTG 3 12 0.045 hsa-miR-3065-3p 15

CYBB NM_000397 TRCN0000064589 CCGGCTTGGCTGAAACCCTGAGTAACTCGA
GTTACTCAGGGTTTCAGCCAAGTTTTTG 2 5 0.041 hsa-miR-1266, 

hsa-miR-4518 17

CYP11A1 NM_000781 TRCN0000064276 CCGGGCTGAGCAAAGACAAGAACATCTCGA
GATGTTCTTGTCTTTGCTCAGCTTTTTG 5 26 0.030 hsa-miR-578 14

CYP2E1 NM_000773 TRCN0000064174 CCGGGCTCCAGCTTTACAATAATTTCTCGAG
AAATTATTGTAAAGCTGGAGCTTTTTG 3 5 0.003 hsa-miR-944 26

CYP2F1 NM_000774 TRCN0000064190 CCGGCGATGTCATCACCCTCCTTAACTCGAG
TTAAGGAGGGTGATGACATCGTTTTTG 3 8 0.014 hsa-miR-4779 25

CYP2R1 NM_024514 TRCN0000064501 CCGGGCCTCAGTCTTCTTGTATAATCTCGAG
ATTATACAAGAAGACTGAGGCTTTTTG 3 4 0.001 hsa-miR-381,

hsa-miR-300 12

DERL1 NM_024295 TRCN0000062913 CCGGCCTGCTATTTACCCTGGGTTACTCGAG
TAACCCAGGGTAAATAGCAGGTTTTTG 2 4 0.026 hsa-miR-1915 26

DNAJC16 XM_497656 TRCN0000064151 CCGGCCACATGAATGTGGTCCTCATCTCGAG
ATGAGGACCACATTCATGTGGTTTTTG 4 19 0.037 hsa-miR-1224-5p 10

DOCK5 NM_024940 TRCN0000113804 CCGGGCGACTAATAGCATTACAGATCTCGAG
ATCTGTAATGCTATTAGTCGCTTTTTG 7 23 0.001 hsa-miR-3686 15

DSCAM NM_001389 TRCN0000063989 CCGGCCTCATACATTTGCCTCCATACTCGAG
TATGGAGGCAAATGTATGAGGTTTTTG 2 5 0.041 hsa-miR-650, 

hsa-miR-3612 21

DYNLT1 NM_006519 TRCN0000062181 CCGGCTGTGTAATTATGCAGAAGAACTCGAG
TTCTTCTGCATAATTACACAGTTTTTG 7 36 0.010 hsa-mir-544a 17

EIF4A3 NM_014740 TRCN0000061857 CCGGGCAGTACTATTCCACTCAGATCTCGAG
ATCTGAGTGGAATAGTACTGCTTTTTG 2 5 0.041 hsa-miR-4758-5p 10

EIF4B NM_001417 TRCN0000062602 CCGGCTACCCTATGATGTTACAGAACTCGAG
TTCTGTAACATCATAGGGTAGTTTTTG 7 23 0.001 hsa-miR-3686 15

ENC1 NM_003633 TRCN0000063900 CCGGCGAGTCTGCAATTAACTGGATCTCGAG
ATCCAGTTAATTGCAGACTCGTTTTTG 5 29 0.045 hsa-miR-145 13



FCRLA NM_032738 TRCN0000060517 CCGGGACTTGACTGATGCAAGGGAACTCGA
GTTCCCTTGCATCAGTCAAGTCTTTTTG 3 9 0.020 hsa-miR-623 10

FGF22 NM_020637 TRCN0000058600 CCGGCTCAGGCTTCTACGTGGCCATCTCGA
GATGGCCACGTAGAAGCCTGAGTTTTTG 2 5 0.041 hsa-miR-588, 

hsa-miR-4701-5p 13

FKBP3 NM_002013 TRCN0000063541 CCGGGATTCGTTTCTTGCAGAACATCTCGAG
ATGTTCTGCAAGAAACGAATCTTTTTG 7 36 0.010 hsa-mir-544a 17

GDF2 NM_016204 TRCN0000058366 CCGGGCACATCTTGCTCTTCAACATCTCGAG
ATGTTGAAGAGCAAGATGTGCTTTTTG 7 37 0.012 hsa-miR-653 12

GFOD2 NM_030819 TRCN0000064370 CCGGAGTGACACTCAACTTCAACATCTCGAG
ATGTTGAAGTTGAGTGTCACTTTTTTG 7 37 0.012 hsa-miR-653 12

HYLS1 NM_145014 TRCN0000072619 CCGGCCCAATCCAAACCTCAGCATACTCGAG
TATGCTGAGGTTTGGATTGGGTTTTTG 4 15 0.016 hsa-miR-4728-3p 13

IFT57 NM_018010 TRCN0000063012 CCGGGCAGAAGATGATGCAGAATTACTCGA
GTAATTCTGCATCATCTTCTGCTTTTTG 7 36 0.010 hsa-mir-544a 17

IGSF10 NM_178822 TRCN0000144401 CCGGCAGGCGTATATCACTGTATAACTCGAG
TTATACAGTGATATACGCCTGTTTTTTG 4 20 0.044 hsa-let-7f-2-3p 13

IL12RB2 NM_001559 TRCN0000058159 CCGGCCTGGGTAACTCTAAGCACAACTCGA
GTTGTGCTTAGAGTTACCCAGGTTTTTG 5 27 0.035 hsa-miR-218-5p 14

IL18BP NM_005699 TRCN0000058633 CCGGCTGCCTCAGTTAGAAGCACAACTCGA
GTTGTGCTTCTAACTGAGGCAGTTTTTG 5 27 0.035 hsa-miR-218-5p 14

IL1R2 NM_004633 TRCN0000058530 CCGGTGTCCATAATACCCTGAGTTTCTCGAG
AAACTCAGGGTATTATGGACATTTTTG 2 5 0.041 hsa-miR-1266, 

hsa-miR-4518 17

IL1RAP NM_002182 TRCN0000058540 CCGGCCCAGTGCATAAACTGTATATCTCGAG
ATATACAGTTTATGCACTGGGTTTTTG 4 20 0.044 hsa-let-7f-2-3p 13

IL4 NM_000589 TRCN0000058183 CCGGGTTGACCGTAACAGACATCTTCTCGAG
AAGATGTCTGTTACGGTCAACTTTTTG 4 18 0.031 hsa-miR-654-3p 12

INHA NM_002191 TRCN0000063903 CCGGGCAGCACTGTGCTTGTATCTACTCGAG
TAGATACAAGCACAGTGCTGCTTTTTG 3 4 0.001 hsa-miR-381, 

hsa-miR-300 12

KDELR1 NM_006801 TRCN0000063251 CCGGGCTCTATCTCTTCAACTGGATCTCGAG
ATCCAGTTGAAGAGATAGAGCTTTTTG 5 29 0.045 hsa-miR-145 13



KLHL2 NM_007246 TRCN0000064967 CCGGGCAGAAATTCAGGTTACAGAACTCGA
GTTCTGTAACCTGAATTTCTGCTTTTTG 7 23 0.001 hsa-miR-3686 15

LCP1 NM_002298 TRCN0000056493 CCGGGCGGACATTTAGGAACTGGATCTCGA
GATCCAGTTCCTAAATGTCCGCTTTTTG 5 29 0.045 hsa-miR-145 13

LENG8 NM_052925 TRCN0000061690 CCGGTGGAGGTCTCAAGTTCAACATCTCGAG
ATGTTGAACTTGAGACCTCCATTTTTG 7 37 0.012 hsa-miR-653 12

LILRA4 NM_012276 TRCN0000060560 CCGGCTACATCAGATACACTCTGTACTCGAG
TACAGAGTGTATCTGATGTAGTTTTTG 3 10 0.027 hsa-miR-4797-5p 16

LILRP2 NM_024317 TRCN0000060449 CCGGCTATGACAAATTCACTCTGTACTCGAG
TACAGAGTGAATTTGTCATAGTTTTTG 3 10 0.027 hsa-miR-4797-5p 16

LSAMP NM_002338 TRCN0000063937 CCGGCTGTGAACTATCCTCCCACTACTCGAG
TAGTGGGAGGATAGTTCACAGTTTTTG 3 5 0.003

hsa-miR-30b-3p, 
hsa-miR-3689a-3p, 
hsa-miR-3689b-3p, 

hsa-miR-3689c

35

LYRM1 NM_020424 TRCN0000064101 CCGGGCCAATTCATCTGCCTCCAATCTCGAG
ATTGGAGGCAGATGAATTGGCTTTTTG 2 5 0.041 hsa-miR-650, 

hsa-miR-3612 21

MS4A3 NM_006138 TRCN0000061661 CCGGCCATAAATGGATCACCAGATTCTCGAG
AATCTGGTGATCCATTTATGGTTTTTG 4 15 0.016 hsa-miR-4299 11

MYO18A NM_078471 TRCN0000034202 CCGGCGAATTGATGAAGAAGCACAACTCGA
GTTGTGCTTCTTCATCAATTCGTTTTTG 5 27 0.035 hsa-miR-218-5p 14

NDUFB2 NM_004546 TRCN0000064766 CCGGGAATTAGGTATCCCTCCTGATCTCGAG
ATCAGGAGGGATACCTAATTCTTTTTG 3 8 0.014 hsa-miR-4779 25

NEURL NM_004210 TRCN0000034224 CCGGCTCGGCTGTTATGCTGTTCTTCTCGAG
AAGAACAGCATAACAGCCGAGTTTTTG 4 17 0.026 hsa-miR-4773 19

NGF NM_002506 TRCN0000058404 CCGGACTGGACTAAACTTCAGCATTCTCGAG
AATGCTGAAGTTTAGTCCAGTTTTTTG 4 15 0.016 hsa-miR-4728-3p 13

OR10X1 NM_001004477 TRCN0000061217 CCGGCACAGGTTGTAGCTTACAGATCTCGAG
ATCTGTAAGCTACAACCTGTGTTTTTG 7 23 0.001 hsa-miR-3686 15

OR13A1 NM_001004297 TRCN0000062955 CCGGCCTCACAGGTAATGTCCTCATCTCGAG
ATGAGGACATTACCTGTGAGGTTTTTG 4 19 0.037 hsa-miR-1224-5p 10

OR2T27 NM_001001824 TRCN0000061596 CCGGCCTCAGGGACATCCTGTATATCTCGAG
ATATACAGGATGTCCCTGAGGTTTTTG 4 20 0.044 hsa-let-7f-2-3p 13



OR51D1 NM_001004751 TRCN0000060717 CCGGCCAGGAGATCGAGTTCAACATCTCGA
GATGTTGAACTCGATCTCCTGGTTTTTG 7 37 0.012 hsa-miR-653 12

OSMR NM_003999 TRCN0000058683 CCGGGCACTCCATAAGGAATAATTTCTCGAG
AAATTATTCCTTATGGAGTGCTTTTTG 3 5 0.003 hsa-miR-944 26

PAFAH1B1 NM_000430 TRCN0000050964 CCGGCGTATGGGATTACAAGAACAACTCGA
GTTGTTCTTGTAATCCCATACGTTTTTG 5 26 0.030 hsa-miR-578 14

PDE5A NM_001083 TRCN0000048746 CCGGCCTCGGTTCAATGCAGAAGTTCTCGAG
AACTTCTGCATTGAACCGAGGTTTTTG 7 36 0.010 hsa-mir-544a 17

PNN NM_002687 TRCN0000072280 CCGGCGCATCGAATTTGCAGAACAACTCGAG
TTGTTCTGCAAATTCGATGCGTTTTTG 7 36 0.010 hsa-mir-544a 17

PNRC1 NM_006813 TRCN0000063279 CCGGGCATTTGAAGAAATCAGCATTCTCGAG
AATGCTGATTTCTTCAAATGCTTTTTG 4 15 0.016 hsa-miR-4728-3p 13

PROM1 NM_006017 TRCN0000062143 CCGGCCCAACATCATCCCTGTTCTTCTCGAG
AAGAACAGGGATGATGTTGGGTTTTTG 4 17 0.026 hsa-miR-4773 19

PSMD3 NM_002809 TRCN0000058122 CCGGCCATGAGGTTTCCTCCCAAATCTCGAG
ATTTGGGAGGAAACCTCATGGTTTTTG 3 5 0.003

hsa-miR-30b-3p, 
hsa-miR-3689a-3p, 
hsa-miR-3689b-3p, 

hsa-miR-3689c

35

RARRES1 NM_002888 TRCN0000063373 CCGGCCCTTGGAAATAGTCAGCATACTCGAG
TATGCTGACTATTTCCAAGGGTTTTTG 4 15 0.016 hsa-miR-4728-3p 13

RBP5 NM_031491 TRCN0000059911 CCGGCTGGAACTGACTGCAAGGGATCTCGA
GATCCCTTGCAGTCAGTTCCAGTTTTTG 3 9 0.020 hsa-miR-623 10

SEMA6D NM_020858 TRCN0000063212 CCGGGCAGTCTATTACAGACATAATCTCGAG
ATTATGTCTGTAATAGACTGCTTTTTG 4 18 0.031 hsa-miR-654-3p 12

SORL1 NM_003105 TRCN0000062949 CCGGGCTGCTAGTAACTTTACAGAACTCGAG
TTCTGTAAAGTTACTAGCAGCTTTTTG 7 23 0.001 hsa-miR-3686 15

SOX30 NM_007017 TRCN0000017424 CCGGCCCTATTACGATGAAGCACAACTCGAG
TTGTGCTTCATCGTAATAGGGTTTTT 5 27 0.035 hsa-miR-218-5p 14

TNFRSF25 NM_003790 TRCN0000058512 CCGGCGGTGACTTCCACAAGAAGATCTCGA
GATCTTCTTGTGGAAGTCACCGTTTTTG 5 26 0.030 hsa-miR-578 14

TUBA4A NM_006000 TRCN0000072401 CCGGTCTGTGAAACTGGTGCTGGAACTCGA
GTTCCAGCACCAGTTTCACAGATTTTTG 3 12 0.045 hsa-miR-3065-3p 15



TXN2 NM_012473 TRCN0000064199 CCGGGTTAGAGAAGATGGTGGCCAACTCGA
GTTGGCCACCATCTTCTCTAACTTTTTG 2 5 0.041 hsa-miR-588, 

hsa-miR-4701-5p 13

VPS26A NM_004896 TRCN0000065140 CCGGGATCTTATTGTTCACCAGCTTCTCGAG
AAGCTGGTGAACAATAAGATCTTTTTG 4 15 0.016 hsa-miR-4299 11

VPS26B NM_052875 TRCN0000065273 CCGGGCGGGACATCAACAAGAAGTTCTCGA
GAACTTCTTGTTGATGTCCCGCTTTTTG 5 26 0.030 hsa-miR-578 14
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