Supplementary Figure 1 Classification of transfer RNA-derived small RNAs
in the MINTDbase 2.0 database.

MI NTbase v2.0: a database for the interactive exploration of mitochondrial and nuclear tRNA fragments {tRFs)

Sequence GCCCGGCTAGCTCAGTCGGTAGAGCATGAGAC

License Plate tRF-32-PSQP4PW3FJIO1
(sequence derived)

Available genomes . sapiens(hgl9/GRCh37)

MINTbase trna32_LysCTT_16_-_3207406_3207478@1.32.32 trnall19_LysCTT_1_-_145395522_145395594@1.32.32 trna7_LysCTT_16_+_3225692_32:
Alternative IDs trnall_LysCTT_5_-_180648979_180649051@1.32.32 trna9_LysCTT_5_+_180634755_180634827@1.32.32 trnald LysCTT 6 + 26556774 265°
{GRCh37 assembly-
derived)

Genomic locations 6

Typels) 5-half



Supplementary Table 1 The results of high-throughput sequencing technique in three pairs of Barcelona Clinic Liver Cancer 0/A stage hepatocellular carcinoma patients’ tissues and matched

precancerous specimens

tRF_ID tRF_Seq MINTbase ID Length Log,FC Fold change P value Q value Ca CPM P_CPM 1C 2C 3C 1P 2P 3P
tRF-1:32-Ala-CGC- GGGGAUGUAGCUCAGUG tRF-32-R29P4P 32 3.488531 11.22412919  0.000435 0.095709 6.264877  2.7763452 194.30 19.495 20.630 7.3578 0 6.8160
3 GUAGAGCGCGCGCUU 9L5HLVQ 6 8 5 352 817 163 103 286
Other-13:38-chrM.t AAGAACUGCUAACUCAU tRF-26-DBNIB 26 3.255632 9.550874971  0.006218 0.212905 4.333554 1.0779211 1.5733 21.662 26.524 1.0511 0 4.0896
RNA12-SerGCT GCCCCCAUG 9I1KQO 9 7 3 079 018 495 158 171
tRF-1:32-Lys-CTT- GCCCGGCUAGCUCAGUC tRF-32-PSQP4 32 3.108546 8.62512955 0.001169 0.103413 12.23437  9.1258264 4668.7 4126.6 3978.6 630.66 520.04 403.50
2-M2 GGUAGAGCAUGAGAC PW3FJI01 1 5 6 912 145 743 946 376 889
tRF-1:24-Val-CAC- GCUUCUGUAGUGUAGUG tRF-24-Q99P9P 24 2.716024 6.570598587  0.018798 0.275206 4.502206 1.7861807 4.7199 10.831 44.207 1.5766 4.9060 5.4528
2 GUUAUCA 9NF2 8 8 3 237 009 492 736 732 229
Other-53:69-chrM.t UAACUUGACCGCUCUGA tRF-17-UIX1Q7 17 2.695146 6.476195696  0.049764 0.397473 3.363425 0.6682788 3.9332 3.2493 20.630 2.1022 0 0
RNA2-ValTAC L 6 5 7 697 028 163 315

Other-9:28-tRNA- CGUAUAGUGGUUAGUAC tRF-20-MQ18Y 20 2.691857 6.461448994  0.042060 0.374193 3.454932 0.7630744 22.026 0 10.315 1.0511 0 2.7264
His-GTG-1-M2 ucCu 3E7 7 1 4 31 082 158 114
Other-43:71-chrM.t AUGUUGGUUAUACCCUU tRF-29-INRXU 29 2.675351 6.387942645  0.007234 0.213413 5.097446  2.4220943 7.0798 11.914 72.205 6.8322 0 2.7264
RNA5-MetCAT CCCGUACUACCA RYRSIE2 4 3 855 11 571 524 114
tRF-1:31-iMet-CAT AGCAGAGUGGCGCAGCG tRF-31-FP18LP 31 2.644830 6.254222144  0.006677 0.212905 6.854278  4.2094473 306.79 18.412 33.892 6.8322 63.778 16.358
-1-M2 GAAGCGUGCUGGGC MBQ4NKD 5 8 3 504 716 411 524 952 469

tRF: Transfer

RNA-derived fragment.



Supplementary Table 2 Use the expression levels of 5’-transfer RNA halve-
lysine-CTT, alpha-fetoprotein, and abnormal prothrombinogen to

distinguish hepatocellular carcinoma patients from healthy donors

SEN SPE PPV NPV AUC

5’-tiRNA-Lys-CTT 0.8545 0.5000  0.6309 0.7746  0.673
AFP 0.5818 09455 09143 0.6933  0.755
APT 0.6455 0.8455  0.8069  0.7046  0.804
Combined diagnosis 0.7636  0.8909  0.8750  0.7903  0.930

tiRNA: Transfer RNA halve; Lys: Lysine; AFP: Alpha-fetoprotein; APT:
Abnormal prothrombinogen; SEN: Sensitivity; SPE: Specificity; PPV: Positive

predictive value; NPV: Negative predictive value; AUC: Area under the curve.

Supplementary Table 3 Use the expression levels of 5-transfer RNA halve-
lysine-CTT, alpha-fetoprotein, and abnormal prothrombinogen to
distinguish early stage of hepatocellular carcinoma patients from healthy

donors

SEN SPE PPV NPV AUC

BCLC 0/A 5-tiRNA-Lys-CTT 0.6136  0.8545  0.6278  0.8468  0.764
BCLC 0/A AFP 04545 09455 0.7694  0.8125  0.667
BCLC 0/A APT 05455 0.7909 05106  0.8131  0.726
BCLC 0/A combined diagnosis  0.6591 09182  0.7632  0.8707  0.913

BCLC: Barcelona Clinic Liver Cancer; tiRNA: Transfer RNA halve; Lys: Lysine;
AFP: Alpha-fetoprotein; APT: Abnormal prothrombinogen; SEN: Sensitivity;
SPE: Specificity; PPV: Positive predictive value; NPV: Negative predictive

value; AUC: Area under the curve.



Supplementary Table 4 The target genes of 5’-transfer RNA halve-lysine-
CTT predicted by miRanda, TargetScan, Rlsearch, and RNAhybrid

databases

Gene symbol miRanda RNAhybrid RIsearch TargetScan
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BACE1
BACE2
BAGS
BAG6
BAHD1
BAIAP2
BAIAP2L1
BAIAP2L2
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BAIAP3
BAK1
BANP
BAP1
BARHL1
BARX1
BARX2
BATF
BATEF2
BATF3
BAX
BBC3
BBLN
BBS1
BBS2
BBS5
BBS9
BBX
BCAM
BCAN
BCAP29
BCAP31
BCAR1
BCAS1
BCAS3
BCAS4
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BCDIN3D
BCKDHB
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BCKDK
BCL10
BCL11A
BCL2
BCL2L1
BCL2L10
BCL2L12
BCL2L15
BCL2L2
BCL6
BCL6B
BCL7A
BCL7B
BCL7C
BCLI9L
BCLAF1
BCLAF3
BCOR
BCORL1
BCS1L
BDH1
BEAN1
BEGAIN
BEND3
BENDS5
BEST1
BEST2
BET1
BET1L
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BGLAP
BHLHA15
BHLHA9
BHLHE41
BHMT2
BICD1
BICDL1
BICDL2
BICRA
BID

BIK

BIN1
BIN2
BIRCS
BIRC?7
BIVM
BLACAT1
BLK

BLM
BLOC1S52
BLOC1S3
BLOC1S6
BLTP1
BLVRB
BMALI1
BMAL2
BMERB1
BMF
BMP1
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BMP3

BMP4

BMP7

BMPSA
BMPER
BMPR1A
BMPR2

BNIP2

BNIP3

BNIPL

BOK

BOLA1
BOLA2-SMG1P6
BOP1

BORCS5
BORCS6
BORCS7-ASMT
BORCSS8
BORCS8-MEF2B
BPHL

BPI
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BRAP
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BRCA1
BRCA2
BRD3
BRD30S
BRD4
BRD7
BRF1
BRF2
BRI3BP
BRICD5
BRIP1
BRMS1
BROX
BRPF1
BRPF3
BRSK?2
BSCL2
BSDC1
BSG
BSND
BSPRY
BST2
BTBD1
BTBD19
BTBD2
BTBD7
BTBD9
BTD
BTN2A1
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BTN2A2
BTN3A2
BTNLS
BUB3
BUD13
BZW1
C100rf105
C100rf143
C100rf53
C10orf67
C100rf90
Cllorf21
Cllorf52
Cllorf54
Cl110orf80
Cl1orf86
Cl1orf87
Cl1orf96
C120rf42
C120rf43
Cl4orf119
Cl40rf132
C140rf180
C150rf39
C150rf61
C150rf62
Cl6orf54
Clé6orf74
Cl60rf82
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Cl60rf86
Cl60rf87
C160rf90
C160rf92
C170rf107
C170rf113
C170rf49
C170rf75
C170rf80
C180rf32
C190rf18
C190rf25
C190rf33
C19orf44
C19orf47
C190rf53
C1QA
C1QB
C1QC
C1QL1
C1QTNF1
C1QTNEF3
C1QTNF5
C1QTNF6
C1QTNF7
C1QTNEF8
CIRL

C1S
Clorfl115
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Clorfl16
Clorf122
Clorf127
Clorf141
Clorf159
Clorfl174
Clorf198
Clorf21
Clorf210
Clorf35
Clorf43
Clorf50
Clorf56
C2
C200rf202
C200rf203
C200rf204
C21orf58
C2lorf62
C220rf39
C220rf42
C2CD2
C2CD2L
C2CD3
C2CD4C
C2o0rf15
C2orf16
C20rf50
C2orf68
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C2orf72
C2orf74
C20rf92
C3
C3orf18
C3orf22
C3orf33
C3orf52
C3orf62
C3orf70
C30rf80
Cdorfl7
C4orf19
C4orf36
C4orf50
C5AR1
C5AR2
C6orf132
C6orf141
C6orf15
C60rf89
C7
C70rf50
C8A
C8G
C8orf33
C8orf58
C8orf74
C8orf82
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C9orf43
C9orf78
C9orf85
CA12

CA13
CA5B

CA6

CA7
CABIN1
CABLES1
CABP1
CABP2
CABP4
CABP7
CABYR
CACFD1
CACNA1A
CACNA1B
CACNA1C
CACNA1D
CACNAI1E
CACNA1G
CACNA1H
CACNA1I
CACNA1S
CACNA2D2
CACNA2D4
CACNB1
CACNB2
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CACNB3
CACNB4
CACNG4
CACNGS
CACNG6
CACNG7
CACNGS
CACTIN
CACUL1
CACYBP
CAD
CADM1
CADMS3
CALCA
CALCOCO1
CALCOCO2
CALCR
CALHMS5
CALM1
CALM3
CALMLA4
CALMLS
CALR
CALY
CAMK1
CAMK1D
CAMK1G
CAMK2A
CAMK?2B
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CAMK2G

CAMK2N2

CAMKK1
CAMKK?2
CAMKV
CAMP
CAMSAP1
CAMSAP3
CAMTA1
CAMTA2
CAND1
CAND2
CANT1
CANX
CAPN1
CAPN10
CAPN11
CAPN12
CAPN13
CAPN15
CAPN3
CAPN5S
CAPNS
CAPRIN2
CAPS
CAPZA2
CAPZB
CARD10
CARD14
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CARD19
CARDS
CARD?9
CARF
CARHSP1
CARM1
CARMIL2
CARNS1
CARS1
CARS2
CASK
CASKIN1
CASKIN2
CASP1
CASP10
CASP12
CASP2
CASP8
CASP9
CASQ1
CASQ2
CASR
CASS4
CAST
CASTOR2
CASZ1
CATSPER4
CATSPERG
CAV1
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CAV2
CAV3
CAVIN1
CAVIN2
CAVIN4
CBARP
CBFA2T2
CBL
CBLC
CBLN1
CBR1
CBS
CBX2
CBX3
CBX5
CBX6
CBX7
CBX8
CBY2
CC2D1A
CC2D1B
CC2D2A
CC2D2B
CCAR2
CCBE1
CCDC106
CCDC113
CCDC117
CCDC120
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CCDC122
CCDC127
CCDC134
CCDC137
CCDC141
CCDC142
CCDC149
CCDC150
CCDC154
CCDC157
CCDC159
CCDC169
CCDC17
CCDC18
CCDC180
CCDC184
CCDC186
CCDC187
CCDC19%4
CCDC197
CCDC24
CCDC27
CCDC30
CCDC32
CCDC33
CCDC38
CCDC57
CCDCé6
CCDCeo61
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CCDC66
CCDC74A
CCDC74B
CCDC77
CCDC8
CCDC80
CCDC82
CCDC85B
CCDC85C
CCDC86
CCDC88C
CCDC9
CCDC90B
CCDC92
CCDC92B
CCDC93
CCDC9B
CCER2
CCHCR1
CCKBR
CCL15
CCL17
CCL21
CCL22
CCL25
CCL28
CCL4L2
CCL5
CCM2
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CCM2L
CCNC
CCND1
CCND2
CCND3
CCNF
CCNI2
CCNJL
CCNK
CCNL2
CCNO
CCNP
CCNQ
CCR1
CCR10
CCR6
CCR9
CCS
CCSER1
CCSER2
CCT7
CD151
CD160
CD163L1
CD164L2
CD180
CD200
CD207
CD209
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CD22
CD226
CD244
CD247
CD248
CD276
CD2BP2
CD300A
CD300C
CD300E
CD300LB
CD300LD
CD300LF
CD300LG
CD302
CD320
CD34
CD37
CD3G
CD4
CD40
CD48
CD5

CD6

CD7
CD74
CD81
CD82
CD83
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CD84
CD86
CD8A
CD8B
CD8B2
CD9%
CD99
CD99L2
CDAN1
CDC123
CDC14B
CDC14C
CDC20B
CDC23
CDC25A
CDC25B
CDC25C
CDC34
CDC37
CDC42
CDC42BPA
CDC42BPB
CDC42BPG
CDC42EP2
CDC42EP4
CDC45
CDCé6
CDCA3
CDCA4
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CDCA5
CDCA7L
CDCA8
CDCP1
CDCP2
CDH1
CDH13
CDH16
CDH23
CDH24
CDH3
CDH4
CDHb5
CDH7
CDHR4
CDHR5
CDIP1
CDIPT
CDK10
CDK11A
CDK11B
CDK13
CDK15
CDK18
CDK19
CDK2
CDK3
CDK5
CDK5R2
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CDK5RAP2
CDK5RAP3
CDKG6
CDK9
CDKL1
CDKL5
CDKNIA
CDKN2A
CDKNZ2B
CDON
CDPF1
CDR2L
CDS2

CDT1

CDX2
CDYL2
CEACAM16
CEACAM19
CEACAM?21
CEACAM4
CEBPA
CEBPB
CEBPD
CEBPZOS
CECR2
CELA3B
CELF1
CELF2
CELF4
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CELF6
CELSR1
CELSR2
CELSR3
CEMIP2
CEND1
CENPL
CENPM
CENPP
CENPS-CORT
CENPT
CENPV
CEP104
CEP131
CEP135
CEP164
CEP170B
CEP19
CEP192
CEP250
CEP290
CEP41
CEP43
CEP44
CEP57L1
CEP63
CEP76
CEP78
CEP85
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CEP89
CEP97
CER1
CERCAM
CERK
CERKL
CERS1
CERS3
CERS5
CERT1
CES1
CES2
CES3
CFAP107
CFAP119
CFAP157
CFAP20DC
CFAP298
CFAP298-TCP10L
CFAP410
CFAP44
CFAP46
CFAP57
CFAP58
CFAP61
CFAP65
CFAP69
CFAP70
CFAP90
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CFAP91
CFAP92
CFAP97D1

CFAP97D2

CFB

CFH
CFLAR
CFP
CGAS
CGREF1
CHAC1
CHAF1B
CHAT
CHCHD10
CHCHD4
CHCHDS
CHCHD®6
CHDI1L
CHD2
CHD3
CHD4
CHD5
CHD8
CHDYNB
CHEK2
CHERP
CHFR
CHGA
CHIBL1
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CHI3L2
CHIC1
CHID1
CHIT1
CHKA
CHKB

CHKB-CPT1B

CHL1
CHMP1A
CHMP2A
CHMP4A
CHMP4B
CHMP4C
CHMP6
CHMP?7
CHP2
CHPF
CHPF2
CHRAC1
CHRD
CHRDL2
CHRM3
CHRM4
CHRNA1
CHRNA10
CHRNA2
CHRNA4
CHRNA7?
CHRNB1
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CHRNB2
CHRNB3
CHRNB4
CHRND
CHRNE
CHRNG
CHST1
CHST12
CHST13
CHST14
CHST15
CHST6
CHSTS8
CHST9
CHTF18
CHTEF8
CHURC1
CHURCI1-FNTB
CIAO1
CIAO2B
CIAO3
CIAPIN1
CIB1
CIB2
CIBAR2
CIC
CIDEA
CIITA
CILP
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CILP2
CIMAP1A
CIMAP3
CINP
CIR1
CIRBP
CIT
CKAP4
CKB
CKLF
CKLF-CMTM1
CLASP1
CLBA1
CLCC1
CLCF1
CLCN2
CLCN3
CLCN4
CLCN5
CLCN6
CLCN7
CLCNKB
CLDN11
CLDN14
CLDN15
CLDN16
CLDN18
CLDN19
CLDN2
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CLDN22
CLDN3
CLDN34
CLDN4
CLDN5
CLDNG6
CLDNY7
CLDN9
CLDND1
CLEC10A
CLEC12B
CLEC17A
CLECIA
CLEC2D
CLEC2L
CLHC1
CLIC6
CLIP2
CLK3
CLMN
CLMP
CLN3
CLNb5
CLN6
CLN8
CLNK
CLPB
CLPP
CLPTM1
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CLPX
CLSPN
CLSTN1
CLSTN2
CLSTN3
CLTB
CLTC
CLTCL1
CLUAP1
CLUH
CLXN
CLYBL
CMBL
CcMC2
CMIP
CMKLR1
CMKLR2
CMSS1
CMTM3
CMTM4
CMTM6
CMTM7
CMTR1
CNBD2
CNBP
CNDP2
CNEP1R1
CNGA2
CNGB1
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HIP1
HIPK2
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HJURP
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HMSD
HMX1
HMX2
HMX3
HNF1A
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HNRNPA1
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HOXB13
HOXB3
HOXB4
HOXB5
HOXB6
HOXBS8
HOXB9
HOXC11
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HR

HRAS
HRCT1
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HSPA12A
HSPA12B
HSPA2
HSPA4L
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HSPB2-C11orf52
HSPB7
HSPD1
HSPG2
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HTR3B
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IFNAR2
IFNGR2
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IGFN1
IGHG1
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IL17D
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JRK
JUN
JUND

JUP
KALRN
KANK1
KANK2
KANK4
KANSL1
KANSL3
KARS1
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KAT5
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KCNB1
KCNC1
KCNC3
KCNC4
KCND1
KCNE3
KCNE4
KCNE5
KCNF1
KCNG2
KCNG4
KCNH1
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KCNH6
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KCNK4
KCNK5
KCNKY?
KCNKO9
KCNMA1
KCNMB1
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KCTD9
KDF1
KDM1A
KDM2A
KDM2B
KDM3B
KDM4A
KDM4B
KDM5B
KDM6A
KDM6B
KDMS8
KDSR
KEAP1
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KIAA1671
KIAA1755
KIAA1958
KIAA2013
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KLC2
KLC4
KLF12
KLF13
KLF15
KLF16
KLF17
KLF2
KLF6
KLF7
KLHDC3
KLHDC4
KLHDC7A
KLHDC7B
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KLHL40
KLHL5
KLHL6
KLHL9
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KPTN
KRAS
KRBA1
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KRTAP10-3
KRTAP10-4
KRTAP10-9
KRTAP5-10
KRTAP5-4
KRTAPS5-5
KRTAP5-7
KRTAPS5-8
KRTCAP3
KSR1
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LAMTOR4
LANCL2
LANCL3
LAPTM4B
LAPTMS
LARGE1
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LCOR
LCORL
LCTL
LDAF1
LDB1
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LDLR
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LGMN
LGR6
LGSN
LHFPL2
LHFPL5
LHFPL6
LHX1
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LMTK2
LMX1B
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