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tRFEZINRER MR

g ©pE T
("B TR R 2B, BB 650500; 2 R BHEE TR 2= M B Rt/ = A 56— NIRRT AL, BB 650032)

HE  F%HABRNAMCRNA)ZIE %A E A2 LA TEH4HRNA, ERNAGITA K
FA(tRF) 2 — K #734 49ncRNA, MRk M S R L IC T % F B RIELETZEA, f ~2 B L0
Mefid = 4. Yo, tRET A2 4K B R GA KT, A 4 A 80iF; HRFS afiee) A& £47. 3.
MMEE AR A, B, (RETHRAFHK SRR, wRE. WERBITHARK. LEAATLT. %
SN ZBANBIRFG K. TZAMFAERARS T FEMAEWE EFHRF ..

XBIR  (RF; 2% BV Thee; AEWsorik; s B2, B

Function and Research Methods of tRF in Cancer

CAO Yue', YANG Hui*, WANG Wanpu**
(‘"Medical College, Kunming University of Science and Technology, Kunming 650500, China; *Department of Pathology, Affiliated Hos-
pital of Kunming University of Science and Technology/Yunnan First People’s Hospital, Kunming 650032, China)

Abstract

tRF is a new type of ncRNA. More and more studies have found that it plays important roles in many aspects, rather than

ncRNA (noncoding RNA) is a kind of RNA that does not encode protein but has important function.

a simple degradation product. For example, tRF can control gene expression, regulate transcription and translation, and it
is closely related to cell self-renewal, proliferation and differentiation. Therefore, tRF may be involved in a variety of dis-
eases, such as cancer, neurodegenerative diseases, immune system disorders and so on. This paper mainly introduces the
classification, main biological functions and research methods of biomolecules and bioinformatics of tRF.

Keywords tRF; classification; biological function; biochemical method; bioinformatics; database

1 tRF{E T X INEE
1.1 tRF#EZRR T

tRNAFTA F Bt (tRNA fragments, tRF)H 7 {4
tRNAFT S RNAF A, KB N 14~30 ntff/h Fr
BAEGRIS RNAN, R VSN R 4600 B (RF A 70 5
ANFHI A tRF-1. tRF-3. tRF-5. i-tRFLLJ% tRF-
22, tRF-1E T i /4 tRNA 3'4E4i 15 X (non-coding
region), F1 P V) EERNaseZ s ELAC2 87 {1 ik *; tRF-3
HH A tRNA 3K i ™= A, A% W5 A% B 9 1) Tl

Wk H 3#A: 2022-08-25

B2 H Y 2022-11-21

(Dicer). I E(ANG). TyCIRAMIEEEE M THA
EYYI R, I8 S CCAK I 7 519, tRF-5 H AR
AR RNA 5% 774, 78 DIF ok DI 5 SO S 130
Z B A ZE X 4 DicerBY V1M 1% s i-tRF 3= R YA T 1k
HARNAFTA A0 IX 38, (E AN 75 5 113 0 (RF-2
J2 HItRNA [ J52 25 57 PR 24 fife i e 17
1.2 (RFEZEEY)FIhEE

tRF A /N5 miRNA (microRNA) AL, {HEL
miRNAFREVETELF, F T . (REHLUR R PE

E 5 H AR S GAES: 81660238) 7 F 4 JEAHT 78 1 %I (FHEVE S 202101AT070238) 248 B 224 R £ A A T H (3 E S H2019001) A1 2 5 44 I A

[ 2 T O H (GRS 2020LCZXKE-XY 13) % W i
*EIEH . Tel: 13888417808, E-mail: 828986@qq.com
Received: August 25, 2022 Accepted: November 21, 2022

This work was supported by the National Natural Science Foundation of China (Grant No.81660238), the Fundamental Research Program of Yunnan Province
(Grant No0.202101AT070238), the Yunnan Medical Discipline Reserve Talent Project (Grant No.H2019001), and the Yunnan Provincial Clinical Medical Center

Open Project (Grant No.2020LCZXKF-XY13)
*Corresponding author. Tel: +86-13888417808, E-mail: 828986(@qq.com



492

P AH M DL S I I e, A8 FLAE B . AR
P50 A 28 28 G0 9 o S B K5 A B A B A
I Ee®, (REE &ML R EEMEN, TS5 &
H 5t BRRNAAH BAE F, 18775 8 5 AH DSmRNA ) £ €
P, B R A R A T R ZEMERD),
AL FEPRFUR I R LR (% BiE. Rt
BB dEMDIREX PR TT AT A 4H, HAE R T
tRFLEAN A H B AR AL FE(R 1)
121 AFEABERZ (1) REXFEFHLHIE
Ao (REEARRHLHZ 5T, RS
AGOE XL A+ SmRNAM 7 Fr It 45 A fd JE A

A HEFEN GO A 52 50 B4 1 AT KRS o6 7y
Mt , KILRFH1 | AGO1(Argonaute 1)2K [ oK1
TR AL, KUSCUSE PR 7L R I, (RNATE R
LA E I RF-35 8 RNAE SUTERE & 1K (RNA-
induced silencing complex, RISC)[] Argonaute-GW 182
FHOCIE, DA B AN M) H ASmRNAREfE . —Lemt
FEN LB IT Ago-H I UTIE (Ago-immunoprecipitation,
Ago-IP) &5 G AAE 7 i KN, tRF-5F7E T 24 Ago-
IPH, 1fif tRF-355 Ago2-1PI¥AH EAEH 558 5. Ago2
A PR A2 AL R N ) B 35 M, 1% B Vs PR
St miRNAR YA B mRNAY)#| 23 C EH 201,
DAUGAARDZ: BUHENN | Ago2-tRF-3 K40 H.AE F vl fig
218 I 4 B R DR R ) B SR R A

tRE0T 258 DA R U 8RO A H Al A FH AL, B s
i HARE A S mRNARSE S 456 o 840 i s 4
fifl 2 Huh7H+ tRF_U3 10 B #5 La/SSB 4 (T 1447
HAEDUE B, WFRLARP3A LaH BBl )24, JF
il La/SSBAA P Rk R RAA . A TER I,
IGF2BPI1 (&% 5 A Fa2 2 gmhid [X (the coding region insta-
bility determinant, CRD)44 & K7 1k MYC(MYC proto-
oncogene) mMRNAZA Y, KRISHNAZE PR I, 7E4E
FI (retinoic acid, RA)EF RS T, e s’
tRF¥ IGF2BP 1A MYC mRNA-E AR E & 4 8,
I H SRF 25 5 mRNASS & 45 1 IGF2BP 1A ELAE
Ho XA EAE S0 1 s dame v, AT
MYCHIRIEER.,

(2) tREXS FHPERERR A5 . (RFIEE 541k
) R EERNA M 57 45 6 ok 52 i HL Rl B 7%, 1X
ToAE EL A FH T DL | Bl g e e A

A TR, (RES L SE AR E R LR %O A

RSy, PlanZ PR B . B R B IR R RE K
BRI T, AT 92 1) A mRNA B 3, LUOZER R B
7 SR8, (REIE IR 5T 1R ST F1 B A4S mRNA
() H R SR AN H ¥EmRNA.  GEBETSBERGERZ:
WHFCR I, W8 84 B (Haloferax volcanii)fERs 5E 1N /)
ZAF R P E I ValRFRE W 5 -2 M /N LB 25 4, 0
1l 57 TR AR R IR BRE T T G . LALANDES )
WE B0 R 77 1) (RF 5 22 A0 A4 Sk 0 i 2 1 5
A e HUTVAGNER/N PR MEAR S E I B - K
JET (RNARRF-5 14 3" & “GG” % IR EE T,
ERE 5 ALNY) Z A iR &) (multisynthetase
complex, MSC)FH EL/EFH, M1 1 o

BriLZ Ab, VF 2 RFIE B A BB R 1E . 76
FLARIE (breast cancer, BC)H i & K IA ) RNALE &
R F %4~ % (nucleolin, NCL)i#Id 454 p53 mRNAK]
5'— 3"UTRBHIEFC G X IR AN H p5 38 1%, (RF3ES
NCL 34 VA BAEH, 1853 mRNAR B 3 H8
B, MR R A A KUY, KIMEEPIRE AR, 7
I L3P0 K JE T LeuCAG-tRNA [ tRF-3RE 8 45 &5
Z /D PPAZFE RS 1 mRNA(RPS28F1RPS15), LA
SRENEVEF , Sl i ORRRAZ R A B 1 S28 /KP4
KRB 5 . FRICKER/NAL P58 1 A & QA R
(Trypanosoma brucei)FIFIVEEIE DIfRE, £ tRNAATA
f)/NRNA(tRF&HRNA, tsRNA)FEAER AZHEAR I
FEUE B A M mRNAZK 4 & 1 1.3 3.84%, XK
T tsRNAT]HE s EH et an /e

(3) tREXFFRABAEAZ MR T o J LI 738 9,
tRF R 38 3 5 00 A ] 110 3 00 368 A% 1ok A% ke 1 1 Bk R 5%
%,

N — 5 IE BRE TR VR I P YR PERF ) R e 1
FVE VAT BRAR A T 5% S5 4B, B TR N 52 R I e IR
Ji 0k € (high-fat diet, HFD)ME 7% /N SR ATA2 ) sncRNA H
mSCHImM2GHE I & 1 7K T 2 2 32 1, X R BHRNAE
AT B 2> SRS 17 A (RFs AR ) R AR T g, AT
TR HEF R R BUE J5 AR B RECS . — T A28k
TR TR I, fERERE T 40 i P sRNAZK P20 &
TP AT R B, SEBURSRNA AR 58 71z
B EG AR B IR OC, 15 R 2 FUE OGP, X
Ftst NG T FRtsRNALK A T 79 0 B s 7 5 5 5
A IR AL FRARBRAR U s AR B E

B, BOSKOVICE: YR 58 & BIL, tRF-GGTE ™~
24 B Fh AR ALRNA snoRNA. scaRNAFIsnRNAH &
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Table 1 Research on the mechanism of tRF in different diseases
P R4 Fk LR AR SO TEIE AR 225 R
Disease tRF name Up/down Mechanism Affect cancer References
NSCLC tRF-Leu-CAG1, Up Directly target AURKA protein Promote cell cycle progression [10]
tRF-Leu-CAG2 and cell proliferation
Lung ts-101, ts-53, ts- Down Associate with PiwiL.2 protein Inhibition of lung cancer cell [11]
cancer 46, ts-47 proliferation
LUAD tsSRNA-5001a Up Inhibit the expression of GADD45G and the  Promote LUAD cell proliferation ~ [12]
anti-tumor function of GADD45G
NSCLC tRF-007333 Up Bind to HSPB-1 protein Promote NSCLC cell proliferation ~ [13]
NSCLC AS-tDR-007333 Up Interaction with HSPB1 activates H3K4mel  Promote NSCLC cell prolifera- [14]
and H3K27ac to enhance MED29 expres- tion and migration
sion; stimulate the expression of ELK4 to
enhance the activity of MED29 promoter
CRC tRF/miR-1280 Down Inhibition of Notch signaling pathways that ~ Inhibition of colorectal cancer [15]
support cancer stem-like cells (CSC) pheno-  growth and metastasis
types
CRC 5"-tRF-GlyGCC Up Regulated by AlkB homolog 3 (ALKBH3) The level of 5'-tRF-GlyGCC in [16]
plasma is a promising diagnostic
biomarker for CRC diagnosis
CRC tRF-20-MEJ- Up Regulated by Dicerl and positively corre- Promote colon cancer cell inva- [17]
B5Y13 late with Dicerl expression sion and migration
BC tRF3E Not ex- Specifically interacts with nucleolin (NCL) Inhibition of cancer cell growth [18]
pressed
BC ts-112 Up Regulated by RUNXI1 transcription factor Enhance BC cell proliferation and ~ [19]
promote normal mammary epithe-
lial proliferation
BC tRF-19- Up Inhibition of ribosomal protein-L27A Promote BC cell viability, inva- [20]
W4PU732S (RPL27A) by directly targeting 3'UTR sion, migration, EMT and CSC
phenotypes, and the suppression
of apoptosis
HGSOC tRF-03357 Up Inhibit the expression of HMBOX1 gene Promote cell proliferation, migra-  [21]
tion and invasion
HCC LeuCAG Up Inhibition impairs ribosome biogenesis Promote tumor growth [22]
3'tsRNA
HCC tRF U3 1 Up Associate and interaction with La/SSB Suppress viral gene expression or  [23]
protein replication
GC tRF-Val-CAC-016  Down Modulates the transduction of CACNA1d- Suppress the proliferation of [24]
mediated MAPK signaling pathways gastric carcinoma
GC tRF-Val Up Bind to EEF1A1 protein and transport it Promote proliferation and inhibit [25]
to the nucleus, promote its interaction with apoptosis
MDM2, and inhibit the downstream mo-
lecular pathway of pS3
PC tRF-Leu-AAG Up Combine with 3'UTR to regulate UPF1 Promote cell proliferation, migra-  [26]
expression tion and invasion
Pan- tRF-20- Up Not clear Promote the proliferation of tumor  [27]
Cancer S998LO9D cells in vitro
RSV tRF5-Gly-CCC/ Up Exert the function of gene trans silencing at ~ Enhance virus replication [28]
tRF5-Lys-CTT post-transcriptional level

NSCLC: dE/Ntiffaffid; LUAD: fifi i, CRC: 45 B, BC: FLIYE; HGSOC: g ml Up S e, HCC: 4, GC: 8%, PC: YR,

RSV: IR E A M5 25 L

NSCLC: non-small cell lung cancer; LUAD: lung adenocarcinoma; CRC: colorectal cancer; BC: breast cancer; HGSOC: high-grade serous ovarian

cancer; HCC: hepatocellular carcinoma; GC: gastric carcinoma; PC: pancreatic cancer; RSV: respiratory syncytial virus.



494

FEVER, Ho tRF-GGXJ U7 snRNA (K i i 3 #F
2 H I 70 R AR ROR S S B (5T /3 I MERVL
TCA G S A o tRE SR W AT 5 B4 ) oA U5 2
Ji [R T (transposable elements, TE), TEK)#% 338 % %
B 2H B B AT DN A FF 64k 56 32 0B A% A 1 iR 41
il FEBCH XIS OL R, 3'RFEZF R R
ik, DRIHHE AL e HHREF A 3 1 SR T UTBRBILI Y 7
FHOTRE : FHBE18 nt 3/-tRFIH LT #E ) 00 5% Sl 5| P 45
B R T IIE %, 22 nt 3-RFIE T 5AGO2 Bk
K TR BERNA I FE R J5 U ERMY.
122 AP mieshte  (REBITFITRREBRIER
A1 S3E 4 Pt 4 B RN 441 R B R

TEIEE M, (REATENNIEERTE S, B
P2 B R S B 1 24402 B U, (RE
B T R R AL BTG R EE BT o A
KW tRF-3027 5 RISCH) H E A 7y AGOZE &, 1
FH 1F 42 il &5 1 A1(replication protein A1, RPA1)[#)3K
15 M H 40 B 36 4 42 . COSENTINOZE WUk i,
RNA G FH S AL 22 TR B S'-tRFsO™ 1% B
3 TRMtRNA H EE 6 #2 [ (tRNA methyltransferase
10A, T10A)6k = 2 FEURBRPAMISET:

tRNAGTAE /N RN AR R BLAE 8 i rp 488 K%
T, EATEI SR T A PEAN [F) 7K1 B0 2 R R A
JiE R FE CBEVE R ", t(RF-Leu-CAGTEIE/NH i
J (non-small cell lung cancer, NSCLC )4 £ Fl &
HA v mRIE, B9 T NSCLCH O I A(aurora
kinase A, AURKA)FIiE M, it 7 NSCLCZH Al
(I3E5E , R R T Go/Giat i i Bk e 10, tRF/
miR-1280/2 K H tRNA""Hl pre-miRNA[) 17 bpK: 1]
J B, AKs NotchPt Ak JAG2RERE N B e 45 A5 s
P T 0 ) SRR R T A A 40 Y (cancer stem-like
cell, CSC)FK AL ¥) Notch /5 518 I KA il 25 7 B
YRR FE R 1S . BALATTIES: MR B ts-46.
ts-47 1 ts-53 [ TE T 5 H1299F1 ASA94H il REETE T
B L8 /b . ZHOUAE Wil 1 i i# miR-Catch i) 77
TR 2 Bl A 15 22 PR Aar U HIE S tRF5-Glu B 4 5
LR e L R PO ME IR 25 W 24 P E 1K 3 (the breast
cancer anti-estrogen resistance 3, BCAR3) mRNA[]
3'UTRAL 456 R Ty HLeak, AT 4] 1 g 4 i
1G5 .
1.3 tRF5miRNA. tiRNAK)F[F]

CAW R, V2 HEE A4 ISRNA (small non-

coding RNA, sncRNA), #TmiRNA. tiRNA% 5 (RF
TR AWk A T T R S5 AN [R) 5 THT b A7 76 A B
PE. miRNAMAEY R A+ 54, 895 40 Mk
FGH T ) — RAN AR, X5 (RFFTERGE
A B, R mIRNAMZE T AGOE 1 5
GW 182(glycine-tryptophan) A& #H 5 &5 [ — &2 A4 5 1)
RISC_ M4, miRNAJE AT 5% A% T 2~ 7 1 Fof
T AR A SE mRNAF) 3'UTRI H AN 51, FE5] %
RISCE12 DX 3 M il 26 5490, 2 miRNAS #5642
AN, B mRNAT] 4 B )RR AR A58 4 FLAD
i), miRNA LLIE 5 FEEOG 177 2 I mRN AR ¢ P
SRR e SRR AR

tRFI TN HE S miRNAZEL, 7S 55 mRNA
f113'UTR. AGO# [ & HAth i A 45 & T2 B RISC, )
HIMRNAZRIE L, Fldn, 75 8w b 55 R IA 0 tRE-
3017AME I 5 AGOE A 45 & K B RISCK I 717 e
N IR NELL2I(FIE Y, WANGE: SR B, tRF-
24-V29K9UV3IUH] LK ¥ miRNAFE DI fE, 5 AGO2
4h4y, JFiET 5 GPR78 mRNA3'UTRE: &, BT
ER GPR78IRIE . 5 (RFAILL, miRNAEH KT
AGO H M IAD miRNAZE A & F(miRNA binding
protein, miRBP){T{{i j g, HHAGOR] LA#; BimiRNA
R4 B0 TR - OR AP AN A O, (L RFRE S B
ITHEYIThAE R YT, IXF I (RFEL miRNA B A2 5 13
&, H A 09 77 T A 4% 58 B 3 14
)Eﬁ[l]o

tRF 5 iRNAAEY) & O FE IR 5 AL, 2
DX ) 2 B AN [ (K RN DI . 7R NS
4~ HANGMURNA S #0513 B U] £E 130~50 nt
] tsRNA#FK N tiRNA(tRNA-derived stress-induced
RNAs) 7, 254 F (RFEA AT miRNA R SR
I3 FRFEE HRNAAN B S BRI /2 5 1Y,

tRFAiRNA ALY T B ELAT AU, i) 79
PERCARFIAEAR | A g2 WL I8 A% (R 7~ L K 15 41 a1
B, R, TS, BN tRF-19-W4PU7328
JH I PR A% BE A S 1 -L27 A(ribosomal protein L27a,
RPL27A)R M) FLIR e A0 f g8 T2 % fESE B e,
5"-tiRNA-His-GTG = 1 1 1l el I8 410 ] PR 7~ Uik lg
2(large tumor suppressor kinase 2, LATS2)#1¥, fif
Hippofs Tl “K M7, m&iFEFAME T, 5
tREAN[F] )2 %A B 7T 8], RNARE S 11514
P B AP AR, EL 3 FE S B TR 5 T ) Th e L
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HIMANTERE D GRNAZEAE R L5 (RFEE —&
(122 5, GRNAE I 5 81 PR AT IR & & 4% Bk #
PR, BN TOGHE 7 S'tiRN AN 5'tiR -
NA“TE 1% G-PU B4 (G-quadruplex, RG4), 1%45 1) 5
elFAGITHEAT 1 45 M3 (RNAZE A [X N & 4 IR 5T 45
RSO AR, XA A BAE B3R T elF4G/elFAF
Em'GTP mRNATME I (R e i, AT 0 i 38 28 5070,
tRFA tiRNAS N F B R G AGOMPE A1 HEIK
MR T, AGOTE H45620~24 ntff)/NRNA,
IEHRNAT] BEA 2 45 A0, JEHNSECTR I, 78R
K Ik, 5 E S S XI55 H R 3'UTR
455 W miRNAFE AT AR, S HRNATE 7 4]
R PR R R TER , H A% 3'UTREL CDS(coding
sequence)-5 S"HRNA 1) A1 [H] X 30 55 25 01X 2Lk
PRI, AGOE (1] GEA /& A1) > ) tsRN A K [H]
R MR SN B 1T

2 tRFEAR 534

HH T tRFRF E A2 4 25 Dy et 18 42 b 8 240 e 1)
PRI IR EH AR R, B LARIE FT (R Fs7E 20 K
AR R G R A R A LA R T AE FH DL B B AR 4 T L
], kTR AT EE I A bR 0 A DL ECHT I 259 1 F
MEAEEZ . I RF THLHIBE T FE, £
TGS FAY ST E M EN G B0 A
FIHE T IR 53 o0 T HE A 5 S50 T B B B A B LA
RES] . RNADF (RNA-seq). ST E g 4 5% I
A EE U N (QRT-PCR). RNAHZ JLITIE (RNA
immunoprecipitation, RIP)%§, %) & WL tRFAEY(E
BE o M8 AT 4
2.1 DFEVMERE
2.1.1 f%5|FRNARF  FURESIFIRNA-seq/2 5
TR MIRFRIE A % T,

TR B RS () — b, R4 T 4
A 9 AR IE R 3 DR R A B A T ] A R 1k 2R T I
AR U £y Do s T QR S, I N A PR A TR T 1) 5 R
BEREBIHEAT 22758, I IR U ER & 005 e 5 B Sk 3R A5
BRI A N R IA . FLA s AT DS T BE 3 1
B DA 1 2 DR 3R K R B 0, S s A
T, FLRS W3 R bR, {2 T miRNAREAR & D, 51
J2 I BRI S 7 AU AR AR, 80t 5 % R R Ak
BEVEAR . A& s B . BRAETFIEE 737 458 BOBUEE I i
B (Tm)BAR, 30 745 TC R L3 71, BALATTI

5 (A2 4 9K E 41 B2 19 955 (chronic lymphocytic
leukemia, CLL)FIfifE [ tsRNAF X ME L BEAT 43 #7
I tsRNA R e A& Je i AH 5% K g A0 ML | 1) o B2 52
Wi IR 35 AT BB o B A RNARE A 24 52 381 5 il )
tsSRNATIBEFN S Fr b, WL 1A BSOS MY Ch 5
ERL B9 N 28 bk B 2 i o ) tsRNA R TA AR 30, IF R B T
15/~ tsSRNAFIHRFAE, HoA ts-47/2 MYCHUE J5 N B
BRI —AN 2% FRBETT U5, FARINA/NAT R
iff 7 LR HH tsRNA TR R IA 52 717 52 % 53 K- RUNX
(IR, R 2 50 0E 1 B 8 X tsRNATYFE S 4T
I3HT. 25 R BIRUNXI 55K 5 U A tsRNA K IE K
PR ts-19H1ts-295 RUNXI(RUNX family
transcription factor 1)3& K o 28 /K -F FEAR 2
TEAHIR, ts-46M1ts-112747 7 5 RUNXT B R i bk st i %
ik B AR,

RNA T (RNA-seq) 2 {8 FH v 18 20 Fp oA 3
AT AT I RR, AN TR ZE A B v R B S, AT
o KT R s, R A 22 Bk RN AR R A& K7 B+
A3IE R T RSN AESR TS RNA2 . RNA-seq AL
SALE T i M T RO A AT EL RS R ) A
IF) ZH GURE A DL R P9 IR A AN 25 T TR A [ IR 355 [
B mar R R E R AR B RS
B 0 ] AR BT FEARE AN A 0 B neRN A 79,
(B3 J7 9 A7 A Ja3 R AT e 30 i s sk e K %2
BHmRNAJHL 55 HAT AL B, 75 XFTRNABE B cDNA%E
HEAT i BoAk, (R38R T Re o i = A M 22, B &
KRG HARARAE ARG Rk il @ ; et sy e, el
BURERISN BT 2 AN R AL B 1 B2 52 g 221
Bl i 3, KUSCUSE BT RNAHEAT i 4%
FIFIRNA-seqFR 13 13 00073 4K g 508 (1) K fic
X AR I R B, 8 o o A K S S B e 24 UE
B tRF-3009afE 7 3% 5 51 5 AGO LAAK#6: Dicer [ 77
AN FEFE R (1) £k . KRISHNAZEPD T 78 tsRNA
RS, A FE KM T80/ RIEG T 40
(mouse embryonic stem cells, mESCs)H $ZH{ RNA I
BEAT /N RNATN PP, 15 H 500 28 5301 Ja S IR JE T
YHMIFEIRAS A ELTE RS T 50-tsRNAR A FF S &
£,

2.12 qRT-PCR  qRT-PCRUJ )} N =FEASH .
DNAZE A 4kl (SYBR Green I). 3% TR 102
% (TagMan. Scorpion. 75 T{EHR. ZRSERER )
KGR 5 P03 (Amplifluor. LUXIE514). H
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DNAZE & ek (SYBR Green D) N WL, FEA R
B f s 86 1 FERE 7 1 DNA YR 25 £ 310U DNA
WA SR SORNEOR 9RO, BLSKRAS I PCR
AR ZRY G = U7 i TTVE R R RN
FEATXUEE DNABEAT i€ &5 o BOrHRER A is b i
A WG RERERF KT BRAER R, BhAERESS
& T A DNAXUEE , Al RES ™ AR K& 511 — Rk 51E
BRI, LG AR Al AR e 4, R e A %
T TRACTEHAT S5 B2 B AR AIE A R U7 o T
— PCR™WII S S, W] b O B vt 5 )RR & ke
St HREFIIREL L9155 RIS, Pt
RSPt A& H T (REF A 5. gkt ) &,
H AT A =R 7%, EA15 miRNAK I 7 20
ko B —Fiohn R - M FH SR M IR 5K 5 B AE 3"
Fpoly(A)REL, SR )5 1 FH 5% 4 poly(T) B3 FH 51 4
BEAT WG SR 5 BOR FH TAZE RIS BT A 43 F A i -
HHFH, AR T AT R U 5 R
I FIHZ IRIRRE I 5 3 mah &, Wi
NEAMN) cDNAJGBEATY 1Y, 7 vE R et Al
o0l F 371 v FEEARBAR [R) SR 23 7000 38 = on e kv
8 FH Arraytar/s &) A4E 77 (1] rtStar™ 55 — 2% cDNA &
B AE L BRI B 1) 6 RNA 3% 5 53 78 4%
3k, ST sSRNA B A 751 7%, #£ qRT-PCRIT
R SIS T 3K BN cDNAGR 6 16 I
HAMNFA, #E— BN TR T, SCHORNAE!Y
41 H A R I A YR 4 30 4% 9 5 (endogenous
retroviruses, ERV)Z %, IAP(intracisternal A particle)
FMusD/ETns2 T % [R5 A, 7EI00 i 3 4 JAR 5206 vh 4
tREsSRZUAM ] . Ayl & 5 e 4 il F MusD(a coding-
competent) A ETrn(non-autonomous) 1R IE K, 735
AT %8 B TaqMan qRT-PCRAS V-3 4% 5 /K1, e
Ja 2R AN AR FEELRNA, s A] K00 ) Mus DA ETn ]
ik, I H AT B0 5 o B () . QIN
5 BRI 5T tsSRNATE B #5451473 (spinal cord injury, SCI)
JEDhRe/E AR, 8 AR AE A A HH tsRNA,
NI TE K 1A AL %, 81 qRT-PCRI —
B AIF tsRNA S FyB 7E S8 i mRNA, 7331 1) QRT-PCR%L
P R SXT R AR L, SCIHL X Sefr bty i3 .
STEPHEN/N B2 il RNA-seq % 7€ H —Fh 4 da b
PE/NRNA, ERGL LIS T K AEE .
BEATQRT-PCRI; T, AR 58 2 41 52 il (1) 51 ) 5 4R
FHRG AT HET T P qRT-PCRI MY, 45 SRR BT B

P2 I A RO H /N RNA, o7 AL HE, RE T
sSRNATE S W A\ 25555 77 TH 9 77 -
2.13 RNA#%ZEHITE  RNAGRIEILITIE (RNA
immunoprecipitation, RIP)& H T 7t RNA 5 & 1 45
A IEOLAIRNA FE AR AAL R AR . B AR
F B A58 A I PUARHEAR R [ RNA- A 2 &Yl
IOk, FREAT 7 B AR AT R ERNA, A3 HRNAT]
3 I AR A 1 R HLK O 4 KNI AT S e, BOR
F e S0 75 RNAJE ST b . AR s D BR
L REUE S, TR TE R AIRNA, G EgR g
S SCRNAPS 5 i Sy H T AS 2 Jl 0 AN S AR LA
R, B s B Pess Be s 2 A Al e {6 5 RNASS & H H
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Table 2 Common tRF Databases

Ry fa s ik EE BN

Name Introduction Website References

DASHR v2.0 Integrate databases of all major categories of human sncRNA genes and  https://lisanwanglab.org/DASHRv2 [89]
RNA sequence maturation products

BBcancer Data on the expression of various RNA types (including tRFs) in 5040  http://bbcancer.renlab.org/ [90]
blood samples from normal people or 15 cancer patients were included

GtRNAdb The genomic tRNA database contains tRNAscan SE’s prediction of http://gtrnadb.ucsc.edu/ [91]
tRNA genes with complete or near complete genome. The data can be
retrieved using sequence or genetic characteristics

MINTbase Mitochondrial and nuclear tRNA data (MINTbase) is a repository of http://cm.jefferson.edu/MINTbase/ [84]
tRNA fragments (tRFs), which can obtain information about tRF maxi-
mum abundance, its specific data and its parent tRNA modification

MINTmap tRF is identified and quantified by mining deep sequencing data, and the https://github.com/TJU-CMC-Org/ [92]
original and standardized abundance of tRF were calculated MINTmap/

PtRFdb The database specially developed for plant tRF analyzed 1 344 sequenc-  http://www.nipgr.res.in/PtRFdb [93]
ing data sets and predicted different tRF types (i.e. tRF-5, tRF-3 and
tRF-1)

RNA FRABASE It can be used to search 3D fragments in 3D RNA structure, using the http://rnafrabase.cs.put.poznan.pl [94]
sequence and/or secondary structure given in dot bracket representation
as input

SPORTS1.0 Optimize tsRNA from sRNA-seq data and rely on nucleotide mismatch  https://elkss199cd- [95]
in sSRNA to predict potential RNA modification domains 2175108d157588c04758296d 1 cfelib.

link.nbu.edu.cn:8443/junchaoshi/
sports1.0

tDRmapper Tools for mapping, naming and quantifying tDRs, while annotating and  https:/github.com/sararselitsky/ [96]
quantifying mismatches and deletions, help to discover the biological tDRmapper
function of tRF

tRF2Cancer It is used to accurately identify tRFs from deep sequencing data, includ-  http://rna.sysu.edu.cn/tRFfinder/ [97]
ing the expression of tRFs in 10 991 samples of 32 cancers, and evaluate
their expression in various cancers

tRFdb The first tRF database; retrieving tRF sequences may come from tRNA  http:/genome.bioch.virginia.edu/ trfdb/ [98]
genome coordinates and names

tRFexplorer This system allows the study of the potential biological role of tRF in the https://trfexplorer.cloud/ [99]
absence of direct experimental evidence. The database contains 143 differ-
ent tRNA derived ncRNAs, which are classified as tRNA derived fragments
(9 tRF-5s, 45 tRF-3s), tRNA derived microRNAs and tRNA 5’ lead RNA

OncotRF The use of a highly conservative filtering strategy ensures robust results  http://bioinformatics.zju.edu.cn/Onco-  [88]
of downstream analysis, including exploring tRF function and identify-  tRF
ing diagnostic and prognostic biomarkers

tRFTar The regulatory TGIs contains 25 281 tRF targets, and has the functions  http://www.rnanut.net/tRF Tar/ [87]

of customized search, co expression TGI filtering, genome browser, tRF
function enrichment analysis based on TGI, etc.

VIE R AR, AHZ B e AN REAE IR A s hE o Fe
ARG AHOC _EXT (RFFEAT R VR E , Bk 2 5
A e S8 0] e R B 491 i TCGA B P 45 & A
R, AR T (REAEJRE T A . GUAE B A
MINTbase v2.0 M J#fiE 5 K] 2H ] 3% (the cancer genome
atlas, TCGA) 52344 Sk 30 iR 41 fu J& (head and neck
squamous cancer, HNSC) 3 Hh 15 t(RF R 1A F 4k

H 57T HITCGAIMREHE K, HL¥5E 23 4134
F = 1.05 1 )5 #1322 (reads-per-million, RPM)]
FRARNARTA B, LA — BB S EA A TS
bR EYV LR & . ZHOUZEBYEE T MINTbase v2.0
HVERE A TCGAREA Il R A5 5., 7E-EFh TCGAJE
iE R oh i 3% Je8 iE AH 9% tRFs(cancer-associated tRFs,
ca-tRFs). [ifiJ5 18t %4k B tRFTar s 1) AGO
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IrF BIRF-HE LR AR BLAE 3 4R, €47 1 ca-tRF
I IR R B SR DR A e 1860, 3@ i tRF Tar B4 2 40 A7
146/ 22 1k A 2 T vE A vyl & 0 75 (high-throughput
sequencing, CLIP-seq)¥#& 4, X 1E K AGON &
] tRF-# &[R4 F 1 ] (tRF-target gene interactions,
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RE, FARYE 8 FH 3 08 X BER Pl tRFRIE K- Sl
PREE FEAE DG, I HiR 2 i fE ZiKaplan-Meier4:
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3 RE
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FIRHAAE S, BT H AR RS BB . (K
2 HURFAIH A RNAGTAE Fr B0 AE A B £ Th
B RV R A . 7 AR FIAL4 ) (RNA A BUE
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