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tRNA T4 FEZ#0 tRNA F 49 T8
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AT HWOAR IR
(TUERFBEE BRI 54 T ARG, WAL AT AL AR5, T4k 315211)

#E  RNA A74: K BL(tRNA-derived RNA fragment, tRF)F1 tRNA 73T (tRNA halves, tiRNA)H &3 tRNA B¢ H {7 /& t(RNA
TEARS SR Y &, BN~ —R ZHEETEREYMEZ ENHFZH T MIERmG /N RNA 7+ F. (RF EEH
tRF-5. tRF-3 Ml tRF-1 %5 3 W2, 435K H )l (RNA B D R E RCEDIRZEX PR ZE 5. T HFFIEE 3/ A& (RNA
B 3R, HKE N 14~30 MR (nucleotide, nt). tiIRNA FEA 5/ tiRNA F1 3’ tiRNA 25 2 W2, R1ERR (RNA &
TR FIRAIE 3=, HAK N 29~50 nt. tRF Al iRNA B5 Z R4 ThEE, BEAT DAE RS B R ENE S 27, X
ATDMENEFERE T E . N5 AR MERm AR AR AT R A PEB AE Ji S M R AE B DI G, B

A B BCAIR IS W R RS 4. AU (RF R GRNA 95028, AW ThRe LS N B I 06 RAE— 48R

LHD RNA GTETEL RNA FAT, SRR, ok

FRAPES Q7, Q5

M BEAZ IR (transfer RNA, tRNA) J& 2K F i
G RO R R BB, BT DURE R )
{51 RNA (messenger RNA, mRNA) 73 H ) % i
¥, BB ETERIE A BN BTG U 2 K.
TEAEYIRH, DNA 77 LI (RNA B[R 2400 5 5%
FCHTAA (RNA, R85 00 T ) tRNA 77 7. K
Z 3 (RNA H 70~90 4% 1 IR (nucleotide, nt)ZH
B fE tRNA ) — R &G MA WA, 5 08
WA, 33 A CCA-OH. =M H 45 1) & tRNA
M B, S R SR E IR (D
) BRIREEBEIR(TYC 3, T ). REM I, 7]
BN, FIHRE . CEURMIEE . R MR
PRUEWERS 2R . (RNA 7 &5 B8 “L” B =
PR, ART (RNA #5707 1 2 B R 3 A AZHE A 1
FEE L. FEARZAE T, tRNA AT LAY & AN [F
It s b, Blhn (RNA I3 &5 Mg IRk ¥ B
FHK.

AWTLRA, EIRZFIEIMI N, 75 Ly e
THEOLR, R tRNA BURTAR (RNA B4 = 1 BT 11
4 tRNA fi7 4= A B (tRNA-derived RNA fragment,
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tRF)EL tRNA £4> T (tRNA halves, tiRNA)!Y. 5§
RNA (microRNA, miRNA). K5 4E%% % RNA(long
non-coding RNA, IncRNA) £l 3§ Rk RNA (circular
RNA, circRNA)ZE 21 0 70 #4 i RNA S+ —#F,
tRF 1 tiRNA [ # ZEVEE A K I — BT[] 4 A\
I Z2ms . {HJ2in], (RF M tiRNA )52 (5%
W R, EATIZARAE T B A ) I 2H 2R A
o, BATH SR IR A G . tRF AT tRNA
FERRRT . AR 0 RN 28 2R G 25 K50
HEA EER IR IR, ARG 25 S
R, B LUR S B 2R P 3 R R
ISH tRF 1 GRNA. SN, ASCIERIZEA 28 (RNA
FHOG R B 3 RN AE D) % D RE R Bl 1, B 28
EAER R A I E AR .
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1 tiRNA F1 (RF B9 2

tRNA A2 7 B 1) 73 98 22 Ak 4 L AE /T 44 (RNA
BB (RNA ERBL A B R e, HETCEY T
AR EHE E (tRFdb;  http://genome.bioch.virginia.edu/
tefdb/), e ARARERR > 744 T AN IRAL K 4 FRD.
BRI (RNA AH G R B RS (L) 175 5 (1)
tRNA. BT B t(RNA (1) J5 2535 7 35 i i 4
SEUEDIET A, KRN 29~50 nt. BAREATJA
Sl N RIEE Fr, ABAE AR LSRR T R A
B, TR ARG SO T 2L T 5T 3
), tRNA W 738 2 WK : 5 tiRNA Hl 3/
tiRNA. HT 751 AR (RNA [ 5735 746 2 & %
TIRZE T, M 5 25 7 0 ) A s 26 RS A AR i 463 48
HACRNA (1) 30 25 o0 3@ 1 A% 0 A% R I I A2 ok
#(angiogenin, ANG; MEEEHFRAN RNY 1) DIHE] =4
) tiRNA B A 5 A 2 5 R ERe ™, &
AIIASIA T it Dicer 8% 1T 2 RNase B U] #] 7= 4= 1
miRNA A1 /N F $f RNA (small interfering RNA,
SIRNA).

D %

[£532)] C
—_— mnn
(1]

REFI

e

SCE T

T4 H (RNA 195 —J/N RNA 7 TR KE N
14~30 nt 1] tRF. X%/N RNA 2T miRNA, H
B SBERRA 3 R BT EAI A, XLk
tRF 70 A 3 N3 : tRF-5. tRF-3 il tRF-11,
tRF-5 Al tRF-3 733l AR (RNA ) 5/ F0 370 7=k,
i tRF-1 MHT/K tRNA K 3757240, (RF-5 fHK B
/NT30nt, 7E tRNA D PRI BB IR 25 [X 2 [A) 241
P, NEEDIS BRI PR 3 M KR, Rkt
—3 ¥ tRF-5 70 4 3 M. tRF-5a (14~16 nt).
tRF-5b (22~24 nt) 1 tRF-5¢ (28 ~30 nt). tRF-3 &
TN K AN 18 ~22 nt, U §E tRF-3a Al
tRF-3b; BT DI B4 s #7E TC b, 78 =il
B EE s T LA B AN (RNA B, B4R
F= I L = B BUAIC 2~3 MR 4.

Bk 7 LI tiRNA Al tRF 4k, i8] fefg HAh s
AU tRNA F L, B0 tRF-2, "B RESE LT
B AR — A RS KB 20 H 8 (RNA
H‘E&[S]_

M2, ATUARMEBE V)AL S AN, B (RNA
AH 3 Fr B 70 N iRNA A tRF(F 1), tiRNA &% H

3’ ll".

s N

tRF-5  tRF-3

S5'tiRNA  3'tiRNA

Fig. 1 Biogenesis schematic of main tRNA-derived small RNAs
B 1 tRNA KIREIEZE/\ RNA =ETEE
tRF-5 Al tRF-3 [ Dicer/RNase 1] B4 t(RNA P AL (SR (A 50): 7 D PO s 5 WA 2 8] 25 X I DD 1077 28 (RF-5, & T S AL Y)%17 4 tRF-3.
5'tiRNA FI 3"tiRNA FH I35 A5 B3 7E U (RNA [ 25605 738 D) 7= A (A 3T 7).
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29~50 nt 41/, 43N 5tiRNA Al 3'tiRNA %5 2 4
W2, tRF#H 4T tiRNA, %) 14~30nt, FESr
4N a. tRF-5. Y5 H R (RNA K 57 3.

b. tRF-3. X} F i 24 t(RNA () 3" #4r, 3%
CCA K¥fj. c. tRF-1. RKJ& T A7k tRNA [ 3'-
UTR X3, H 3'u&HZE UJFH. d. i-tRF.

X F A b 3 B2 A, TR B (RNA 1 A5
X 15

2 tiRNA F1 tRF BIE ¥ FIhEE

S tIRNA AT RF B AR A2 W) 27 T 8 1 R 56
A B, HECRE 2 PR R AR A 2R A
FIhhe. Bln. LA E A mRNA KR
EMES; At C HEAER 4RI T %
e JE AR, R JE AR R e s KRR 00 DA
miRNA FRFE A% 3 PR S 42 A 4G
21 ENHEREPIERESSF

—UERF AR, tiIRNA 75N TR 275
DU 5 A0 A0 BB 2 P it 2. tiRNA 7]
DL HE N 4 R (stress granule, SG) [ 41250, SG
e PR BB R, R NS S
il AHMAE 5 S A0 M AR A A O R R bl B A
M. FEREIAE Y, SG 4135 48 = nT Be 7E IR 46
MR S AN YRS T S i R . RISk
fFR, tRNA EFEE 5HMEER C 4G, Pk
B 5T EEEE AT 1(apoptotic protease activating
facter-1, Apaf-1) & A4 AH B AF F F0 BH W7 5 28 1
caspase-9 V4,  HE T A0 1) 20 B g T 0.

TE 1 1 R 4 L B B9 78 AR R B, 2R A T B
T4 tRNA AF, 360 =4 (RFS. AR, 78
A IR 4Pk, tRF-3 ) 30k & 5 40 i 4 5 R
By iR

AL, tiRNA F1RF Z 5490 BB N, TR
Wa) A BG5S A (R 7R kR B AR BB A
AT, ERBFMT, (RFMREEE
Ll $2 . FEIEH M, (RF A 4Ry R PR
TS5, @ A DG E B R 1 4 )
o MEMIEA T, 50 I (RNA 2R
FH AR AT T S0 B 1 SR 4 AT (2 a2 e e 4 3 4

22 EAEBEFRERFTE

HGERY], (RF 255K H MG EIC,
e N 28 4 9% 61 B 7§ # (human immunodeficiency
virus, HIV) 2 4% 40 g # A5 /> RNA ) 58 iE e,
Yeung SFUVRIL T — AN EFEER L 18 nt K/
RNA. HIV ¥ RNA 5 A\ R4l tRNAY [ 375 7]
B RBUEE RNA 28 A4 s i 1o A5 A 75 300 e o g
tRNAM #7105 /i cDNA JF 78 24 H.4h DNA & 5 5]
9. tRNAY KIE ) 3'tRF 5 Dicer g Al A% 25 1
2 (argonaute 2, Ago2)[P) 4 & & NREEXT HIV 1B
N2 —.

W LB P 2 0 7 T E T (RNA A& B 1%
P4 T BE R EE miRNA. 7R X AN FE o 7= A2 1)
L L — AN AL S RF 194> 1, FL 2 i
RNA Pol Il A (4 3 if & miRNA k&, B J& #%
RNase Z Wi JF, B AT A miRNA &3k, 2R )5
HH Dicer Bk — A2 T B 24 (178 8 miRNAUS YL,
FENRIEEA S, KI T H IneRNA—H 1 5¢
filti Bt J& %% 3% %) 1 (metastasis associated lung
adenocarcinoma transcript 1, MALAT1)[J 3' & %1 il
L R SN tRNA. (78 B2 AR 57 4584, B /& RNase
P 1 RNase Z FIBgM# ™7, B H AT RANE 2
BRI EAARDIRE, HEAE NG A7 AE AT R IEAS
& — ML SEAE. Bltn: £ POPI(processing of
precursor 1)K & 1o R 75 (RNAY ALY
tRNA =i BRELE R, 1R DR Y i i BB % BRI P (1)
—ANEARIEE, J5E RS (RNA 5 S AR,

5'tRF IFA S Ago2 B#% 4G, Hk=S
Agol LA, Agol TEHG 5 FERIUTERAE A 2
T siRNA B miRNA /-5 12

g LR, HEAR tiRNA A (RF 1R SERLFJE
WHEE, A2 HASHFRATIRA RN SR,
AR 2 (FIEHE R W, tiRNA R RF 78 M8 4% 1
NATLMENE S5, AT LS SR .

3 tiRNA #0 tRF E&RFEEZEHIER

LCLRI, HRNA Al (RF 15 A28 % B 50 (1
e SR ARHPERERT . SRR AL e
EYEVIMR(E D).
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Table 1 tRFs and tiRNAs with human diseases
# 1 (RF # tiRNA 5 A &R

NS 37 tRF B, tiRNA Z% R

iryed B 41l itk L3 tRF-3 [24-25]
FLIRE tRF il tiRNA (8]
Ay, 4 tRF-1001 [1]
SR tRF-3027 (8]

M, WA R tiRNA [25-26]

AR B PAFPEAC G KL tRF 1 tiRNA [9-10]
PREE RGP WL i P 2R A 1 tiRNA [27]
LR e tiRNA [27]
WEE 0 RIE tiRNA [28]
PR IR AT M50 tiRNA [29]
1 G4 M AT ¢ tRF 1 iRNA [30]

31 BhiE

S SN EFE . . R EEFFET
S, XL REZ B T L] . RNA KA1
A, Qeta )i EY, R HE T4 4G RNA i
B, s S5 R AR AR 4 e S T e o1k
JigRE 1) R AR Y. NATT EL R TE 2 Tl fie 8 44 ke R B
T RF Ml tiRNA () 55 £ k026 B 58RI, tRF
AT HRNA 78 & 1 T B R E KP4 T s, Rl
ST AE SRS AN AR S AL SR N R B R R
B 40 f otk B A bk b, AT K B RF-3 LA
miRNA JE A0 H 40 f 34 58, I8 15 DNA #2455 )
[P, tRF Fl tiRNA it 45 & —4%% RNA 45 55 H
Woe AL T8 A DI IR e i = A R 2, T L P 3 12
tRF F1 tiIRNA 78 24 35 i #0056 R A . R E
B4R tRNAST [ tRE-1(tRE-1001)7E 22 fh fif 83 20 Jfa Ak
Hrm BRI A MG FE BT L TR M. ANG
SH) tiRNA AMUAERE SG 25 e A3 Bh4n f /e A F 4%
PERAAE, 1 HIEA BT ANG A5 10 18 A= Bl
FEA M5 . GRNA ] DL A4l C I3
B an b L i T, B FOR I, R RIA
(1) — L& tRF A7 Hik) e 40 M 38 5, Pk S sk = 1
XL (RF DB B e FE #0Y. [Rtk, (RF Al tiRNA
BN AE I AR R R B VR FH 9.
3.2 KRR

R 2 (AEPE R, (RF £ dF —Lu 503
HI1 4% . Chen £ B, & RX & (high fat diet,
HFD) A /I B JE ATE AR 5 28 7 JR 3R 30 H B T
R A R R By AR PT, TMAE SR 1S B ARSI A
., B AL, HED J5 A%/ B %5 6 i

25 30~34 nt ] tRF FE A, #F 5N R IE
i B A HED J AR /0N BROZEAT 4 ZE DR AH Lo B
HFD J5 AR S AR . Bk Ak & 4 A B s AT Y
FERRIE KPR ERERD. #4 HFD /MK 7 H 1)
tRF H1 tiRNA V15 2 1EH 325 O rh, 5300 JIR Jiea A fk
Ky 240 A U 3 A ) R DR R o A Y R SR,
RIE, HT tRF 1 GRNA E AR 8L 1 1 —
FoRAR, NF TRESFHAE IR S 25

F— I LI, tRF FEW LIS 1 RO AN
TR R E EAERY. N TR E X R T
RNA HI520, BF5E A 06K & H (low protein, LP)
WER/NREIF 7O, BFRg R, Sk
KRG T BN RNA 5 LP IR BIHEE XN KR,
{EL B 22 o BSCEAKS 7 10/ RNA 28 73 152,
) tRNAGC KPG8 2 Th . g — Bt iR
B, 1% tRNA 0]/ PR IG 20 rhom] R A 5
EAT F 2 s,

kR 2 TR T AH A A Bl R R T AR BN RS T
tRF [} E B2, 1A o 52 M 2 20 — 26 J5 A2 [A]
Rk, AT 5| AR AH B R AR 2L
3.3 HEEHIKRE

tRNA 5 BE tRNA BB 2 51k 2 Fil
ZREPIE . Bt BATH0H RNA BiE 1) ANG
KA K 5 L2 4 1% ] 2% i 4k (amyotrophic lateral
sclerosis, ALS) ) 955 P it #2 40 5¢ . 76 1A & AR W
(Parkinson disease, PD) it # ¥ fibi 2H 23 At & 9 1 —
K ALS HIKH) ANG RAZRE. BEFURIL, K AR
A& tRNA ] —2%& tiRNA 5 #20 E R k™. Y)E|
KRR IRICIE T T 23 1(cleavage and polyadenylation
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factor [ subunit 1, CLP1)/&—FiBTHERT/A tRNA
TR EERG, O IEM SR AT M R
H CLP1 RAF). &% CLP1 RAZEH Al R BN
PR S LG, RN Z R B AN
JEE. AR CLP1(R140H) A fiE 5 t(RNA BT 1488
N V] B (tRNA-splicing endonuclease, TSEN)AH F.1F
M, SEEANE TR (RNA 574260 FHEE0.
TSEN 7£ 3' W & F - B IR D B A, (2
ESEA CLPL TSR, 374ME T 5'-OH A A4k
BERR AL, JF HLAERE S BT HD IR R b e, ax 3
B E YN R ok HO(RNA (I T 831 37 tiRNA Ff
HBC3AN R TRIFLED. S ANIFHE, HAiEa
R R (RNA T B 11 4T 4 41 i oA R .
S 37 RNA B Jr B 3 N 28 o i SEv] 3 5
MEEPE RN {0 H B0 AT 2 (RNA & T80 3
tiRNA B B ER, BURFE (RNA 7E#H 4 0 33
HH PRI A 75 A 0 A ) JE DR,

BEE BT FRIIEN, ANG #5510 tiRNA 540 1
VLI AN 28 B PP s 2 [ B DR B A 81 ik — 20
H5E. CLP1 3P RN 2 2 B LU HT K (RNA 1
S AR, AT B R A SO 3 ) P53 G A
P53 N SHIMAE T RIET:, F B sh& i
i+ WU D R4 2k AP S s ), 5y — Fhif ol 72
JET 5- HumsEng AR AL B 1Y) OP2/Sun RNA AL #%;
% W 2% %% A 1 2 (OP2/Sun RNA methyltransferase
family member 2, NSun2)%: K H R4S 0] 5] #2 /N Sk i
AHABINE RGBT HW. TE NSun2 B F2745 1 K i
IR WG LR SUIRAMZ I, (RNA 5- fgmsng
HEAL Bk = 50 T ANG 454 fE /19 V) #] t(RNA
¥ FH S GRNA R R, 31X S it Sk B AR 2 11 )5 Bl
PN AR IS A T AN A AR AR i b, IR it
1T i 9 o,

34 fRIBMERHG

Tl = BRI 1 RLEUR N T R M 4 B Th g
SEER R AE . X S Nk AR T RE I
tiIRNA 7= 409, ELZEsE, AN #UR ek
S0 HI 2 HEAR 25 BB 3 AR 1 tIRNA 7] SR A K
0 TR -elF2ac 19 7 A A1) B iR 0. P, R
ANG £ BEAR 1 7 Ao 82 26175 5 1)t S80S 3800 77 A 1)
tIRNA 7K 7 2 2345 7 () e P 47« o
AR L REE R ) RIS R R, AT R IR
tiRNA A2 5 4 245407 ()R FEAH OGW0. REonT 3 58
tRNA ) 254k, B J5 H ANG /3 tiRNA )77
AL FBHERKI, S'tRNA B B 5% &A1 5

URARBRRGA 0, &8 M) 40 P 8 o A g 2 40 i
. RIS MR RN R R AR, SR
30~35 nt [ tRF A tiRNA 7 4 o 55 38 1 5,

4 R 2

HAl, K23 tRE-5 il (RF-3 44 kA4 1) Bk
IR, AN, 2 (RNASTT JE S
EINR T CERLT B A miRNAYI AR R aEH I
W, pEA— 2 (RE-3(f120, tRF-3033) 1 A&
I EEEER)®), Schopman Z5PHA K, —L& tRNA 1]
AT 38 B 22 BRI 25 K (T AN =2 A% Ge A N ) = it 5L
ZEK), FFAE N4 B miRNA BE 2> 7 0 5 T 14
miRNA. Ft, #H2Z (RNA FHAR AT B8 45 K0 T 19
] (RNA [ ZhRE 2 D).

tRNA FVF 2 HRFEAE tRNA B ] g 1514,
I HIXFE M % ANG I T sz, s |k,
NSUNS I DNA H 3 # 7 [ 2 (DNA
methyltransferase 2, DNMT2) ] <48 5 it tRNA 5
AR ANG 24, T 5 tRNA 1l &7~
A, REEMARAT IR R AR HIL, T #
tRNA B AE 1 1) 56 B A5 B A Bh T 2% (RF 2R
KA. BIRXTHLK Dicer BN ARANT B RNA
HBoWE 10 MR W RF S 57 F Dicer 722E/H), BF
HRIE VLR Dicer 774 (RF A R4 /E .

tRF & 7] DL 5 B %h RNA & S04 1, #2Y4
SIEEEAL S Ago HHIHE RNA BR L i bt .
g, JEEE IR B A LA RNA 2546705, tRF
AL g &, BAT Z e, (RF-5
Mz e e o5 Ago AWML &, UiBH— L4 (RF
A E Gt 5 R R E R

Ak, RF A1 tiIRNA 4L AR = A T
S 2 TR AN I IR A, RS2, tRF A GRNA =
FEEETEMEBY, AIEZERET miRNARS,
T tRF A iRNA |2 25 SRR I (455 3
RAERERS, [Ft, T (RF F tiRNA 3ER 2814
A= WhR B TE BRI T P (0 B R B T R R RS
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The Biological Functions of tRNA-derived Fragments and tRNA Halves,
and Their Roles in The Pathogenesis”

ZHU Lin-Wen, XIE Yi, GUO Jun-Ming"
(Department of Biochemistry and Molecular Biology, Zhejiang Key Laboratory of Pathophysiology,
Medical School of Ningbo University, Ningbo 315211, China)

Abstract The tRNA-derived RNA fragments (tRFs) and tRNA halves (tiRNAs) are derived from mature transfer
RNAs (tRNAs) or precursor tRNAs through specific cleavage at different sites. They are belonged to small
non-coding RNA molecules widely existing in prokaryotic and eukaryotic transcriptome. tRFs are classified into
tRF-5s, tRF-3s and tRF-1s. tRF-5s and tRF-3s are generated from the cleavage between D-ring and anticodon loop
to 5’-end, and T-ring to 3’-end of mature tRNAs, respectively. tRF-1s are from the 3’ trailer fragment of precursor
tRNAs. The sizes of tRFs are 14-30 nt. tiRNAs, 29-50 nt in length, are divided into 5’ tiRNAs and 3’ tiRNAs.
They are generated within the anti-codon loop. tRFs and tiRNAS have a variety of biological functions. They can
be not only stress-activated signal molecules but also coordinators of gene expression. Moreover, tRFs and tiRNAs
are associated with the occurrence of a variety of human diseases such as cancers, neurodegenerative diseases,
hereditary metabolic diseases, and infectious diseases. Thus, they may become a new type of biomarkers for the
diagnosis of these diseases. In this paper, the classification of tRFs and tiRNAs, their biological functions, and their

relationships with human diseases were reviewed.
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