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Abstract tRFs (tRNA-derived fragments) and tiRNAs (tRNA-derived stress-induced RNAs) are derived
fragments of tRNAs, which belong to the short non-coding RNA family and participate in complex biological re-
actions by transcription, translation and signaling pathways. To verify the cell function of the three tRFs&tiRNAs
molecules raised after the chicken egg white extract induces 293T cells. 293T cells were added to a 6-well plate,
among which 3 wells added with ordinary medium, and 3 wells added with 50% chicken egg white extract medium,
and cultured for 3 days. Three samples in the control group and three samples in the induction group were subjected
to high-throughput sequencing to detect the differential expression of tRFs&tiRNAs molecules in the two groups. It
was verified by testing that the induced cells had 3 tRFs&tiRNAs molecules steadily increasing. The up-regulated
expression of these 3 molecules is statistically significant. These three molecules were synthesized and transfected
into 293T cells. The changes of pluripotency factors OCT4 and NANOG were detected by WB. The changes of
pluripotency genes OCT4 and NANOG and the relative expression of telomeres were detected by quantitative PCR,
and the expression variety of pluripotency factors OCT4 and NANOG were detected by flow cytometry. Simulta-
neously detect the changes of cell proliferation, apoptosis and cell cycle after transfection of these three molecules
into 293T cells. The results indicated after the 3 molecules were transfected into 293T cells; the expression of
pluripotent factors OCT4 and NANOG was significantly higher than that of untransfected cells detected by WB,
and the relative expression levels of pluripotent genes OCT4 and NANOG were significantly higher than that of un-
transfected cells detected by quantitative PCR. Telomeres are significantly increased compared with untransfected
cells. Flow cytometry detected a significant increase in cells expressing pluripotency factors OCT4 and NANOG
compared with untransfected cells. After these 3 molecules were transfected into 293 T cells, cell viability increased,
cell apoptosis decreased, and cell cycle changed to a certain extent. It was proved that the overexpression of these
3 molecules could promote the increase of the expression of pluripotent factors OCT4 and NANOG in 293T cells,
promote the growth of telomeres, and make cells younger. At the same time, overexpression of these 3 molecules
can increase cell viability and decrease cell apoptosis.

Keywords tRFs&tiRNAs molecule; 293T cells; differential expression; transfection; cell function; verifi-
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1 MR55E%
1.1 3G

WG G4 IE (B 5 C04001-100, LAEA 31
BIa w477, BPEERHEA IR A FAREE) . XS O0E
FERGR(E Hl) 293T4H A B R B B WA 41 B ),
R IR BN 10% 64 117E FIDMEM-F12.

1.2 {¢&§

A% A4 BIO-RADAI “RPowerpac HV i [k
PKAXGEHE, A5R) 766 B (RS oA S A R
AN H BRI E #5(85-0002-01, HHEEBCEHL 5T
BHEABR A ). HMlumina Miseq i &0 FF A (ZEH,
HEZiE). HaAAA (TS Attune NxT, 3% [E Thermo
Fisher Scientific/A ).

1.3 KW7E

1.3.1 I ERIORHE WSMNE, LEY
B ONE A G, O TE LR LR N B, A
A, URT 20 °C, RE AL 3G, 2000 r/min
B0 20 min, B LIS, 4 OCIRAFE . 2RI T -
50 mmol/L NaCl. 5 mmol/L MgCl,. 100 mmol/L
HEPES(pHS.2). 1 mmol/L —-#%75## ¥(dithiothreitol,
DTT). 0.1 mmol/LZK H J fifk ¥t % (PMSF) Al £ [
0o F AR B 0 $E B N XS B9 R B . 7
PO FE R B IO B HRAE, SRAT XS 51 i HR B B
o] T AR R

132 293Témfeediss  293T4RMinTefLik T, 34
FUn - 30 1 77 A o B, 3N FLINS0%3S U5 2
OGRS TR E i T4, 593 K. A4
(n=3)i4TtRFs&tiRN As &yl & il /77 .

HEZH 2y S SR L RN A, 3E 47 v 8 & 00 A6 U 1 40
tRFs&tIRNAs /1 [ I8 72 7, i vy 18 = 2504 29
B, AT 6N EARBIIRIEE R 4 B
Ko Rl i S 41 5 e B ZH AR b 3R 0k K7 B35 T
[{JtRFs&tiRNAsS) 1o

134 ® ¥PCREE  ZFHEYEEELAE2074H
DFRFEFE, Ll Z 7455 (fold change, FC)H
KF2. PEH/AT0.05. B H JTIETTE (counts per
million, CPM){E 5K 1) 4> T AT I i, [ 2% 1& 4y
TR TR, Pk T 4B T w1057
FTPCRIGIE . 43 K20 bp/i 471, ANEF: 14 bp
AR AI35 bp bl B, DUE J5 22 figd I8 0#r. €
FPCRIGIUE A IR W : B 5% FH TRIzoli 1)(Invitrogen
life technologies) & HUFE A RNA, F8 5 i#F4T I 4% 5%
A A cDNA, FE|F)EGH a0« rtStar™ tRF&IRNA
Pretreatment Kit (Cat# AS-FS-005, Arraystar), rtStar™
First-Strand cDNA Synthesis Kit (3" and 5’ adaptor)
(Cat# AS-FS-003, Arraystar). /o #E{T %6 E &
PCR, H 771 F: 2x PCR master mix(Arraystar)
EINP

13.5 #2725 M9tRFs&tRNAsHY F46 8 f54
JL s B AR K FUARAS BT, 20 i 2% IA B50% A2 A7 AT
PURE G BLBERNA . (1) M BERNARE 17 ¥)(mimic): H
120 uL 1% riboFECT™ CP Buffer# %5 puL 50 pmol/L
miRNA mimic, #5285 REWHI4: A 12 pL
riboFECT™ CP Reagent, 2R E], SR HE
0~15 min(VE: WEZHRYG, W] RE= A VM, (HAZ
SAMIE YY), (2) YA T = IR E — B I, (BN

1.3.3  tRFs&tiRNAsHF 0l 4 R FAMX EId24 he KriboFECT™ CPYE & UM 31 41 i 55
&1 FEEPCREMASIMTIR
Table 1 List of primers used in quantitative PCR
HER FFHI(5'—>3") TS 34 7 ) K FE fop
Gene sequence (5'—3") Expected amplified product length /bp

U6 (internal reference)

Upstream: GCT TCG GCA GCA CAT ATA CTAAAAT 89

Downstream: CGC TTC ACG AAT TTG CGT GTC AT

tRF-18-S5S8R6D2 Upstream: CGA TCG TCA CGT CGG GGT 40
Downstream: GTG TGC TCT TCC GAT CTT GGT G
tRF-16-K87965D Upstream: TTC TAC AGT CCG ACG ATC CC 43
Downstream: TTC CGA TCT GGT GCC GAA AC
tRF-17-K879652 Upstream: GTT CTA CAG TCC GAC GAT CCC 46
Downstream: CTT CCG ATC TTG GTG CCG AA
tRF-22-WD8YQ84V2 Upstream: GAT CTC GAC TCC TGG CTG G 44

Downstream: TGC TCT TCC GAT CTT GGC GA
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32 SYBR Green tEEPCRS 4% it
Table 2 SYBR Green fluorescent quantitative PCR primer design

FER 45" —3") Ti 1 = JEE op
Gene Sequence (5'—3") Expected amplified product length /bp
OCT4 Upstream: CCG AAA GAG AAAGCG AACC 235
Downstream: CCC TGA GAAAGG AGA CCC A
NANOG Upstream: ACC TAT GCC TGT GAT TTG TGG G 290

Downstream: ACC TTG TCT TCC TTT TTT GCG A
TEL Upstream: TCA AGT GGG CTG AAAATG AGT T 185
Downstream: AGG GTG GAA GAATGG TGAAAAA

TRk, BEIRY.

1.3.6 Western blot#s ] % 4t B FOCT44*NANOG
R YIS AR A RIS AR, BT AR
TEVK EabAT o AR bR AE M 2201 5 R S 1 B ik
FE. MWK, . WEUR KRR . B B
30 pg, FH120 VIJHL T LK, B30 VR M) 0 M0 3 PR 25 3
A N ol emUA B, S A AR, BB 5%
it A 4K 22 JE T 130 mino CER DI IR EAE X B — 7t
(1:100) 7 = I8 5% 5 60 minj5, FITBSTYE % TC it g 4
Ko BEJG, FIRME —Pi(1:5 000) 60 min/&, TBSTHE
3K, BFIKS min. B 5, BIATHET 5.

1.3.7 & ZPCR#&MN % 43K B OCT4/2NANOGH) &
feFesp ey pst R L€ 4UMIIAN1 mL TRIzolfT
SMRNAMHEE, RNAY 5% < N A cDNA, 7€ fEPCR
69 22 £ 3 K OCTAFINANOG 1 A8 Ak TN it Bt () K ok
Fik &, 181t GenBankF K B i 48 2 06 W ) 52 %
7%, FPrimer 5.0 B AN I 5190 51V
WIR2FT7R

1.3.8 AXAN % 48 F F OCT44= NANOG#) K 1L
Yil i 35 L3 W, TIPBSTE2IK, i N0.5 mLJEE i 7 1k
B, 5 40 B AE By B AR R S N o8 A B IR FE AR
A, WRAT RS A R, USCBR A T L
300 xg# 05 min, fIPBSTHEVE1IR. 7 FIH R, 4HHT
JE N300 pL 1% Cytofix/Cytoperm/iff fix 7] [l 72 41 i,
2~8 °CIHEYE I E 30~40 min. A1 mL 1x Perm/Wash,
R, B, 31 LIE IR, EE PR, IS0 uL
Perm/Wash Al Y LA (2 HE_ER - A PLAE), 15D
J5i 2~8 °CHREGH B 40~50 min. A1 mL Perm/Wash,
300 xg®5 05 min, FF_FIH IR iR E, BRI IEIR.
JIA350 pL A 1) G e 2z i - ALEP AT

1.3.9 CCKS8ib&ixtamampeis /) B34yt
FUEERNAI293T I IE 55 11293 T 4457 241 1 4t i 7

Rk, FH 20 T O TR SR K A AR FL2 0001
T 96FLAR Y, AL B3N AL, FHANR, 2 BITE
24, 48, 72+ 96 hWiEM(DYE . 7EE{E2 h2 A/, ¥4
FUEEFRFEM 22100 pL, 10 pLAICCK-8. 2 hj5 M
BRSO 2 0 K AE 450 nm A W FE (D)

1.3.10 XA PE Annxin V/7-AADSAFR ik 440 &-2A 4
Jeey ATFL KA R AL, FHPBSTER2IX,
B1100 pL Annexin V Binding Buffer (1) 41 ffl & i,
B0 pL 7-AADFI5 puL Annxin V-PE, % 8% 5 &
15 min, ¢ J5 IIAN200 pL 1x L4522 v, SEED ERL
LioRll[8

1.3.11 % A PI/RNasett | & 20293 T4m it 4 F) A 1%
o RIS, ICERIEPE H, FHPBSHEER2IX,
FHIIAT50 nLEIPBSHE 41 f=hikd, #Mn250 uLit ek
L, AE-20 °CUKARE E2 he [H 2 58 )5, MUKFEELH,
500 xgi5.0>5 min, ¢ _F3EWR, MPBSYEL, 300 xgis
05 min, J1250 pL PI/RNasee (2% 7, H 1R8Ok
15 min/5 AU DU 40 B JE 3

1312 “%itFatzik FISPSSI7.08 144,
B ARIE R 1 22 () 7R, AN [A] AL FE 4 1)) B P
One-Way ANOVA, LAP<0.05 % 34 4t 225 L.

2 AR
2.1  XPBBLAFNIE S LH293 T fItRFs& tiRNAs 7
FMFER

FCfH K T 1.5MtRFs&tiRNAs/» T 5 N 41 {4,
H2074N; FCME /N F0.6611) 43 Fhr N &k, L1804
(1)
2.2 PCRI&IF

SR XFCE. P CPMEBEAT Ik, RN %
JE TR PR, & Bhik 144 B+
BEATPCRIGIE, 347 Fhase B, 1A FIE
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s RlllN7AS A RSP

& ZH AH EL G 3 MRFs&tiRNAs
DT RREE. SEEN TS RES T, BT

3NN T2 tRF-16-K87965D(5-CCC GGG TTT CGG

Induced group vs control group

CAC C-3'). tRF-17-K879652(5'-CCC GGG TTT CGG
CAC CA-3")HMItRF-22-WD8YQ84V2(5'-TCG ACT

Induced group
oo

Pearson correlation: 0.938
« Up_regulated TRFs&TiRNAs (207)
« Not differentially expressed (857)
- Down_regulated tRFs&tiRNAs (180)

5
Control group

10

15

FC{E KT 1.5/tRFs&tRNAs /> AR ML, 3:2074; FCIE/NT0.66111 43 Fhr NSk, FL1804N; i ia oy N2 3 R IA RIS B E 14> T, FE8574,

PRV R, BEFR 2 731 DR 22 5 AR AN DR i i o

A total of 207 tRFs&tiRNAs molecules with FC>1.5 were marked in red; a total of 180 molecules with FC<0.66 were marked in green; the middle part
was molecules with insufficient differential expression, totaling 857, marked in black, this part of molecule were removed because the FC was not large

enough.

Bl *EBAFIFSERFs&RNAsS T EIFF T ENESE
Fig.1 Scatter plots of the up-regulation and down-regulation of tRFs&tiRNAs molecules in the control group and the induced group

R3 Hkp4 LES T

Table 3 Four up-regulated molecules selected

TiH
Term

R TATR

Up-regulated molecular name

MINTbase-1D
tRF-ID
Fold change

P value

tRF-18-S5S8R6D2
tRF-Trp-CCA-023
1.257 052245
0.256 440389

tRF-16-K87965D
tRF-Phe-GAA-111
2.789 414397
2.786 59%10-°

tRF-17-K879652
tRF-Phe-GAA-001
2.335 557162
5.155 71x10~°

tRF-22-WD8YQ84V2
tRF-Arg-ACG-016
1.525 864736
0.048327049

#4 TEPCREIFLER
Table 4 Quantitative PCR verification results

MINTbase-ID

tRF-22-WD8YQ84V2

tRF-16-K87965D

tRF-17-K879652

tRF-18-S5S8R6D2

tRF-Phe-GAA-001

tRF-Trp-CCA-023

tRF-ID tRF-Arg-ACG-016 tRF-Phe-GAA-111
Fold change 3.34+1.28 3.12+0.50 1.51+0.29 0.87+0.23
P value 0.001 645 0.000 015 0.015 683 0.256
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(A)
NC {RF-16 {RF-17 {RF-22
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(B) (©)
*okk kol
P=0.000 1 P=0.002 1
kK *
P=0.007 8 P=0013 8
0.4 - sokok ok 0.4 kol
— ' P<0.000 1 ' P=0.004 1
o o~
2= T [
v .8 | = .
=% 03 -8 03
5 52
= O o =
82 0.2 ag 024
o3 s B
=29 5 Z
52 01 =% 014
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0 - 04

o 3\ v

< NS
T s 8
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O N N
RS AP

A FYBA G T IEAIBIMWBES . B: OCT4MIM ik . C: NANOGHIX#KikHt. #P<0.05, #*P<0.01, **#P<0.001, ****P<0.000 1.
A: WB results of cells transfected with 3 molecules. B: relative expression level of OCT4. C: the relative expression of NANOG. *P<0.05, **P<0.01,

*##4P<0.001, ****P<0.000 1.

E2 YRAEEREWBKMOCT4FINANOGTHRIA
Fig.2 WB detection of OCT4 and NANOG expression after cell transfection

CCT GGC TGG CTC GCC A-5').

2.3 WB# % g8 EFOCT4FINANOGFRIA
Ex R4 L, RF-16. tRF-17. tRF-22%5 4L

293T4H M, 2 REKT-OCT4MINANOGHH X ik & #P

B2 TH R, 2 5 Giit % = U(P<0.05, E2).

tRF-16F} =5 B 2. (P<0.01)

2.4 FEEPCRENZ EEEEOCTIFINANOGHEZS

5E B PCRAG I OCT4H NANOGHI X ik & (5
A YN B A L) BE B T i, kXt Bl AR i G4 i B
B (EI3). F5E EPCR 77 K I 3L A A 0
&, RIVEEG3A T 5, b A KK T, 2%
FA G E L(P<0.01),
2.5 RN % EEEFOCT4FINANOGH M =
KER

x4 LL#E, tRF-164 tRF-17. tRE-22%: 441

203 T4, % AEH F-OCT4RINANOGHEIE /K- T+,
2B G L(P<0.05, E4R1ES5). A
F W, ZREH T OCT4MINANOGHH P 22 14 40 ity B 5.
W2 (K4,
2.6 CCKS8LL a4 M 20 IE5E 75 1)

Y3 T a0 18 B O 1k 4 T A
tRF-16 i 20 Jitd 384 5 % M 5 52 (P<0.0 1) (I 5) . e G
tRF-17FItRF-22 )5, 2 L 5 58 W] 2 38 Jn(P<0.05)
2.7 PE Annxin V/7-AADIFREA N & 4B 4RABAY
ATIER

Y30 Fa, ARE T RER, Z5E40
2R (K6, SxRALLE:, ¥ YURF-16. tRF-17,
tRF-22 Ji5 40 L 3 T2 28 AR (P<0.01)(6) -
2.8 PI/RNase#® N &40 293 T4 AR Y 40 Bt B BA 1S
5

53X B LR, Go/GiH 43 L PR AR, %% YtRF-16
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(A)

Relative OCT4 level
(to GAPDH)

©

Relative NANOG level
(to GAPDH)

- (B)

P=0.027 4

sokokok

P<0.000 1

otk

P=0.000 6

(to GAPDH)

Relative TEL level

K

P=0.005 6

*

P=0.0152

>k %k

P=0.005 4

g

.

ok
P=0.002 8
sk
P=0.005

35 sk

P=0.007 8
21 -
1-.
0_

P R S

A: OCT4HX ik R, B: SihiAHA K . C: NANOGHIX R IL . *P<0.05, **P<0.01, ***P<0.001, ****P<0.000 1.
A: relative expression of OCT4. B: relative length of telomeres. C: the relative expression of NANOG. *P<0.05, **P<0.01, ***P<0.001, ****P<0.000 1.
B3 {AEsEREE EPCRAN Z BEEFOCTIMNANOGHEN FILE
Fig.3 The relative expression of pluripotent genes OCT4 and NANOG was detected by quantitative PCR after cell transfection
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2500 9 Q.
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g i 2 72 |

! w %2}
0.00 ‘ i

10° 10" 10> 10° 10* 10° 10°
BL2-A-OCT4 - R-PE
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100 100 10° 10° 10 10° 10°

1000
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2
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[ 11.486%

SSC-H - SSC-H (10%)
%
2
g

0.001 -

R2: 18.220%

0.001
1

PE-OCT4

," oS - 0.001 Lt Lo LSS -
0° 10" 10*> 10° 10* 10° 10° 10° 10" 10*> 10° 10* 10° 10°

10° 100 100 10° 10¢ 10° 10°

El4 s AR % GEEFOCT4FINANOGHRE FRiA
Fig.4 The positive expression of pluripotent factors OCT4 and NANOG was detected by flow cytometry after cell transfection
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5 RN ZEEEFOCTIFMNANOGRRERIA
Table 5 Flow cytometry detected the positive expression of pluripotency factors OCT4 and NANOG

4 PAEXHENCY PEXTEENCZ
il 0CT4 B EENCEZH . NANOG B EENCEZH .
Groups P value compared with NC group P value compared with NC group
NC 2.760 00+0.040 42 0.102 000+0.004 933
tRF-16 26.400 00£1.242 00  <0.000 1 1.838 000+0.088 450 <0.000 1
tRF-17 11.890 00+£0.293 50  <0.000 1 2.142 000+0.160 800 0.000 2
tRF-22 19.790 00+1.028 00  <0.000 1 3.351 000+0.057 740 <0.000 1
31 &
¥~ tRF-22 i
-+ tRF-17 ok
-# tRF-16 ©
z -®:- NC "
= 21
22
fa
=
Q
1 -

v

Time /h

*P<0.05, **P<0.01, tRF-16 5NCZL HLE; "P<0.05, *P<0.01, tRF-22-5NCHL EL#K; “P<0.05, tRF-175NC4L LU .
*P<0.05, “P<0.01 tRF-16 compared with NC group; “P<0.05, **P<0.01 tRF-22 compared with NC group; “P<0.05 tRF-17 compared with NC group.
[El5 CCKSEL & 5EHaN4mAaIE 1

Fig.5 CCKS colorimetric method to detect cell viability
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Fig.6 PE Annxin V/7-AAD double-labeling method was used to detect the apoptosis of cells in each group
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Table 6 PE Annxin V/7-AAD double-labeling method to detect cell apoptosis in each group after cell transfection

! TT3% PE XS HENCEH

Groups Apoptosis /% P value compared with NC group
NC 7.732 00+0.389 70

tRF-16 2.650 00+0.090 00 0.000 2

tRF-17 2.473 00+0.073 67 0.000 2

tRF-22 3.117 00+0.436 90 0.001 4

n=3.
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Table 7 PI/Rnase detection of the cycle of 293T cells in each group after cell transfection
e JE 4 PIEXSEENCAH
AL A NC tRF-16 tRF-17 tRF-22 fEL%s .
Cell cycle P value compared with NC group
Gy/G, 48.123+0.211 44.367+0.783 44.000+0.903 45.093+0.874 P<0.01
S 38.573+0.428 48.113+0.593 47.003+0.121 35.457+0.624 P<0.01
G./M 14.357+0.317 6.863+0.406 10.783+0.394 20.183+1.042 P<0.01
NC {RF-16 tRF-17 {RF-22
G/G,:47.72 G,/G,: 44.06 G,/G,: 42.57 \ G,/G,: 44.39
S S:37.81 =3 S:48.78 2] | S:47.24 <] S:35.39
ﬁ G,/M: 14.47 s G,/M: 7.16 14 G,/M: 10.19 - G,/M: 20.22
2 a - o - !
5~ ) =2 2]
=} i g 153
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tRFs & —FlidE 4w 13 RNA (non-coding RNA,
ncRNA), K& 4 14~35 nt. tRFsJF H A& (RNA(pre-
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tRF-2. tRF-3. tRF-5F1i-tRF, HAEA: dirdb i o B
TR FRIA . A A RS E A, SR HAEME S
BT TR R . TR T, R A
9, (RNATE 56 B % 18 0 A i (5 2B AR, SR, 6k
SRR % FIWF 7T B, tREsTUR TERNA 0 £5 AN
[F) A7 i B AT DI EI T A5 (0 7= 4, T HL I 2 3 21 DA S A=
AR A B P E I R IO RN AN,

tRFs 5 tiRNAsJ& T K 2 B E DR A2 R R )
LG FIRNAZ %, 1201 2870 AR 78 g iE 58 3 10 IR
W R I, A R BRSO BURE 4 7, R
B S 00 LA, S T A e e 2 S v R F LA
— HIEA LR Tk I, SR, I LA
M, tRFs 5 tiRNAsTE 5 [K 41 A1 e A4 7K1 1) 22 [A]
A b A S A, AT R 9 R ) R AR AR
JUT, (REsAMY AT DU FE AR VbR 4010 Dy 6e, 1M B
W HA T RS iE R )R 97 1R T el

tRFs&tiRNAs i i i % 5= K 38 5 £ K T
R, OETTHRIE ST RS T REA

200

80
Channels (BL2-A-BL2-A)

[E7 PI/Rnaset@il#4H293 T4 A0 EHAIE R
Fig.7 PI/Rnase detection of the cycle of 293T cells in each group
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