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RARFGBYR". R, KEHIHT LIS ET X —F % # ) RNA(microRNA, miRNA). 2f
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The Shiny “Dark Matters” — Encodable Non-Coding RNA

ZHANG Shenghua, CHEN Xiaoyue, GUO Binbin, ZHOU Yifeng*
(Suzhou Medical College of Soochow University, Suzhou 215000, China)

Abstract NcRNAs (non-coding RNAs), which do not encode proteins, have been considered as the ‘dark
matter’ of the genome. However, a large number of new discoveries have revised this view: miRNAs (microRNAs),
circRNAs (circular RNAs) and LncRNAs (long non-coding RNAs) all have sORFs (small open reading frames),

which can encode functional micropeptides or proteins. This review summarizes the researched ncRNA-encoded

ek H : 2022-03-01 F252 H: 2022-03-07

[ SR T AR R R (G HE 55 82125027) % B TR

*EIRE# . Tel: 0512-65884720, E-mail: zhouyifeng@suda.edu.cn

Received: March 1, 2022 Accepted: March 7, 2022

This work was supported by the National Science Fund for Distinguished Young Scholars of China (Grant No.82125027)
*Corresponding author. Tel: +86-512-65884720, E-mail: zhouyifeng@suda.edu.cn



748

] - R A Y B T -

peptides according to their different functions, and expounds on the research methods and functional mechanisms of

these ncRNA-encoded peptides, so that these shiny “dark matters”—ncRNA-encoded peptides can attach the atten-

tion of scholars in different research fields.
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e 3k M NN B T AR 1R B R ),
HR LG BRI DR i F 2RI 7 X, Wi sihs b
A ASF) 2% P 5= D8 g i 2 11 i U2, LR AN g i 1) e
AW G H N AEGISRNA (non-coding RNA, ncRNA),
MR PR FE SRR L AT 4 53 7 MZAZRNA (small nucle-
olar RNA, snoRNA). 4/ RNA(microRNA, miRNA).
MIRRNA (circular RNA, circRNA) A fEncRNA (long
ncRNA, LncRNA)®, FEERF TR, X L) 4
N JE R 2 A “HE 5T B neRN A DI RER AR 1
ek, EMUAER T XS54 AR 5 i BEAE G
R LR IL S AL, LncRNA. miRNA
Al circRNA _F 2 /INF I8 324E (small open reading
frame, sORF)J- A4 ht 2 A T RE 1Tk Bl 8 (1 i B,
FRRIR 22 <IN LIS P T "B R AN o o, i
JEAH G ) LncRNA S A K 52 21 1 F 78N SR =R, A
D9 RERE SR PR B FH R A6 o7 SRR A AR bR 5
Yo ARSCN neRNAGw RSP I T 075047 7B S
PR, B T DhEE s I neRNAZw RS K, I 5
SV M AH G I neRNAZ ISR, LA XS S i 1 534
RI HEFIZW. RSHE 28 FEHEIRIT . UG HIE
S5 7 THI R B SR AL 4

1 ncRNAZRRRABIRR 7554

Al S R A TR I TR T T gt i
ncRNA. FHIRL 5 2 258K 7047 (polysome profil-
ing). &K PERNAMNIF (full length translating RNA
sequencing, RNC-seq)~ A% ¥4 E1 75 /5 (ribosome
profiling, Ribo-seq)# FH T I A Bl 1% 1 RNA,
SR 2 A A U3 5 AR R A R R
PR LA 2AH B[ neRNAGRAG AR . JE I |, X 2l
RAEESE 5 H A 4B fncRNA . (HLERT 7T 1, B T4
TR RHIATEE , 500 I K2 Hh 98% ) “AF 2w i
AT A A S T REAR /R 1 A B K4k . 2013
£, GUTTMANZE VR H Ribo-seq i Hi &0 K
BEIL A ] ncRNA(large intergenic ncRNA, lincRNA) i,
SRM A REARZE 4 | {H lincRNA R £ 152508 1 kb ik = I
P RNAH BT B A HIZ B AR TEUT Oy, PR HEE 4 K

non-coding RNA; ncRNA-encoded peptides; tumor; microRNA; circRNA; LncRNA

ZE lineRNAAGRISEE 15T . A, ST 78 18 it
% (mass spectrometry, MS)Fi AR A T N H A
B9 FERRR I TR LncRNA BT 4 i 1) B A
J 7. RTINS A A0 200 Ph AR HH %€ - 7E s 0n
FERE IRRUE N AT AR A, KER B ER E5 AN
HIAESE Rrh, XRIRIFA) 7 AT AN R
I, neRNAZR RS JIE i 78 5 H A 3 0,
ncRNAZm i ik FIF 5 R840 B (K] 1), neRNA
G RO VE 1) AR TR 2B BRVEE - 20194, LUSE IR
FH RNC-seq 1 & 8 (i 2 2%, R3] T 308F4 Ln-
cRNAZmHS K, A 207015 21 22 Js S s AT /54T
S M Y BGIE , B A SR NI E T H 10
FBEE . 20204, FLOWER%: "4 lineRNA 4w 5
R TR T —FpOR RN 1 TARRAR . B, @
Tk A R A E s —HR 5T 3 (liquid chromatog-
raphy-tandem mass spectrometry, LC-MS/MS)X} /) i
B JIE P4 8 5 (inner medulla, IM) &) 28 FEASIEA T 2,
I 454 RNA-seq 9 2 lincRNA 2 i Jok B8 e 5t R A
WK BCEAT DL G, ook, it 2 3R 25 A 1 i B 4%
HARE RN A P05 B2 T7 15— D PFAl H LC-MS/MS
KEMIIK. FAMAFEICL B, TR ER
S6(ribosomal protein S6, RPS6)/& iR 7l ORF 1) # %L
T, BN T2 K AR mRNARIBI IR LG ), PANG
S TR {5 FH 16 RPS6 I PLR X+ A #E1T T RNA
G PEYUTUE , B3 X153 2] 19 RNAZEAT =@ /=0 7 A1 2
W98 173 Br , B Jmow B g % BE 0 LncRNABEAT
SEERE . tAh, FESENKOZ!IE 4 17—
SEHEY) o ) LncRNAZR GG IR )0 72 771 5 A . 1
HEEMZ, BT circRNARRRR M (B = K 5"
312 R IR R IR S5 44)), FEBIT 95 75 2248 5E cir-
cRNA ORFHH BT 1) S5 48, T oA 0 i i A gk N
{37 55 (internal ribosome entry site, IRES) o/, N6-H
HE JIRIEE IS (N6-methyladenosine, m°A)Z 1M,
EIRT I neRNAZR IS PERF 7T 1A R Ce 5, (1
H AT e KA 45 58 S P neRNA . FH1R2H 7
FIMS 73 AT H ) 2 BUnc RN A 2w A ik oK B8 38 1 6 2% B
IEE, PR — MR R R AZ, Hl40: Ribo-seqifk
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Mass spectrometry ]
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[ RNC-seq [encoded peptide database]
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[ Ribo-seq [ Data analysis ]
[ Bioinformatics analysis ]
Fusion proteins [ ncRNAs with coding ability ]

Antibody preparation : Exploration of functions
Confirmation of r}cRNA- of ncRNA-encoded
encoded peptides peptides

Western blotting

Ell £EncRNAGIESAKEY TIERTZ
Fig.1 Workflow for identification of ncRNA-encoded peptides

&1 H5ncRNAZID M E AR AR SR
Table 1 Limitations of common techniques for studying LncRNA with coding ability

BAR JRI R
Techniques Limitations
Polysome profiling!"” Low RNA concentration in each fraction.

Difficult to acquire enough amount mRNA for full-spectrum analysis.

High concentration of sucrose inhibits some further enzymatic reactions.

Full length translating RNA analysis, Low sequencing accuracy.

RNC-seq!""! Cannot obtain information on ribosomal bound ORFs.

Difficult to separate intact ribosome nascent-chain complex (RNC).

The fragility of RNC leads to ribosome dissociation and mRNA breakage/degradation,
which result in Biased analyses of RNC-mRNAs.

Ribosome profiling, Ribo-seq!'®

Ribosome protected fragments (RFPs) cannot represent translational activity.

Repeatability was limited due to the influence of sample preparation.

A considerable false positive rate.

High sequencing and computational cost.

Cannot detect and quantify the translating circRNA.

Mass spectrometry Rely on protein databases to search.
Fusion protein May affect the structure and function of original protein.
Western blot Rely on high-quality antibodies.

The smaller the molecular weight of the micropeptide, the more difficult it is to detect.

B IR, MSEASHEF B E A REETEA L. R
R0 B (3R B 1 JC IR AT R, S B AR R
REEGERD). WIERM, 75 2N AL FESS ), B
H R IX S R BE 22

2 LncRNAZRRL AL S BhiEg

LncRNAJE— K H RNAK A 135, KK

F2004 4% 1 B IRNAKL SR, 1 5% J5 8 AT 1211,
BN R RRF ER A DN AN BT 322, S mRNAKH L,
LncRNA B A 5 2 [F1 ] 23 4 S 14 A0 58 AR 1 42 o ) £
SpERY, B A AT 4 2R M A Lnc RN AR 7]
A ELAG 16 AN [F) 40 i A 2E 23 rp PR T 4R R T RE PO
DRI, i R0 4 57 98 3K I LncRNA— B DL R 75 388 I 12
Wr 53697 £ 32 0 TE, B K & X Y LncRN A% 5
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I DhREMERUR B SN T LI A RL(R2 A1 3R3) .
2.1 BB LncRNAZRISAKEEIE A

LncRNA R DL i i 45 8 158 52 i Jo g % e ik
F#o LncRNA ASHIL-ASI9mRG ) — AN T R
/IAK (a peptide located in ER, APPLE), Jfid B %45
4 poly(A)4E &5 H 1[poly(A)-binding protein cyto-
plasmic 1, PABPC1FI AL EH R AL 46 K] (eukaryotic
translation initiation factor 4G, elF4G)FH 1 55 P & 1)
HAE, feit elF4FIR IR S8 AR A mRNAIA L,
DA SR M 2340, < 3R AT T S 30 i A S g
(W KRASHIPIMIZE ) 45 A, AN IE S fE
4 [ IfL%% (acute myeloid leukemia, AML)& M54k 3k
T2,

LncRNAZ 5 I 8 1d 4% mRNA B 32 5 i
JERIRK AR 45 B ¥ (colorectal cancer, CRC)H

5 #A ) LncRNA LOC90024 % H 1 JIk —— 85 12 17
i /N H (splicing regulatory small protein, SRSP) 2,
SRSPIl 5 & & 22 2 W AURS 2 R 1) BT H2 i 45 A 1
3(serine- and arginine-rich splicing factor 3, SRSF3)#H
HAEH, 121 SRSF3 5 Sp4I A & 1345 &, #tiMis T
(055 SR 3 Sp4 e 3% LU BCRA S AU 8
FURE (1) L-SpAsE A, Tk = S sOB0E 3K <AE e s-
Sp4fITE N 52 Z14M] o [FIFEHE, FILncRNA HOXB-
AS3Gi TG [/ 57 2 Bkt A5 T mRNAR 85 £ 27,
HOXB-AS3JIKIE i 55 5§+ PE 45 A 4% AN K — VR AL B
1% 25 1 Al(heterogeneous nuclear ribonucleoproteins
A1, hnRNP A1) RGGHE 7 HH 1R 2 R 7k 225 5k BH Wt
hnRNP A 15 Al iR 4 (pyruvate kinase isozymes,
PKM) mRNAI45 4, 4] PKM mRNA 8742 DL K
PKM2AT miR-18affI 2/, A I8 i ] A SRUR 1 i

®2 PMEMEXINEEM LncRNASRAD K B AE 2 RINGEIRIESE 3C#k 24115280

Table 2 Basic information and functions of tumor-associated functional peptides
encoded by LncRNAs (modified from reference [24])

(BUIN e kS K% /aa P i ite

Micropeptide Symbol Length /aa Cancer Function

APPLE®™] ASHIL-AS1 90 AML Enhance protein synthesis of specific oncogenes in key path-
ways of cell differentiation, proliferation, and apoptosis

ASAPPY LINC00467 94 CRC Promote colorectal cancer cell proliferation

ASPRSH LINC00908 60 TNBC Inhibit tumor angiogenesis and restricts tumor cell migration

CIP2A-BP"" LINC00665 52 TNBC Inhibit tumor invasion and metastasis

CRNDEP™! CRNDE 84 oC May be involved in the cell proliferation

HESRG*! ESRG 105 Germinoma A novel, sensitive and specific biomarker for intracranial

& EC germinoma and EC

HBVPTPAP?® HBVPTPAP 145 HCC Raise the mitochondrial membrane potential and induce the
apoptosis

HOXB-AS3" HOXB-AS3 53 cC Inhibiting cell proliferation, invasion, and metastasis

KRASIM®! NCBP2-A4S2 99 HCC Inhibit carcinogenic signaling in hepatocellular carcinoma
cells

PACMP ! CTD-2256P15.2 44 BC Regulate cancer progression and drug resistance by modulat-
ing DDR

RBRP*" LINC00266 71 CRC Promote cell proliferation and metastasis

SMIM30!! LINC00998 59 HCC Promote cell proliferation and migration

SRSP2¢! LOCY90024 130 CRC Induce “cancerous” Sp4 splicing variant formation, promote
CRC tumorigenesis and progression

UBAP1-AST6!"Y UBAPI1-AST6 Not mentioned ~ LC Promote the cell proliferation

YY1BMP LINC00278 21 ESCC Promote apoptosis and downregulate the survival rate of

ESCC cells

aa: ZIEMR; AML: 2PEBEME A ML ; CRC: 45 Bl TNBC: —BHEFLIME; OC: Ul 8w, EC: IEiAHE; HCC: BTN, CC: 45 li); BC:

FURRIE; LC: fifi; ESCC: & & IR AN AR ; DDR: DNAJR {5 M2 .

aa: amino acid; AML: acute myelocytic leukemia; CRC: colorectal cancer; TNBC: triple-negative breast cancer; OC: ovarian cancer; EC: em-

bryonal carcinoma; HCC: hepatocellular carcinoma; CC: colon cancer; BC: breast cancer; LC: lung cancer; ESCC: esophageal cell squamous

carcinoma; DDR: DNA damage response.
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Table 3 Basic information and functions of other functional peptides encoded by LncRNAs

Y (BUIN Bk e
Species Micropeptide Symbol Function
Human SPARM4] LINC00961 Inhibit mTORC1™¥
Promote muscle development !
Human MtInP>" MTLN (LINC00116) Supports mitochondrial supercomplexes and respiratory efficiency
Mouse MOXIE! Mtin (1500011K16Rik)  Enhances fatty acid beta-oxidation
Human NoBody?**3 LINC01420 Decrease P-bodies and mRNA.
Human P15564 MIRI55HG Suppress autoimmune inflammation.
Human STORMP! LINC00689 Inhibit protein secretion.
Mouse MLNB! Mrin Inhibit SERCA (sarcoendoplasmic reticulum calcium transport ATPase)
Mouse DWORF"! Stritl Activate SERCA.
Mouse EPRpP7” EPR Promote epithelial tight junction.
Mouse Kastor & Pol- Gm9999 Regulate sperm development
luks®™
Mouse Aw112010-en- AW112010 Cause immune response.
coded Peptide®”
Fruit fly Scle ScIB Regulate calcium transport and hence influence regular muscle contraction
Fruit fly Pgct®! pec Repressing CTD Ser 2 phosphorylation
Chicken Six1 ORF2!* SIX1 Promote cell proliferation and involved in muscle growth.
Zebrafish Toddler!®! apela Promote gastrulation movements
Soybean ENOD40%4 ENOD40B Interact with sucrose synthase and control sucrose use in nitrogen-fixing nodules
Bacillus subtilis ~ MciZ!* mciZ Prevent inappropriate Z-ring formation during sporulation
Bacillus subtilis ~ Sda'®! sda Inhibit the sporulation of strains utilizing either KinA or KinB as the sole

sporulation-specific histidine kinase

SRANHICRCANM I IGTE . (R ZEFNFERE
LncRNA% i ik G865 LLAS [7] 1) 77 = 1 3 98 4
BT AR . S HOXB-AS3REANFE], FHLINC00467
Y i [ ATPA B AH < BK(ATP synthase-associated pep-
tides, ASAP)fi2 i3t 7 CRCHIHE 7 *, ASAPIEIL 5
ATPE il (1) V.2 ol yAH BLAE 3G 58 1 ATP& B (1) 44
i, 1 T ATP S BG4 RLAFE A R, ECRCEH
L B AS AP % 1011 200 B 434 5 R RS AR () A K
25 LTI, MR LncRNAREHE L2 Fh 7 X ERMEL |
e 5F B SR 5 YOS R AT T, LneRNAZR IS 1)
Z IR AH DA [R] 1 75 3 s 4 i e A A Vs sl (B12) . 48
ANTE [F]— 48 i 2E i v& 3l h B A TR 95 07 X
Ik, BEME A 2% B b 7 20 L P 5 20 ) R 4 10 8% 1
Fib b, AR AT DA [ iR 6 97 B2 LB (1 R e A
2.2 FRYEHEELncRNARASRAAYIhAE
LncRNAZw i ik 2 ga e A K J (1 B 508
PEIRAE R -, s T R ). TR, '
& 5F, . {5 41 % (hepatocellular carcinoma,
HCC)ZH L, =321k 1) LINCO0998 %t (172 4 il

PRk——SMIM303#:d 5 & 1 3l SRC/YES 1 )28 2%
AR v S5 TAE R, A 3 LB A E AR AL,
MEGE T i MAPKAE Sl , {3 HCCZH Ml 1) 3 58
FER M, T AE = BH M FLIRIE (triple-negative breast
cancer, TNBC) AT & 1T —ANH LINC00665%
B FR) 4 SO BT, A BUIR 5 B B TR T 2 A P 4 o
[Al ¥ (cancerous inhibitor of protein phosphatase 2A,
CIP2A)45 &, BRI FRATHRG Hodw 4 08 CIP2AZE & Ik
(CIP2A binding peptide, CIP2A-BP). CIP2A-BPii#
I HUAR B A B BRI 2(protein phosphatase 2, PP2A)
BS6y WA 45 507, B 1 PP2AVE TE, #HIPI3K/
AKT/NF-ABIH B (P30, #E— s mMmMP2. MMP9
HISNAIL)FEIE , WA = B 14 2L R e 200 P 1) 42
ZREER . [, CIP2A-BPIIEI &2 B H LA K
[Al-F B(transforming growth factor-B, TGF-B)H 1A%,
TGF-BIE Smad(s 5 18 26 5 {2 3k B 40 il &5 5 4E-
BP1Fik, T #liH| LINCO0665 1 #l%, Xt —b
fitRe T TGF-BRfIEAE M . 3X 5275, LncRNAZ Sk
AU LncRNARFE %, 36 B R 152 31 7T, %
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Epigenetic regulation

Transcriptional regulation

Cytoplasm

Post-transcriptional regulation

Protein that affected DNA

R
—— = Make influence . . @ RNA splicing enzyme
modification enzymes

‘ Transcription factor g RNA modification enzyme

LncRNAJ 72 2 5 ¥R R B RO AL AT . B 5 SR 5 T . TERMEAL T, LncRNAAMMY BE % FLH21E H - T DNA BB, ib

RENS 1 P T RS DN A IS B AR 2 P A0 88 (00, M B2 0 1 13 b 6 DN AR R AT 4% . 7E 3L 5T F, LncRNA—J5 1 B 3345 A ¥EDNA &
U WRE 2 AL R T L SO, 5y T S SR D% B A HLAE P2 A DNA R 5 . TEFE S 5 T, LncRNARE# 5 i mRNA pre-
mRNAH MR AZ, FEMmRNARI B35, g ffa e PP, Ak, LncRNAISRERS 8T 45 A RNABT 122 AT BRRN A S B A 4% 54 5% )5 TR =5 T REPY,
[F]FEHh, LncRNA gt ikt 58 6% LU REAS [ 1) 77 SUORFE DI RE, BAARRIHI17E Fooh 2 .

LncRNAs are widely involved in the epigenetic, transcriptional and post-transcriptional regulation of target genes. In epigenetic regulation anRNAs

| DNA modification enzyme

can not only directly act on DNA modification enzymes®), but also act on proteins that affect the stability of DNA modifying enzymes®™, so as to

regulate DNA modification directly or indirectly. In transcriptional regulation, on the one hand, LncRNAs directly bind to target DNA to form a triple
helix structure®®'=? to regulate DNA transcription. On the other hand, it affects DNA transcription by interacting with transcription related proteins®=*,
In post-transcriptional regulation, LncRNA targets complementary RNA or pre-mRNA, affecting mRNA editing, editing and stability™®. In addition,
LncRNAS can also play a post transcriptional regulatory function by binding to RNA splicing factors or RNA modification enzymes™. Similarly, Ln-
cRNA-encoded peptides are able to function in such different ways. These specific examples are mentioned above.

E2 LncRNAKHEIBAKEYE IR RARIESE SCRR[16]1£250

Fig.2 Common functional modes of LncRNAs and their encoded peptides (modified from reference [16])

W2 5B K E T HER .

LncRNAZw 5 Ik PLAS [F] 26 1% 2 5 1 4 I8 41
PP TEE . LncRNA HBVPTPAPYs S ik 5 ic
X e g2 BR AT A 284 52 44K apaired immunoglobin like
type 2 receptor alpha, PILRA) /I P4 &5 4 3 1¥) A1 H.AF
H, W0E R JAK/STATAE 518 %, 3 m & pi ik
JREAL, (2 HEHCCH PRI TP, (HLINC00278%w 551
FAFH 1(Yin Yang 1, YY 1) &K (YY 1-binding mi-
cropeptide, Y'Y 1BM)I BAAS [R5 20375 5 £ B iR
21 & (esophageal cell squamous carcinoma, ESCC)
NPT, YYIBMIE I BT YY DRERE R %
K (AR)Z IR By 46 &, 10 A 40 B S Ao B 1 238
(eukaryotic elongation factor 2 kinase, eEF2K)%E K1)

s, TR FURZ M R 4E /1 A 12 (eukaryotic translation
elongation factor 2, eEF)AJ3H 14, MIIEHEESCCHH iy
FIPE T MRS FRRIZF AT, (RRIEYYIBM R
BT eEF2K Ik, Wi 1B JREkZ T IWESCC
SR MR T, 1S 40 M B A R 1) A AE e
LncRNAZ % ik ik 2 5 142 o Jed #0108 A A
AR 0, SEAAR YR BR) A A ARSI I A AR ke, T LA N
JZ 4l i A K Rl (vascular endothelial growth factor,
VEGF)/ L N R 20 i A K R 552 74 (VEGF receptor,
VEGFR){5 518 4 A2 eI 078 AR B3 R DB 428 DX 45 o
HI LINCO090STw t5 IR IR RE WS 45 & 15 S 4 S 5 ¥
SKPE IR 7 3(signal transducer and activator of tran-
scription 3, STAT3), [l 1M # iy % NSTAT3 /N T ik (a
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small regulatory peptide of STAT3, ASRPS). ASRPS
I 455 STAT3 C-tify 1945 1 W i€ 38 (coiled-coil do-
main, CCD), il STAT37E Tyr70507 st I ER AL, A
M) VEGF B s Ak, yatsb g M8 A= i, BR
i1l Jie 8 240 JEL P S BB A 0. £ TNBCH LINC00908
FIE TS5 TNBC B U5 A RARK .
2.3 FpEEHE X LncRNA4RAD AL B Rz F
988 20 24 T Ry 5 P 2 TA ) Lne RN AR A N 2
BERA AR ED . [FFEHD, 4 2y
S VERIA ) LncRNA G B IRV N AW bR W0 e
HIZWHRBE RO . 140, B LncRNA ESRGHitY
PRI 65 7 g A 4 B A VR i s ) e 2R )
PR A W, 2 IRAE A B 4 98 RV i s e R S v
ek, T AE A P A EAH B RS (germ cell tumor,
GCT)MAE GCTAHL RPN B . ALk, HH
HIRIE TR s 2 5 759 BRI T 245 7% ) LncRN A2
k. GUOSE IR I T B LncRNA CTD-2256P15.2
2 B PR BUBR LA AL 1) 30 45 DN A 457493 B % (DN A
damage response, DDR)IIFE , 5200 I8 (1) A F A it
ZiP . LncRNA CTD-2256P15.27E % L & (epiru-
bicin, EPT)R 24 11 7L i e o s 208, g i (1
JOR — 77 T 3E a5 R R R i i e R 1 R B (CBP-
interacting protein, CtIP)3¢ 5+45 512 K IEHHFCullin3
R 7 T —Kelch#: 5 4 15(Kelch-like pro-
tein 15, KLHL15)#1i] CHP 72 ZALFIBAR , T {2
BEDNAFJEEAMEE ; 51— J5 T HA4 G £ % ADP
¥ BEAL (poly ADP-ribose, PAR)%E , i it HA4% 45 (1) 1F
HLfi NI PARBE A7 FL AT, {23t 22 58 ADPIZBE R &
1(poly ADP-ribose polymerase 1, PARP1)fE{L Y
PAR. RUiZAIK Ay 4 0 PARY 1 A4t FF CUPAR &
ik (PAR-amplifying and CtIP-maintaining micrope-
ptide, PACMP). H.fl#E ] PCAMP R 5 3 $11 ll i I8
M AR A, I REAR 2 i Rs A0 LS TROTT A dT (AR L
KIIER). #LFIAIT (PARPi. ATRLLK CDK4/6411
il 7)) 48 22 B 24 ) (R U, WD 5T K
JUTHAEkR, NMT—BE AR R AR & O )
RFE B A ] LARER AR 8 105 PR IR e SR T 3 )
KIBTTREE™ . SR, BRRGER 22 I UEHE % W], neRNA
FIE TRV ) AR A i 4 A o vk A R DR AR
L ERE B AN RIGIRZE SR A 6, JF BT s oo
BRI EE A U VR I DRSS TR /s
S YRR BB . R, UK VR 5

HOE A X [A] AR, FFIE T 40 i 4 3V S 5 4n g A]
(R 20 B (AL IE TR, AR TR, ik BN BRAR 1 24
Yo [FIRE, 5 miRNAAIE, UK A 298 78 1 456 1
POE TollRESZ A4, AT 1755 448 it AT 7 IR o) 5 A
JIE Ty B 250 22 () e A M e R RR 3 7 A P E I R E
B TR S X — @i pl 1, RAEEK. K
i B v 55 AR BE % 1 0E 22 IR SR 25 AL 5 S A
PEo BRI, 5 R SR I P Ik v 7 Jee e 2 —
Wz AR R BT, TR R A R AN O
SERITIE 1. UL ESERIMTHUIK ASRPS. CIP2A-BP
PLA Y'Y I BMISAEAE B H S5 8 A 38k 1 e A T
Jif IR $ ) A FE G740 P TR R S A
AR EE MR S, AR R B AR5 7,
P 1A X L B4 s hE 2570 ¥ ne RN AZw 5 (1) A8
TR AN W7 4 25 5 ok

3 circRNAZRHSRK S BhiE

circRNAJE B A M & 45— ncRNA, B
A 521 RNAM L) S ik 72 17900 (H k= Kty 5"
132 IREFRR 45 F U0, circRNA H AT B Z [ £
hee, flhn, 5 RNASEA IR/ ML 5 1 (small
nuclear ribonucleoproteins, snRNPs)AH F.AF F K17 45
mRNA I U0, DL AR 9 miRN A4 5 #
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