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Progress in ncRNAs Editing

Huang Lei, Wang Yajie, Chen Shi*
(Key Laboratory of Combinatorial Biosynthesis and Drug Discovery, Ministry of Education,
School of Pharmaceutical Sciences, Wuhan University, Wuhan 430071, China)

Abstract Noncoding RNAs (ncRNAs) have no protein-coding capability and they function directly in
the form of RNA. Genes coding ncRNAs were called Junk DNA when they were discovered. However they are
found to be related to increasingly number of diseases and become the focus of many researches. Loss-of-function
models are indispensable for function digging, and there are different kinds of gene editing techniques such as
gene targeting, zinc-finger nucleases (ZFN), transcription activator-like effector nucleases (TALEN) and clustered
regularly interspaced short palindromic repeat sequences/Cas9 (CRISPR/Cas9). However, the editing techniques
used for ncRNAs are quite different from that of protein-coding genes. ncRNAs have no open reading frames so
that small deletion may not disrupt the functions. In this review, research progress in miRNA and IncRNA are
summarized as well as the techniques used to delete ncRNAs.

Keywords noncoding RNAs; gene targeting; zinc-finger nucleases (ZFN); transcription activator-like

effector nucleases (TALEN); clustered regularly interspaced short palindromic repeat sequences/Cas9 (CRISPR/Cas9)
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E4iiSRNA (long noncoding RNA, IncRNA)ZE!, )
b, sy At o, W LB 70%~90% 1) Ak
DRI T e 7 3¢, AH L b VAT 1%~2% RE % 2w b 2 1 L,
ncRNA [ 5 76 6 K TmRNAP P, GX 286 53 e 4
TRZHMIncRNAS 5 T BE4 0. #T.
2 N E LN B LT A A P AR B
FEMIUALE . AL 2 HmiRNAMIncRNA .

1.1 miRNA

miRNA 2 — 2K K & 2 }22 ntffJncRNA. %
I miIRNA TE Al 75 B A% Bl 1% 12 B Droshafl Dicer
B YN 1o 155, 41 MuA% b 4% 5% JE Bipri-miRNA,
Bl J5 pri-miRNA 1 #% ¥ % 2 My Drosha il ‘L. fipre-
miRNAJ 4% i H 3 4 )3T, 2 5 pre-miRNATE % 1R
K% Dicer B UIE R T S miRN A,

BT mIRNAAE F 77 3 3 Bl ok 5 e 1R
AT AR B AN GS A B k7 i DRI A T30 S RN 5% I
4. miRNAFE 45 & FImRNA 3'UTRIX 1, 24 5

(A) miRNA

TR

/
(e

B 81 58 4 AN, RNAE ST &2 A K (RNA-
induced silencing complex, RISC)IJ 2 {f¢ ffmRNA [#
fift; )7 H 5 R R AN TE A AN, RISCIU G
mRNAFIFIESS, 55 4h, miRNA W BE4E 7 FIncRNA
Lok BRI R IA RBO(EI1A). WIS P —F
(1) 9 A 1 T R mRNA S 2552 B AN, 19934,
A PR SCHRE-OR] I A4 T miRNATE 2k UK R & A
W TR R A .

miRNA5 1R 2 %5 5 Ko miR-15a-16-1. miR-
155, miR-650. miR-34atf Jx I 515 P bk 04 41 o
F I A7 5, — S miRN A AE g 0 T s DA K S
hE e KRS TR 2 Wb i ), anoE 45 W B W e (1) 9 A%
N miR-20aFmiR-313 3% & . 3% LT}, miR-143F1
MiR-14573 35 2 W 10 PRI . 76 AP & 38 AT M0 U7
11, miR-29a/b-1F1miR-1078E % i 12 55 B /R 2% ifg BRAE
FH G I ABTE ¥ B DLUE W) B AT 2% 1HB-43 W4 i (beta-
secretase 1, BACED)[JRIAN, FEM e A &l
P BRIE S5 005 TP, miRNAAT M 5G4 0,

T

T

N

-

RISC RISC
mRNA cleavage translation inhibition
lnCRNA ( \lllll“\\\la ill\\\l
RISC
IncRNA cleavage

®)

A: miRNATEHHLEE . miRNAfESHHAGO(Argonaute) & [1 %5 2 JERNATE T ULER K & #(RNA-induced silencing complex, RISC) S L7 41 3E4T

I B: IneRNAFE I HLEE . IncRNAREAE N 5401 1. 1) S E 4E sk i s B R i ik .

A: mechanisms of miRNAs. miRNAs recruit proteins including Argonaute (AGO) to form RNA-induced silencing complex which process the targeted

RNAs; B: mechanisms of IncRNAs. IncRNAs can function as signal, decoy, guide or scaffold.
Ell miRNAFIIncRNA&I1EFHE
Fig.1 Mechanisms of miRNAs and IncRNAs
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1.2 IncRNA S (1 R FEE RS AT P, IncRNA— AN HUAE—

IncRNAJE #5 K J& K 77200 ntf{incRNA, X 2K
ncRNATRSF LR 72, 2 8 HIRNASE SRR K, 2
MG, K2 AT S mRNAMALL )5 S IE 1~ 45
Ha) LA B 35 (1) 22 SR AR T IR AL 45 9™ IncRNATE 41
N AR FONLEAT LU LS — 2y DR, — it
B R 7 B AR S g P 0SS 1, B EAT
PP R BT, RE SE PR B AR 2
IncRNARE A K 22 4 1 A1~ BimiRNA M G (44
P RRLE A, AT FEARIZ R H BimiRNA) 7K
= JEIncRNARENE A i) 3, 4 A 190 55 2 A AL AL
HKKAEDIRE; f)a, EREME A SIS Z R 1 il g
e AL AL SR VR A1), A 2 PlAS [R] 1) BT[]
SR 1B).

IncRNA 55 9 hE . Ft 28 3R AT P 952 3 55 AH 5K 1)
2> P2 T B 0 R AN T R BT, R R E
TR R G P N PO S R A DR . X 10 A RIS (X
inactivation, XCI)/ 75 8 14 0 FL 3h ) b PR 4 XL (1
TRz e R MR I I BL S, X 8 1 17 k- e
PR FL BN P2 1) B R R ik . AR IR AN IR 2
— B iy 44 A Xis(X inactive specific transcript) [
IncRNAGE 5 A 1 H 2 1945 T A2 MEPEm FL 3l P
KRR, Xist RNATE 36 X O A7 5 e o,
Bt R o A e A B I B 04k b, NI S B
M EAZ AL K R R TL 52 BRI, — 28IneRNAfE
FER WAL i 41 2 B . DNAFT EEAL A5 1L
P R AEAE ), W1 /EHOXC(homeobox C)f7. st # 5%
77 (INHOTAIR RNARE 73 53 18 3 [0 5" 1135 &5
£+ PRC2(polycomb repressive complex 2)5 5 4 Fl
LSD1/CoREST/REST(lysine-specific demethylase 1A/
REl-silencing transcription factor corepressor/RE]1-
silencing transcription factor)& &4, I X L8 55 [

T H3 2740 M R TP A0 RN S 44 1 2 1. 2
FEAk, AT U 45 BE DR (1) Ak

VP2 WFIC R B, E . i, B, 3L
g &f B S AE T R I T — S A O
IncRNA. H19fig 5 Il A= Ji 25 ARl £ 4 40 i A= K
PRI =1 AH EL A FH T 0 B b s g™, I Hoak ik
HI9iEREME TN H e (ALY 5 A OC [F) IncRNA
& 4 HULC. TUC338. UCAI. MEG3. HOTTIP
MIMALATIZE® . MALATIAE TG R IR s R0k, 5

AN % HEAE R, RS 5 2 M0, WHOTAIRY
FUBE . &5 B B Wi ) TR R s R PR T 4
987 25 5 5 #AT OC 22N NEATI RNATE = 4E iji 45
SR IE R JUIL 25 440 ) 2R B A E 9 N b R IA A W T
=28 I H B I4 st paraspeckle ) 37 2402 7F 41 Jg i %
95 15 B A S ) BN, NEATI RNAR) 5 LL K&
paraspeckle [’ 2 B RN M. A VF 2 IncRNA
S5 T IR AT M0 (1) — Lo FEs 0,

IncRNA 5miRNAZ [H] 45 4 B AE F 1 % &R
miRNARE 4 4 #IncRNA_F K75 3 IncRNA ) 7R,
TMIncRNAH A8 8 i 5 miRNASE & 5 5 mRNA 3% 4+
45 ArmiRNASK K5 HImiRNA [ 2 GEE3, B L6 IncRNA
M SEmMIRNATE B AR,

BAR O V20 IL, neRNAS 1 2 959 5
oA A= 2 R A O, (HR AT T e AT T Bt
AP B AR T RE A IS R A 1 .

2 FELRAIRNAZRIEF A

Foy gt BE PRI Ty e ol 2 11 40 M 5 s A A AR S I
R A=) 5 D e i AN PT st 1) - B . AEBEDR Dy g dik 2k
J7 1R F 45 A ) 32 1 A&ARNAT-$L(RNA interference,
RNADHE A, X I £ A F J] 7 7 PERNA(small
interfering RNA, siRNA)K % HE AN H (1) J P 2E 47 i
P, AH 2 BT SIRNAMKY 5 1 A1 T BR A% 7 181 1) 1)
RIS IX TEE AR AR K1) )=y BREPY 534k, FEFE R4
i B8 7 TS B B ARGE A BE AT SRR R . BEFR A%
PRI (zinc-finger nucleases, ZFN). 4%k #i% 1 4f
SN R 7 1% B2 I (transcription activator-like effector
nuclease, TALEN) UL JZCRISPR/Cas9(clustered
regularly interspaced short palindromic repeats/
CRISPR-associated protein). Jirt, piT-FERIFT#E
FR A A2 2 2% 3F H AR ARMRET, A 1R
PRPEAR K. 1M ZFN. TALENAICRISPR/Cas9iX —
Tt B AR AR 2 25 & TDNA L 45 ¥4 1 BE 5 DN A
RUE R A W 210 R I EOR, A fig g U Bk A
41 IR E P A I Bk 5| 5 % R T D) ) 5 DR 41
DNA, i & A= BUEEDNA) W 2, 75 5 7] Y 85 4
(homologous recombination, HR)F =[] Y A i 32 2
(non-homologous end joining, NHEJ)KAZ & Wi 4 (1 3%
DIZHDNA o 7EK X =P AR F TR B g 5 £ 11 110
PRI, EH 3 3 [ 5 i 14 e AL o £ A 5 PR A1 R AR A
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SN2 ) 5 ECDNA 4G A B 2 5847, i s i 58
AR, I3 B G i) 1 2 B R R A R, e 25 kAR
N I D RET KRB o AR AE TN A FRncRNA
(R4 DLIN, X — IR AT AN, R neRNAA B
FF 15 B2 HE (open reading frame, ORF), ANA74E#% L
SEAF A O, & DA AH B /N 2R Bk NPT BE AN 52

Wiy FEAT A8 IE B D RE, 10 H 1§ 2EncRNAKS i 5
IncRNA 1) Dy e JE 25 T, JX LE #4845 44 fincRNA
THRESER I FARRR BN T — MR A SR 2 2
FRRNASE Wl A LA R EE A R R A
2.1 EREFTHEA

e AT 457 A 8 R FH 9 K 2 284 g 390 16 [ 9

(A) Left homologous arm

Right homologous arm
Linearized donor vector

\
’
\ ’ ’

Genomic DNA * —

v

Inserted sequence

Modified genomic DNA
(B) :
Zinc-finger DNA
binding domainFok I
Genomic DNA
Zinc—finger DNA
binding domain
©)

Fok 1

Genomic DNA HHH HHHHHHHHH
Fok 1 TALE
(D) A E
Trrrreerrrerrerr orr SE‘NA
5' Cas9 A 3
3 50

A

Ar FEDRETHEROR o JE DT AR S AR TOREAC S 3 40 o A 7] U5 T 41K SNEDNAE 5 3 H 1 5L 41 L, b Al F 0 ik sk L 0,55
AWSEFPH, Ikl FURE K PR8I Dy ZeA RIS, e AeAn TR 2 ] R AR 3 15 RISE A AL LR FP A5 B: BFHEAX IR (zine-finger nucleases,
ZEN)WERIBUE] . PIASBFHEDNAZS 38053 750 U5 BEIE D (101 SCBERT 2 SCBE, #2082 1 D) Fok 128 "EDNAXUBE DI RIE I, A 4835 K DNA K
AENUEEINT Y, Co B S BT 1 FE RN IR T A% R i (transcription activator-like effector nuclease, TALEN){EFIHLl. TALENSZENAEFIALHIAHALL, #5
Bl T DNAZE S AR 1% P V) Fok 1, TALENFRIDNASS 4518 & 5 56305 1 RE20% P T (transcription activator-like effector, TALE); D: CRISPR/
CasOF A1ETHLHI. CRISPR/Cas9Z 4 th 14 1] § )5 41)(single guide RNA, sgRNA)FICasO R F W #5730 # jl. sgRNAF T A8 5E T4 EC AL SHe R 1)
HEBEIRT 41, JF 524 CasOH IR B R EA T D)1
A: gene targeting. A donor vector which contains homologous sequences and sequence for insertion is needed to induce a foreign sequence
recombinated into genome of cells; B: mechanism of ZFN. The two zinc-finger DNA binding domains recognize opposite strands respectively which
allows endonuclease Fok I to dimerize and cleave target DNA; C: mechanism of TALEN. TALEN is much similar to ZFN which was fused DNA
binding domain and endonuclease Fok I. But the binding domain of TALEN is TALE; D: mechanism of CRISPR/Cas9. This system consists of sgRNA
and Cas9 protein. SgRNA recognizes the target sequence based on base pairing and recruit Cas9 protein to cut DNA.

E2 EEREHRA

Fig.2 Gene editing



1040

ALK S AMEALADNA L H 67 513 4
BRI AL b, ATk 2138 PR 4 4 55 5 0 10 F R (K]
2A), IX TR AAE ARSI 55 5 I G T 40 B R Kk i
K LUJG A9 3172 N, e A AR [ 905 4 1 280 55 X
SE AR (1 S IR R A AT RERS, (EJE RORARAR, 7F
10°~107~ 41 i >4 71 A7 — AN BH PR 5 AR 41 )

BCI RNA S {1 28 JO A 58 b i 455 2 1 B i 1)
ncRNA, Boris% U0y it 17— AN 8ok, XA BR By
A BCTHE D YN 1R P A0 A Ay [R5, e A 7 A ]
B2 AN\ — B & U L R 41, A AR IX
AN RARLE PR B ZL R IR T2 N T ANIR Y 5 S
B LR A B, TS B TR A R PR R e A
B T BCIFEN /N SR o 18 22 U LA 1 2R AL 16 7
PR BT REDR AR 1 BRI A ) A e

TR AT BRI A, 2K,
IS FH R SR Jm) BRAR K, AR R DR T R R 5 el 2
AT R A A= T R R R 2 b ke, REAROR MR vy
IFi) Y T 419 M ) X 3 3 o AE T SC T IZFN
TALENAFICRISPR/Cas9l 53 /44 .
2.2 ZFN

ZFENEARJE MG T FEFRDNAL, & AL R
DIl Fok 11¥) fig {5 55 A 41 XU DN A & A= 1 2 (double-
strand break, DSB)I¥] £ K. ZFN[ — /N £F §5 45 14
PN AR, = ANEETR 450 £ DGR SR Al Bl —
ANPEYEDNAZS Ak, 38R ¥ h E @ A S AN
DNA &5 & 1048 JE R 5 1 Fok TRZ IR W Il & 442 — 58,
M T Fok TY)EIDNAXUEE 5 1, B2 S5 8508 )
751 % HEDNARUE IR B 24 (1$12B) . Bifi J, 41 i i
Ii) 95 7 2 Al ] 905 A s 3 2 1 O o) 356 TR 41 1A T
BEES, ZFNH KI5, /e S,
NN e 2 O A NSO E 7/ B R 1E S | T AP VA
FHEY, S T SN neRNA 1 5 5%, Tony 251510 it 45
B ZFN S [R5 AL 7 D A e AS49 40 i o) —
ANZ18 000 ntffJIncRNASZIL 7wk . AATI4E ] 7k
BT B AEMALAT X AN IncRNA 6 SR 08 47 A 2
[ZEN, [F]NH R T AR TORL, XA AR TR
Al A ZENG R A R TR AU Ry e A TR R
e A AR 2 0] 2 — BECMV-GFP-RDEJF 5], ¥
ZFN 553X A AR JTORL L7 0 41, 7 A #EE R] ()95
T PP 51 (R AN AR JTORT REE ZFN 5 5 (10 XU W 54 Ak
AT 4t B DA [R5 S 4 ) 5 AT B 5, b S B
ZFNHE p A 48 N S5 7 51)(CMV-GFP-RDE) (K13 A) .

fib 714 T TRDE(RNA destabilizing element))3 51) /&
Z IR R AL A5 5 17 5l (polyadenylation signals, polyA
signals), A& HLAd A U 1) i s AR R A1 A, I
T IA BB IE AN FE R H (1

7 U 2H /P HEK 293 TATHEK 293 44 it v 43 531l FiJ
PN ZENSEIL T 174 bplf /N Fr BEFH 15 KbIFK B
SRETA AR ABATT R B PR AN AEneRNA . 2 J5iX — J1
4% FHAE T TALENAICas9F R |
2.3 TALEN

TALEN5 ZFNPAE ] U AR, #82 F)H a2 A
J-DNAH B AE AR5 € FIDNA P41, 1 tHFok 1
% 12 9 1) il A5 5L DX ZH DN AU o A= 24, T Ik )
FE DK 20 2w B0 HR(B12C) . TALENFRIAE 25 S P
8T e SO 1 B 20 8] 1 (transcription activator-
like effector, TALE) | [f) i 1% 45 S DNAR) H L H 5
DX, XA H IBE AT X3 17~ 18 T A L 0 M K,
I B H 5 570 (34N S IR A I, A T 28 12013
7 TR A B R e X A AT R G T e R 1A
(B A, T A S R R PR by 1) AR XS H (repeat
variable di-residue, RVD), RVD# & T £ /> 8 5 8 5¢
P gL, arHDIAIC, NGIHIT. NIEGIA.
NNHAAFIGHS0, LETALER) #3543 50 n k% 5 A
& 5 M Fok TR% % W V1 i Bl # X TALEN. TALENLj
ZFN—FE, BT TALERIL R R AEEH, (2
ZFNAH L, TALENH REAN 55 53 2T B R ) SR A B e,
JIT AL AR v B 0 R i, AL g v B A (s

W R BN MiRN AR 7 VA0S 7 5, R miRNA
FeA g, e SR J LA B, 5 GE i pre-miRNA
(1 R AR R AR AR, T 5 BmiRNA TG IR IE # A
Jlo LinE02hh 1) FH I A i B A B 1 vp 8 A
TALEN mRNA, I 5% 7 miR-1-1FmiR-1-2.

X TmiRNAKE L8 & IncRNA, H—Xf
TALENI) G 5 JIT 3t Js 1 LA Bk 11 2% 4 e v 0k 3]
i 38 R I R R AR B R 19 H e LinB50222 3500 ik iy
XFTALENSK 56 B8 K B i 2k (13B). At AT %
X AN B BRI B — AN FE R [R] I ¢ 8 T P 6 TALEN,
X PR TALENTE 55 K21 L 80 51) 22 18] 1) 5 41 )
SRR EEER I )7 ), 43X P X TALEN T mRNA [i] i
SN B B2 B ) B L R R R, O R B IR
K2 Je ik HFE P4 DNABEATPCRA I F0 77, 1F 5K
PRI TALENA i 2 ] R S DR A B R A T i 2k, BRI
PR3 20 B SEILIROR Fr B B e eh ks, A ATT A
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Dy 4 A5 B 5 8 rp 2K T miR-17-92(1.2 Kb)FImiR-
430(79.8 Kb)iX P miRNAJKE K 7% LA Kz —NncRNA
MALATI(9 Kb). Xiao%5PH [F]FF 1) 77 1L fE BT 1y £
ik 2k T sema3fbix /> 1 55 [F(43 Kb). miR-126a
FmiR-126b3X % A~ miRNA. L & miR-17a-13 K %
FllmiR-92a- 1L K57 A1 N I Z1.6 Kb X 48k DL K

rmiR-17a-255 R 1% $|miR-92a- 235 PR 15 15 51| 4E N
1Z91.5 Kb X1k .

T3 Ak, XiaoZE PRSI e I, AE BE 1 £ v [R] I
SRS PR TALENFH TR I8, 3X P X TALEN#E
M IE IFDNAFF A A e os L A R TE 2, —Fh
JEIX B R AR M R, 51— X By A g s R A
B o Ankit%5PHH F) FH — X TALENTE B 5 £ 1
Yy 2k 73.2 Kbt line-birc6. 41 % TALENAE
21 RIS ) 13 B P N DN ASUE T 2407 i), 5
A1 PR RUEE W 247 AR e 2 i T IR RIS R i i
FEAE A I B ik, 38 T AL A )RR
BONERAH EERIK, Ji46, XA KR B T efaR
AW AL, (R PP R AR . Bk A
Bf 2R PR M 3 B T P B TR MR 55334 iy LI e
PPN RUEE W 2447 SR 7 VA AR BE FH T ne RN A
738
2.4 CRISPR/Cas9

CRISPRE F5 BCRE (1) B4R [A] B 117) i (Rl SC A
J5%)(clustered regularly interspaced short palindromic
repeats), 't A2 7 A R R Al R P R IR E21~374
%A TR AL R ) 525 470 RN B AR AL 1) B e 51 AL
(i) B HE 271 1 s 90— B 51, T e 8 52 41—l i
FI-EG AR R AR, X B 5 h
(1) TR B8 7 510 5 995 5 HH BR324 T X 9 25
AR, 4 B A0 4t g 13X BECRISPR T F1l 3k g %
5] 5 CRISPRAH % (CRISPR-associated, Cas)# [11F H]
i AMJEDNA R, T 3 S (R4 1 /E B, X
— ARG FR ACRISPR/Cas R 4t. £ CRISPR/Cas 5
Gir T ) o ek R b, A0 BRI 4 B SR MR
12 1993 B b 1 B R ] % 7 41 (protospacer) 3 £ 2] H
CLCRISPR/T 41 1) — 3, #K )5 18 £ | [JCRISPRJF 41|
H:55 JE B CRISPR RNAH /£ (precursor CRISPR RNA,
pre-ctrRNA), i Ji5 1 12 AH 5 B 1) 8Y 51) 155 4 fr crRNA,
T crRNA L [ B4 (0] B - 51 EL AN, Bl 2 38 55 11 5K (1)
Casth (AR BN 25 NZ IRRZIR T F1I B AiRte0)

CRISPR/Cas £ 4 43 by — F 24 6N 1700 FOTI17Y

G T B € I Cast% 1 N I >k N Topre-crRNA
TE IS B 5 AR LR 741 H AN PJcrRNA, crRNA
5 ZRPCast FHAL U A1), X R SR R
B R BRSNS B fUEAT D) I JR 4 A B
Cas9tE I AVIRIAT R, Hu) iz N H Ry
I R4, Cas9t 2 &Yk AT crRNA (trans-
activating crRNA, tractRNA). crRNALL K Cas9%: H
e [R] 24 1, Cas9E 1 4F F K #t T-tracrRNA 5 crRNA
TE R Bk ek DT 25 48, LD A7 R i RE e 1 el
crRNA 5 J5U R4 [1] {8 7 51 T B (%) FL AN FC X 285 44 DL A DRt
YR 7 1) 41 3L 7 (protospacer adjacent motif, PAM)
NGGHE [R] Pz I HtracrRNA S & A 48 57 51 1)
crRNAYY 0t il — 4% 5L 5% 1] 3 /7 51 (single guide RNA,
sgRNA), H 1sgRNA_F L 1507 51 K JE 24920 bp, X
AT CasOFEARAI TN B4 f (8 (E12D), AT
B 2920 bp AL R F1 I R B O & i )
sgRNAK L Fipk FRIAT . IX 1N FH — 46 L AE I
%R 0o B 283 g, IIZUCRISPR/Cas R 4
2 BSC LIy FH 2] 0t 7L 4 g Hesem

Wang S5 C¥a] 15 i) /) B PR i+ 40 i o 33 51 T
Cas9 4 1 FRImRNALL A TS5 531 #E [7] TS AN [
(F)sgRNA, $5 At AT 145 3 T A F AN 5 DA R ) 2K 2 58
AR /N IR R AL 22 S BE DR (] IR SR (AR AR ok
Al RE. fEZKTE T, Zhou My gt T — AN ] [A] i 3 22
Z A sgRNABEA T EIE IR BN 2 AN K Bk A g
B, I KF]260 Kbo Y34k, Patrick77E—A~ N KT
PRGN RHAPTH SEHL T — BrIs30 Mbi 741l
Bk o

1E f BEncRNA J7 11, Han%5:U 5 vF 7 P AN 4 A
fERian I H A #F 2923 KbffsgRNA, F H ¥ X P A4~
sgRNAFCas9 s [ 7E 1K 41 % 5% 15 2 I mRNA . 1l
S S FR A T B BV R, Bt D153 1
TEHE R L1 AH Y L DR 2 6 523 Kb /M. i T
PR A, ABATTIE [F) I SR O S T P sgRNA L &
Cas9H [ FmRNA—¥4 /> [l PR 4 v R A= ik 2 1)
Wt N 16%42 = 21 T 33.3%, {H [F] I 4 55 K T
(off-target)[F] XUKS: . XiaoSEPIE BE Ly Fh v S Cas9 5
HmRNAFEE 5053 547 T dre-mir-126a P {1l [F)sgRNA
8 Cas9 A mRNAM — MUFEA /S P miRNA 1)
7% P9 00 £ P 1> sgRNA, A BE K miRNA BimiRNA %
DA s B3z, 1H2 5 TALENAH LU &R B .

Ho%%™E N 2K 4 il RHEK293. HEK293T.
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(A) ZFN
MALAT1
Genomic DNA - S
Donor vector = - = =
Left homologous arm CMV GFP RDE Right homologous arm

l MALAT]
Modified genomic DNA — —
(B)

. miR-17-92 cluster/miR-430 cluster/MALAT1
Prlmgr-F
Genomic DNA - =
S
\L Primer-R
TALEN TALEN
Genomic DNA 9(0 9(Q
PI‘IEEI—F
-

Primer-R

©
CRISPR/Cas9
. 00
Genomic DNA » ” f - X
e L7 Pre-miR-21 ~ N
Donor vector ——— — —
Left homologous arm % GFP PU TK %‘ Right homologous arm
lHomologous recombination

Modified genomic DNA e —

l+Cre

Re-modified genomic DNA

A: FIFHZENAEIE R AL i ARNAARERE J0E(RNA destabilizing element, RDE) Kl BRMALATI . 40565 [1(green fluorescent protein, GFP)/>
B A T J7 A 156 RS N SIS 5 B4 AR A0 R, RDEFF 91 BEMS AL AR AT 5 il IR e )™ A e B R, AT BIDTERMALATT RNATTH
15 B: FUHIXURL AT TALENGERR A PRI AL 1 (KR BRDNA - [ sk BRI2L 741 _L 10 DY % 26 4R P 0 TALEN (¥ PUASTALEAESL PRI AL 145 A hr i o A
JHPCR(5 14y Primer-F A1 Primer-R )R & AT 2H b RO SR SR AB 08, P BBk R RO RE R R e 489 Hh /s e B, T80T R A2 e BB f B DR 280 2 P Ay
BRI TCVEAT 2 84; C: R HICRISPR/CasO FMIEAR TR i BrmiR-21. PU: MW B2 3 BTk 3L R 41; TK: JRINF SRR . Cre 415 fE %
I ER10xPAL 1L 0] 1751

A: delete MALATI through integration of RDE using ZFN. GFP is used to screen mutant cells in which effective integration happened. RDE here is
polyadenylation signals which silence downstream sequences; B: delete large DNA fragment with dual TALENs. The binding sites of TALENs are
shown in short lines. The effective deletion gives rise to a shorter PCR product with Primer-F and Primer-R; C: delete miR-21 through homologous
recombination induced by CRISPR/Cas9 and a donor vector. PU: puromycin resistance gene; TK: thymidine kinase gene. loxP: recognition site of Cre.
Cre: a kind of recombinase which deletes the sequence between 1oxP site.

B3 FZFN. TALENLLECRISPR/Cas9# KA FRncRNA
Fig.3 Knock out ncRNAs with the methods of ZFN, TALEN and CRISPR/Cas9

HCT-116. MCF-7HILNCaP4i iy % 1F T ) ] Cas9
AR R A FRncRNA R T AT Ve Al TRt 17—
Bt [ I 2 1 sgRN AR CasOH 11 1) i ok 2 4 LA B
/e A4 [\ Y5 %1 22 8] k11oxP-GFP-PU-TK-1oxP )¢ %]
(AR JTORE, 453X AN JSURL A 41 i o S5 4% J= 1 4
f4,7%¢ 455 1 (green fluorescent protein, GFP) ML 77
Z PiE(puromycin resistance gene, PU)IX A7 e b
A0S A M REAT Ok, B DA B T L B2 L pre-miR-
213 [H] 4% 5% e 4 10xP-GFP-PU-TK-loxP 3 41 ff) 58 4%
MMtk S34b, fERTHEA T SMEDNAJY 51 1) 5 AR
M i Bk v 2 A Cre 5 21 Wi 348 e K 478 A\ 1) P Bt loxP I

2 T e A NI L2 B BR . A1 GFP RIS 75
OO BE N T 9 16 2 FE DA b A4 AN SN A1 1) 58
AR A0 PR BN, 110 B T 0N 2 ] (thymidine kinase
gene, TK)/7 51 )2 H] T i 75 R A Cre AL/ 2 )5
JSC T B3 4 T 20 1) () S8 AR AR R (K13 C) . A AT T
REIX AN 5E T miR-21H) % . 4 T34 IncRNA
UCAI. IncRNA-21AFNAK023948, fib 1% H T X
sgRNA 5 AL JFURL L (1) 772k SE B T Rt o

3 B2
Bk 22 (9T R R, miIRNARIIncRNAZ: 5 T
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