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CRISPR/dCas9-KRAB % %4t it Bk 38 LncRNA-NEATI
=

M R1,2,3, ﬁ%@%gljj’ % ﬁ1,2,3, /f\ #RLI’“, ? 5@1,2,3’ /H' -g‘lél,Zj’
FRHC, EFL, AR

(LITHB OB B & ORI T VT8 RIS 2100145 29T I8 AR F B SR SR & 7155 Rt 210014; 3.4
PR TRFIFREE GBS E  TLJR M 210014)

WE. AWFRFIH RT-PCR A LncRNA-NEATI & H 3¢ 15 78 40 Mg o 19 30 2 47, >R 5 RACE k45 LncRNA-
NEATT SEPR e AR IR 7 55 R CRISPOR X444 -300~0 bp K I LncRNA-NEATI J&2 3785131 sgRNA J:44
A px330 Hfhk Wi YA T7E] BEYISGTE sgRNA S5 ; F G U AT 50 6 7 208 dCas9-KRAB-BSD F Bt#r
e px330 ZRAKI Cas9 751, AL E 2 px330-dCas9-KRAB ZRAK K 55 1EH 2L sgRNA A48 F] px330-dCas9-KRAB
&, JE B px330-sgRNA-dCas9-KRAB 44, MR [E] 5T it ¥k BE 1Y Blasticidin S ZbFRANA, LA B/ NEOAE o o2 ¥k B2 R 1
FEH e R . #5 Y% px330-sgRNA-dCas9-KRAB %44 Jf: ] Blasticidin S fi 20l 7 d J5 64T LncRNA-NEATI 3£[A
ROZRIRAGIN , [RIH X seRNA 7E LncRNA-NEATI 3R 3 b W45 G A AT Sanger M7, DLk — 2L B61IE ik 2h &
PSSR R RAE#E . B ER LncRNA-NEATI 25T AN , e M 5 )L AR K5, 5'RACE 3K T In-
cRNA-NEATI 535 K2 270 bp BFFH, qPCR K25 R R, 55 IR A HE , sgRNAL F sgRNA2 BEHE i 540 Ln-
cRNA-NEAT] 553K (P<0.05) , Sanger il FF45 F 3 0] sgRNA1 Fl sgRNA2 F7E UL 5 I 1% & LR IR Bl A Fiddi A
TSR 25 5 S5 Se it — 2B ST LncRNA-NEATI 85 RN 5 e 12 0 T D e B8 8 T JLml

X% CRISPR; dCas9-KRAB; LncRNA-NEATI R[4, %, FENDLER

FESZES: S852.28 XERFRIZAS . A XEHS: 1000-4440(2023)04-1036-07

Silencing of pig LncRNA-NEATI gene by CRISPR/dCas9-KRAB system

ZHAO Wei-min'**,  DAI Chao-hui'**, CHEN Zhe"*?, TU Feng'*’

LI Bi-xia'*?, REN Shou-wen'??, CHENG Jin-hua'?*"
(1. Institute of Animal Science, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2.Jiangsu Germplasm Resources Protection and Utiliza-
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210014, China)

Abstract . In this study, the sub-localization of

W B 49 :2022-08-19 LncRNA-NEATI in cells was detected by RT-PCR. And the

EETB TTAHA AN IRB BT H [ JBGS(2021)099 ] ;4 M i
AR (B (YZ2021037) 5 & Z A58 77 4
ARAZ TR H (CARS-PIG-35) ; TL.IRAE 4 Ml 7 8 it Ffr B i)

transcription initiation site of LncRNA-NEATI gene was ob-
tained by 5S’RACE. The CRISPOR software was used to de-

i H (PZCZ201733) sign the sgRNA in the promoter sequence of LncRNA-
TEE A B (1983—) , 9 WIHLENRE A, 11 BIBTSE B, 28 NEAT1 within =300~0 bp region. The selected sgRNA was
FHHIRE MUF5E, (E-mail) zhao_weimin1983 @ aliyun. constructed into px330, and the efficiency of sgRNA was
com verified by transfected cells and T7E1 digestion. Cas9 frag-

BIWEE B S 4L, (E-mail) jhcheng@ jaas.ac.cn ment in the px330 vector was replaced by the dCas9-KRAB-
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BSD fragment using enzyme digestion and subcloning to form a recombinant px330-dCas9-KRAB vector. It was verified that
the effective sgRNA was constructed into the px330-dCas9-KRAB vector to form the px330-sgRNA-dCas9-KRAB vector. Cells

were treated by adding different concentrations of Blasticidin S. And the screening concentration was determined by the mini-

mum lethal concentration. The px330-sgRNA-dCas9-KRAB vector was transfected into the cells. After seven days of screening

cells with Blasticidin S, the expression of LncRNA-NEATI gene was detected. Meanwhile, the binding site of sgRNA on the

LncRNA-NEATI gene promoter was subjected to Sanger sequencing to further verify whether the above binding site was

cleaved. The results showed that LncRNA-NEATI was mainly expressed in the nucleus, but hardly in the cytoplasm. The 5’
RACE obtained a sequence of approximately 270 bp at the 5" end of LncRNA-NEATI. The qPCR results showed that compared
with the control group, sgRNA1 and sgRNA2 could significantly inhibit the expression of LncRNA-NEATI (P<0.05). Sanger

sequencing results showed that there were no deletions and insertions at the sites where sgRNA1 and sgRNA2 were located.

The results laid the foundation for further research on the function of LncRNA-NEATI in the innate immune response.

Key words

K5 E 4 5 RNA ( Long non-coding RNA, Ln-
cRNA) JE—BAR G NS A % A K
200 bp i RNA, BF5E45 R KW LncRNA 25 7 X
PR ISIE AR AT FEHENC e e 545
A EaiEsh

LA KRB B A LncRNA 7% 5 Hiok
X LnecRNA BH 25 THBNINAT SfeiiE
B S EELMRR Y FERBRIfEAT X 2L LncRNA (1)
REXT HE— A2 R & 8 R BRIk D s T
HAGGEE X, SR K ZE LncRNA & 47 T 41 i
¥, 1 RNAG (8 TAF 22 G0 5 27 40 i 5 b & 38 VE
XFE AL T4 M AZ% B9 LneRNA 1E R E & A FRU™ %
BRI T LoncRNA (IhBEMEHT

CRISPRi % 4¢ i if #% 2 M 1% Pk 2% 3% 19 Cas9
(dCas9) Fll sgRNA {5 A W45 6 B FA 58 K 7
AL IR 7 5 (Transcription start site, TSS) [t 3T, ¥ #PE
BHLAF RNA 2R & Ml 0 38 i, M7 S 3006 TR
it dCas9 Fill G RN 45 #4954 KRAB ( Kriippel-
associated box) , JE i dCas9-KRAB & & 454, v] ik —
B R SR A ] R Lin SR
CRISPRi RGLEE T A NS MM AE KA A Ln-
cRNA ,Klann % "SI F| /] CRISPRi R4 % E T K+
SRR RBREACH D feof, CRISPRI RGLTE
T3 R 2 0A 1t S A A e S R
5% LncRNA ZRERIH—C T H

LncRNA-NEAT1 S&7E0F 58 WLAN L 43 A st & B
— A RAEIES D RNAPY  HAE A Ly T8 S
55 411 B V. 25 #4) 55 BE ( Paraspeckle ) B TE B, 75 41 i 43
b I8 KA R B R S AR i B R A
BRI AR R AL AT 5T 45 R R Ln-

CRISPR; dCas9-KRAB; LncRNA-NEATI gene; pig; gene silencing

cRNA-NEAT1 SEPRFE R 85 RIS ek b 2 1
F B HAE Toll ¥£3Z4K 2( Toll Like Receptor 2, TLR2)
A1 5 I G 928 S I T T A B R AR AR Y
AHF 5 FF CRISPR/dCas9-KRAB 2 480 i 4] Ln-
cRNA-NEAT1 FEN ) 3K, O Jm 8 ik — 25 F 58 A
Fe RN SOV Y B RE S Akt
1 BRHFITT %
1.1 Z8P . Wik S B

Trans5a B2 S R IE T AU E RV EY FHA
PR\ ], Lenti-dCas9-KRAB-blast 2% 4 fy 48 fp 4l kK
SRR R B PKIS 4 HE | px330 Ak AR 5256
EX7 e
1.2 iRk

RNA B0 &0 T R mt v e B2 7 RO
FRZAF] DNA 230K &  DNA marker 1 It 50 %
FHAWIRL A R w5 WU Bbs 1, T7E1 Ty T
NEB 27 ; PCR i | T #0448 R U 56 B 1§ TdT . T4 %
Pl qPCR 100 | S s ialon & 7 5 A4 9 T
(K3%E) A R To N 85 7 2 Bkl R &0 T RAR
AR (L) A B2 7 Blasticidin S HCL (K
R S) TR R m RAWHEAA R 7] ; DNA 4f
AR P50 &0 T Zymo ResearchZymo research_ ‘%
e (At a0 W RHECA IR A Bl 22 w]; DMEM 1 5%
B R R T RBUE A Y TR FRA F] 5 R
A 1ML 3% W F Biological Industries ( BI) /¥ Fl; opti-
MEM Fl1 Lipofectamine™ 3000 Transfection Reagent Il
TR CH KB (R D ABRAF
1.3 3% LncRNA-NEAT1 ERM TR RIEH %

FrAnff s K 2 80% 2 A, IRIEHH AL 20 , FH T4
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PBS {7 18 3l J5 A Buffer A (10 mmol/L tris-cl, 10
mmol/L NaCl,0.5% IGEPAL® CA-630),7K & 5
min, B0 5 FIFBOT T80 RNA (982HC, ] Buffer
A PEERTTVE 2 W, UTHE ] TA0RIA% RNA A4,

1.4 3% LncRNA-NEATI EEB 5 RimRiE 18
(5'RACE)

FET H I e 3R AT B 4 e 5 45 SR LneRVA-
NEATI FEAH) 5" AR v PR 5 34 i B2 R . A AT oli-
godT %55 cDNA 55 —%5E , SR I5 A TdT f k4T
5' At dC-tailing, [HIYR 4L )5 , H151 49 SP (5'-AAG-
CAGTGGTATCAACGCAGAGTACGCGGGGGGGGGG-
3")F 5 AR i B R S PE S 57 GSP (57-CTGCCTC-
CCTCCTTCAGACAAAG-3") ¥ 14 H: 5" K i, PCR ¥~
40495 C 5 min, 95 °C 30 5,65 °C (-0.5 °C )45
5,72 °C 1 min, 15 ¥ ;95 <C 1 min,60 °C 45 s,72
°C 1 min,20 ME¥F;72 °C 3 min, P H4H) PCR P24
23 DNA ghife 5 5 T k0 82, R )5 7 1k
Trans5a B2 AN, J5 SEEA TP 350
1.5 LncRNA-NEATI EE S 31 F X E A sgRNA
it

BT XF LncRNA-NEATI 3£ 9 )5 ) F X (=300~ 0
bp) ] CRISPOR ( http : //crispor.tefor.net/ ) 7£ £k 1%
it 2 Xt sgRNA T35 ] Ay 10k B cfdSpecScore >80,
Doench’16-Score>50 [1] sgRNA
1.6 px330-sgRNA RHIHE

WA sgRNA 191G B ) B AD Y FREE SEA%
iR sgk Fl sgR , FHAE sgl (19 5% il CACCG , 7E sgR )
5" AAAC, 95 C7ZEVE 5 min, IS H), (il sgF
Hl sgR 1B K H AR, Bbs 1 WD) px330 24, [mlialifb
5B K WSEAL IR %42 , 554 TransSa JBZ 410, 5
SR TP BIE 5 TG Y R R TR R,

1.7 px330- sgRNA-dCas9-KRAB #; &+

I EEY] px330 BB Cas9 JP N £ 50
A 15, SR )5 T4 dCas9-KRAB-BSD 1 A #i% £ 72
BEfii . BRI B 5Bl px330 g4 AR,
it 51 ¥ F. 5'-TTGTACCGGTCGTACGGCTAGC-
CTCGAGAAGCTTGAATTCCTAGAGCTCGCTGA-3' il
R:5'-GATGCGGCCGCTCCCCAGCAT-3' # 47 PCR #™
., PCR WS HIAT ZA IS (51 F T
RIZR53) 1) bGH poly (A) FrBt, SRJG XS PCR ™4
1 px330 2K AT Age T Fl Not 1 XUEGY) I 37F
TTIEHE  FAE TransSa JRSZ AL, J5 L2470 7 9

WES R R, AL AR px330-MCS, #F
5 VE 45 1Y seRNA JE 44 2 3] px330-MCS, 4 px330-
seRNA-MCS, #R J5 %} px330-sgRNA-MCS F1 Lenti-
dCas9-KRAB-blast #£4T BsiW 1 Fll Eco R 1 BU§Y],
Bt Lenti-dCas9-KRAB-blast #§& A7 1) dCas9-KRAB-
BSD 3% # 3| px330-sgRNA-MCS H, JF i 5 20 4% {4
px330-sgRNA-dCas9-KRAB
1.8 Blasticidin S IFIEREIREREER

¥ PK1S A0l 12 FLAR ,24 h J5 1740 i 2% %
KE| 80% £ A7, r BIE M 0 pg/ml, 1 pg/ml, 3
pg/ml 4 we/mli Blasticidin S, 45> 5 2 ¥ B AL 3 3
WHEE B2 d e 1R ZES 7 d BSR40 8T
T, (51 20 B SCHE 1 e /DN T o Sk i 52 1 2 0 I o VA
i,
1.9 LncRNA-NEATI EE#/YTEL

B PK15 A0AAERE YRl 1 d Bl 12 FLAR, 5% Gt
WKL) 70% , R YY px330-dCas9-KRAB, 51
5 4 5 B Y px330-sgRNA1-dCas9-KRAB Al
px330-sgRNA2-dCas9-KRAB Jii %7, 48 h J&, Fl A
Blasticidin S 4 7 d J5 54T LneRNA-NEATI %
FNOE vy alllN
1.10 E= PCR

1 pg RNA 255 5% i cDNA, ffi i QuantStudio 5
AT qPCR P73, X R 5iR50 414 3 B F &
AR 3 K SR =AY 1S R R
IR . FAEYE 95 °C 2 min, 95 °C 15 5,60 °C 30 s,72
C 30 5,40 ME, EHE B LS BE AR 12 FROR
AR ot S A2 25 B &N, 519
FPA LR 1,
*1 AWETIEE

Table 1 Primer sequence information

S T ICRIE bR

(C) (bp)

LncRNA-NEATI  F:TCCAACCTTGACGGACACTG 60 165
R:TGCAGCTCTCAACTACCTGC

HPRT F:CCCAGCGTCGTGATTAGTGA 60 191

R:TTGAGCACACAGAGGGCTAC

2 R 550
2.1 ¥ LncRNA-NEATI 35%/930 4R R E i1
F R VA RO 20 A RNA 43 A 248 i 5 A1 41
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fi#% RNA, RT-PCR 45 . 7/R LncRNA-NEATI ik
TURMEA% , fE B o JLF AN 3R35 (B 1), HPRT
VESR AN 2 R, AR A MO A% PN e SR 2 1) 240
Frfizt , i mRNA TE40HE 5T i) R A i 2 T4 il
¥, 1S5 R R HPRT fEARIE R Y 6 15 50 T4
MR FF G H R IR E N

£ J5i cilliog 3

LncRNA-NEAT1

HPRT

Bl 1 LncRNA-NEATI MRS MAE#ZFHIRIE
Fig.1 Expression of LncRNA-NEATI in cytoplasm and nucleus

2.2 ¥ LncRNA-NEATI % FH2I6 5

HTH5E LncRNA-NEATI W% S iR 0 5, i
it 5'RACE X1 H: 5/ 3 )7 90047 1 s b, 6] 2 252 18
NSRBI R 2 270 bp IEHT , 5 TIAAHAT

M 5'RACE

B 2 LncRNA-NEATI i) 5'RACE #1845 3R
Fig.2 5'RACE amplification of LncRNA-NEATI

2.3 3% LncRNA-NEATI B 31 F X i) sgRNA i&it
5 EWIE

i iF CRISPOR 7E £k &% 11 #2 /¥, X LncRNA-
NEATI J3 3T X (=300~0 bp) ¥t T 2 % sgRNA,
2y ) K sgRNAT; 5'-CCGAGGCGTCTCCTCAGACA-
3, PAM & GGG, fii ¥ £J-200 bp, Doench 16-Score
Z BN 63; sgRNA2: 5'-GAGCAATGCCCCGGGT-
GACG-3" ,PAM 2} CGG, i B £J-150 bp, Doench 16-
Score 250 63,

2.4 px330-sgRNA-dCas9-KRAB #;{k I Eg 1116 iF

K 3 @R A px330-sgRNA-dCas9-KRAB £
it BsiW I #l Eco R 1 XY, 15 5 294 200 bp 1)
px330 ‘BHEFIS 000 bp ) dCas9-KRAB-BSD H Bt , 5
TUARAT

M 1 2

6000 bp —
4000 bp —

~—5000 bp
~—1200bp

M :DNA HI%F 43 7 J5i 12t bR MERE &5 12 px330-sgRNA1-dCas9-KRAB
MK Bsiw 1T Fl Eco R T XY ;2 : px330-sgRNA2-dCas9-KRAB %,
& Bsiw 1 Fl Eco R T 3R],

B 3 px330-sgRNA-dCas9-KRAB i HIEEVI S E

Fig.3 Identification of px330-sgRNA-dCas9-KRAB plasmid by

enzyme digestion

2.5 Blasticidin S §fi%&REREHHHE

& 4 455 875 72N Blasticidin S 5§35 7 d J&, 1
we/mlJit i ¢ & Blasticidin S A0 A9 40 i 5 A5 #550
AHMIAET (I 4B) 1 3 we/ml5 4 we/ml it & ik
Blasticidin S 2B 1y E@éﬁﬂ@%%é%ﬁ%t( K 4C A
4D) , AR S5 SE 0535 T | Blasticidin S %8 5 ik
JE 3 pe/ml, B 4A Ry BT R, 40 AR 4K GE
(8
2.6 CRISPR/ dCas9-KRAB R %I B 3% LncRNA-
NEATI WJRiE

i 5% Y2 px330-sgRNA-dCas9-KRAB ({5641 )
55 px330-dCas9-KRAB ( Xf 820 )36 h J& , ¥s /il Blasti-
cidin S THVEAML 7 d, XF LncRNA-NEATI R il 223k
AT qPCR K, 25 S) Wow, ST AL A L,
sgRNA1 FI sgRNA2 73 Ji{fi LncRNA-NEATI ik T
KT 73%F1 55% , ik 3 i 3 7KF- (P<0.05) .
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C D

A BAPEXT IR ;B 1 wg/mlfY Blasticidin S;C:3 wg/ml 4 Blastici-
din S;D:4 pg/ml Y Blasticidin S,

B 4 A[ERERE Blasticidin S ¥4I BFER R

Fig.4 The killing effect of different concentrations of Blastici-

din S on cells

IH 150
|
= =
5 1.0F
=
3
*
3 sl ) —
%: [
Q
S
pagicti:l sgRNAI sgRNA2
s

* FR XTI AR L 22 5 9.3 (P<0.05)

B 5 sgRNA1 F1 sgRNA2 ¥} LncRNA-NEAT1 EE TR

Fig.5 Silencing effect of sgRNA1 and sgRNA2 on LncRNA-
NEATI gene

2.7 ¥ LncRNA-NEATI BzhF X1 2I58E

J T — 86 IE CRISPR/ dCas9-KRAB £ 4+
) sgRNA JE A 2 Y EI L2557 5, FIFH Sanger )7
X} sgRNAT il sgRNA2 Y285 & v sk 45 o0 i, 4%
(K 6) BrsikEd b sgRNAT F1 sgRNA2 FO45 &0 5

I RBLH — 30, FLFF 9N AT 2 A BB S A A
3 1 i

UEAFE K BB 7 LA B DT REHE DR 20 2 (1 4 Jie 4
FAOEHY LncRNA 55 3 5 7 45 4 ik %88 RO
CRISPRi 5 RNAi il CRISPR/dCas9 i 4 L, 76 A
FEAMBEAZ N AHOCAY LncRNA 53341455 7 ( Enhancer-
derived RNAs,eRNAs) A BHEAMH > I Hi
AT DL AT i e Y R ST , ABT R T R R 4 LA

R o R T B B

LncRNA-NEATI TE &4 & 3L 2 7 T/ R AL 4
A N, VB R A% 0 4 43 328 2 55 40 i 0 45 #4) 55 BE
(Paraspeckle ) ) JE WY AR & B LncRNA-
NEATI JLF RRIK T AMIA%, & W LncRNA-NEATI
(23R 22 AL TE D b B A ST A SF . H T Lenti-dCas9-
KRAB-blast ZAH K (4 14 kb) , W0 5R PR 1 Yy
seRNA FRIRHAA , 25 T 30 YR I, I 235 1w Sk
DT BR AR, A WIF 50 3 3o i ) 5 0 s R p T
px330-sgRNA-dCas9-KRAB iX Ff “ All-in-one ™ % {4 |
H seRNA Fil dCas9-KRAB ik TuFER 3 & 2 — 3%
(A, R RE 4R T 30, #2080 T Rk sg > i
HE— SR THITERSCR

fii T TSS A [A] fi & 1Y sgRNA X CRISPR/
dCas9-KRAB B UTERACR HA vesg PR
IWATIFE T S 5'RACE i€ T LncRNA-NEATI
[ TSS, T KZH % LncRNA JE R | H & kK
SRR T 2 A P AR W ik S A
TR AR LncRNA 1 TSS IR 5, X A&
FIFH CRISPR/dCas9-KRAB R S ULER LncRNA — 4~
PRI R 2

TSS BT )7 XU FE R 33k 7K - EEL
HCIX I Py i g ) A A A 2 B ) R R TR ) R
B RS dCas9 SEERTE HOR A, AN S 1%
seRNA (945 & 7 #5050, R T i — 25 B LneRNA-
NEATI WK T HAIE T sgRNA Y)FH] TSS Btz A
Bl X 3 B, AW 52 R Sanger T X 3 56 41
seRNA IS5 AL TR b, 2558 R A5 &4
NIRRT KA MBR A G A, 3R LneRNA-NEATI 1
FIK FH 2583 CRISPR/dCas9-KRAB ZR 45K 523,

AWFFE 35 T LncRNA-NEATI FE [H ) TSS fif
S TE L S 3 F KR IR RE T 2 XA AL
sgRNA |, i 15 #4 8 “ All-in-one” 2 & | #] F| CRISPR/
dCas9-KRAB R 441 5 ULBR T % LncRNA-NEATI %
MR35,

Sk

[1] LODA A, HEARD E. Xist RNA in action; past, present, and fu-
ture[ J]. PLoS Genet, 2019, 15(9) :e1008333.

[2] KUANG LD, LEIM, LICY, et al. Whole transcriptome sequen-
cing reveals that non-coding RNAs are related to embryo morpho-

genesis and development in rabbits [ J]. Genomics, 2020, 112
(3):2203-2212.



B EZE . CRISPR/dCas9-KRAB RGN H LncRNA-NEATI $:[H] 1041

SgRNA 145 A7 A V
L

CCTTTGAGCAATGCCCCGGGTGACGCGGCC

xR
CCACCCCGAGGCGTCTCCTCAGACA

GGGTC

Ul

S
CCACCCCGAGGCGTCTCCTCAGACAGGGTC

SgRNA2%E &7 5 M M\/WM

B 6 ¥ LncRNA-NEATI E%1FX sgRNA %5 & i S Y Sanger 7l 7 14 E
Fig.6 Sanger sequencing peak map of sgRNA binding sites in the promoter region of pig LncRNA-NEAT1

[9]

[10]

[11]

CCGTTGAGCAATGCCCCGGGTGACGCGGCC

i

MACDONALD W A, MANN M R W. Long noncoding RNA func-
tionality in imprinted domain regulation[ J]. PLoS Genet, 2020,
16(8) :€1008930.

LIU B, SUN L, LIU Q, et al. A cytoplasmic NF-kB interacting
long noncoding RNA blocks IkB phosphorylation and suppresses
breast cancer metastasis[ J]. Cancer Cell, 2015, 27(3) :370-381.
XU H, JIANG Y, XU X, et al.Inducible degradation of LncRNA
sros] promotes IFN-y-mediated activation of innate immune re-
sponses by stabilizing statl mRNA[ J]. Nat Immunol, 2019, 20
(12):1621-1630.

JIN L, TANG Q, HU S, et al. A pig BodyMap transcriptome re-
veals diverse tissue physiologies and evolutionary dynamics of tran-
scription[ J]. Nat Commun, 2021, 12(1) :3715.

GAO J, PANY, XU Y, et al. Unveiling the long non-coding RNA
profile of porcine reproductive and respiratory syndrome virus-in-
fected porcine alveolar macrophages[ J]. BMC Genomics, 2021,
22(1).177.

LIU J, ZHOU Y, HU X, et al.Transcriptome analysis reveals the
profile of Long non-coding RNAs during chicken muscle develop-
ment[ J]. Front Physiol, 2021, 12.660370.

DU Z Q, EISLEY C J, ONTERU S K, et al. Identification of spe-
cies-specific novel transcripts in pig reproductive tissues using
RNA-seq[ J]. Anim Genet, 2014, 45(2) :198-204.

DERRIEN T, JOHNSON R, BUSSOTTI G, et al. The GENCODE
v7 catalog of human long noncoding RNAs; analysis of their gene
structure, evolution, and expression[ J]. Genome Res, 2012, 22
(9) :1775-1789.

FATICA A, BOZZONI 1. Long non-coding RNAs: new players in

[12]

[13]

[14]

[16]

[17]

[18]

[20]

cell differentiation and development[ J]. Nat Rev Genet, 2014, 15
(1).7-21.

BOETTCHER M, MCMANUS M T. Choosing the right tool for the
job: RNAi, TALEN, or CRISPR[J]. Mol Cell, 2015, 58(4):
575-585.

QI L S, LARSON M H, GILBERT L A, et al. Repurposing
CRISPR as an RNA-guided platform for sequence-specific control
of gene expression[ J]. Cell, 2013, 152(5) ;1173-1183.
GILBERT L. A, LARSON M H, MORSUT L, et al. CRISPR-me-
diated modular RNA-guided regulation of transcription in eu-
karyotes[ J]. Cell, 2013, 154(2) .442-451.

GILBERT LL A, HORLBECK M A, ADAMSON B, et al. Genome-
scale CRISPR-mediated control of gene repression and activation
[J]. Cell, 2014, 159(3) :647-661.

ALERASOOL N, SEGAL D, LEE H, et al. An efficient KRAB
domain for CRISPRi applications in human cells[ J]. Nat Meth-
ods, 2020, 17(11) :1093-1096.

LIU S J, HORLBECK M A, CHO S W, et al. CRISPRi-based ge-
nome-scale identification of functional long noncoding RNA loci in
human cells[ J]. Science, 2017, 355(6320) ; 7111.

KLANN T S, BLACK J B, CHELLAPPAN M, et al. CRISPR-
Cas9 epigenome editing enables high-throughput screening for
functional regulatory elements in the human genome[ J]. Nat Bio-
technol, 2017, 35(6) :561-568.

THAKORE P I, DIPPOLITO A M, SONG L, et al. Highly specific
epigenome editing by CRISPR/ Cas9 repressors for silencing of distal
regulatory elements[ J].Nat Methods, 2015,12(12) ;1143-1149.
MANDEGAR M A, HUEBSCH N, FROLOV E B, et al. CRISPR



1042

AN N A o

2023 4F 45 39 & 4

[21]

[22]

[24]

[25]

[26]

[27]

Interference efficiently induces specific and reversible gene silen-
cing in human iPSCs[ J]. Cell Stem Cell 2016, 18(4) :541-553.
SUNWOO H, DINGER M E, WILUSZ J E, et al. Men epsilon/
beta nuclear-retained non-coding RNAs are up-regulated upon
muscle differentiation and are essential components of paraspeckles
[J]. Genome Res, 2009, 19(3) :347-359.

IMAMURA K, IMAMACHI N, AKIZUKI G, et al. Long noncod-
ing RNA NEAT1-dependent SFPQ relocation from promoter region
to paraspeckle mediates IL8 expression upon immune stimuli[ J].
Mol Cell, 2014, 53(3) :393-406.

LI K, YAO T, ZHANG Y, et al. NEATI as a competing endoge-
nous RNA in tumorigenesis of various cancers: role, mechanism
and therapeutic potential[ J]. Int J Biol Sci, 2021, 17(13) :3428-
3440.

BOMBS, JrmEEL, Y OBR, SRR RO E AN % FSL-1
FIUS IncRNAs () %5 5E SRR AE 40 7 [ 1], 195 4l 2 4,
2019, 35(2) :346-356.

ZHAO Y, HOU Y, XU Y, et al. A compendium and comparative
epigenomics analysis of cis-regulatory elements in the pig genome
[J]. Nat Commun,2021, 12(1):2217.

SAKUMA T, NISHIKAWA A, KUME S, et al. Multiplex genome
engineering in human cells using all-in-one CRISPR/Cas9 vector
system[ J]. Sci Rep,2014, 4.5400.

CEBOLA 1. Deletion of regulatory elements with all-in-one CRISPR-

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Cas9 Vectors[ J]. Methods Mol Biol, 2021, 2351.321-334.
RADZISHEUSKAYA A, SHLYUEVA D, MULLER I, et al. Opti-
mizing sgRNA position markedly improves the efficiency of
CRISPR/dCas9-mediated transcriptional repression [ J]. Nucleic
Acids Res, 2016, 44(18) :el41.

LAM M T, LI W, ROSENFELD M G, et al. Enhancer RNAs and
regulated transcriptional programs| J]. Trends Biochem Sci, 2014,
39(4) :170-182.

CHEN H, DU G, SONG X, et al. Non-coding transcripts from en-
hancers: new insights into enhancer activity and gene expression
regulation [ J ]. Genomics Proteomics Bioinformatics, 2017, 15
(3):201-207.

NOJIMA T, PROUDFOOT N J. Mechanisms of LncRNA biogene-
sis as revealed by nascent transcriptomics[ J]. Nat Rev Mol Cell
Biol, 2022, 23(6) :389-406.

AOYAGI N, WASSARMAN D A. Developmental and transcrip-
tional consequences of mutations in drosophila TAF ( II') 60[J].
Mol Cell Biol,2001, 21(20) :6808-6819.

DANINO Y M, EVEN D, IDESES D, et al. The core promoter; at
the heart of gene expression[ J]. Biochim Biophys Acta, 2015,
1849(8) :1116-1131.

BUTLER J E, KADONAGA J T. The RNA polymerase I core
promoter: a key component in the regulation of gene expression

[J]. Genes Dev,2002, 16(20) :2583-2592.

(FAER R R)





