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Advances of CRISPR/dCas9 system in live cell imaging
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Abstract: The study of distinct genes, chromosomes and the spatio-temporal relationships between them is of great
significance in genetics, developmental biology and biomedicine. CRISPR/Cas9 has become the most widely used gene editing
tool due to its excellent targeting ability. Recently, researchers have developed a series of advanced live cell imaging
techniques based on the nuclease-inactivated mutant of Cas9 (dCas9), providing rapid and convenient tools for high-resolution
imaging of specific sites in the chromatin and genome. This review summarizes the advances of CRISPR/dCas9 system in live
cell imaging from three aspects, including the strategies of cell delivery, optimization of the fluorescence signals, as well as
orthogonal and multicolor imaging. Furthermore, we shed light on the development trends and prospects of this field.
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CRISPR/Cas (Clustered regulatory interspaced
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B — R N PR e R B AR R S, T RRXT P AR
(s 2 S SR DNAR®, % R4t Cas MR 11
LA M2 #A5] 5 RNA (Single guide RNA, sgRNA)
EET MR E LAY (Ribonucleoprotein,

RNP), R ) ) 0 S A A Wy G i R

UT4EA, LA CRISPR/Cas9 A0 2 i — 10 3k [H 4
BEARCEBINN T EYF &,
A, RN BIAFE T Cas9 AV AZ R I 2% 6 28 A8 {A
dCas9 (Nuclease-deficient Cas9) & J& T — &5 EWY)
BAGHAR, ARG BE T . A FEHLER LA S
S AR 22 (a1 56 ZRARAE T A Rkt s 1T BP0 A
X CRISPR/ACas9 &t 111 Al sUAR B A A7 18]
I, FEMA % L PO E SR DL R OEAS
2% 3 S iZER T CRISPR/ACas9 R G 7ETS
YA AR R BRIt USRI G
JeJr i ER 2 2 R I

1 CRISPR/dCas9 % 4

DA Ak Bk P 5% BR 7 Streptococcus pyogenes

KUY Cas9 (spCas9) MALFEKM CRISPR Kk
1T 280" 02 I F s A & R S R i s 2 1
ikl i sgRNA HIEREFFIIMFERELS A,

Cas9 A FEFFEE I R S e e IR, & DNA
XUEE (/) W 24 . Cas9 #% R PN V) il i) 7% M AR 3 T
HNH 5 RuvC Z5#ads, b HNH 25443 7 35 U)
#15 sgRNA H Ay 4E4R DNA HiE (Target DNA
strand, tDNA) . [l RuvC 4544 354 Sk 8 47
DNA % (Non-target DNA strand, ntDNA) #9 1]
U g 1 poR, At A8 Cas9 4 10 fLp R
KER (Asp) 555 840 ML ERR (His), w345
R T (1282514 dCas9 (D10A/HB40A) M, %
RARAEAYIE DNA HIRES, (B T456H
PrREERFAI R fE. 5% 3T CRISPR/dCas9 %
G R T — RPN ARC TR TH, SE3 X
2R AL DR 2 A 25 B v A i B 281

2 REEBREA
e 6 L M DR 20 B AT PG . L
[ = 275 TS FRL A, O 65 R ) 260 T LA
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Fig. 1 Schematic diagram of the three-dimensional structure of Cas9/sgRNA protein complex binding to the target DNA.
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satellite, MaS) K% LA (Minor Satellite,
Mis) 42 J5 51 26 9 B D A pRic B3, SR
W s 2 3k 7 200 A 1) 2R R GR 7K T R
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I d ’ I
| /
l i 2l |
0 I Ve
£ “ s |
D) ' i =
2 L / ' ‘
‘ sgRNA |
I sgRNA '\ _ _ _Tr_anggnp_tmn = I
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Fig. 2 Three strategies for delivering CRISPR/dCas9 system.
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32 RAEFESMI

FH 135 20 i SR ) 98 A5 538 ok H 26 R
W i = I R MER U ) DR Z S N SR i
il 2 65 B SO . — S, B
PCHRERESR B POUFE S AR . S T RETE Wi
SHFEHRERE, MR AR RS R 2R T
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321 RNAX#
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MCP %1 (MS2 coat protein), SZELZ¢G(E S0
W4, Shao Z5X} RNA Z5FRE & 551 i A7 &
DLRCESR AT TR, kS R IR S R4 A
5§01 dCas9/ sgRNA & &1 5 HARf g5 a1, 5
3k, Qin ZMNE it T4 4 16 4~ MS2 (1 sgRNA,
WX IR R B R AL SR S sgRNA 1
Bt A %R . Ib4h, Cheng Z5ENJF & 1 A &

A
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L Y +

MCP
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Fluorescent factor

4 PUFa

+ _—>

Spacer
. T —

PUFa binding sizexn

S

I £ 3k 25 2 D114 B %% RNA %4211 Casilio 241,
Kl 3B fin, Alao & MM PUF &5 PBS
(PUF-binding site) FE8I4E4, e skl fl 5 22
S SR A S A TR B AR IS . SRR ZE IR
YU, — i dCas9/sgRNA Ffik Sz 485 41
SRR ZPOEE M . LAh, HEE RNA B
D, 5 dCas9 JE M RNP 54, il §F
MAVA 8-mer K/INE) PBS B AL RS, AT 4 Fh
EAZH) PUF ZE1-PBS 4544, WG4 £ mig
T HM T A B E T Bl
322 EBHAXHE

P& = D ICAT 5 W A5 e e i Ly XA FE 1 5k
B OLA B21E S, B8 BRAUA R 2L
o B E —MGE A E L 2SO E AR DL
P, B, —Bf; dCas9 & [l ¥ 25 F bR
0, TERER DO Y[R R T sl sgRNA [
FHAPZE, T CRISPR/Cas9 RSEFRiCHRIE
PEUO (R, 32 4L P A P Kk R
Wi, A 2k 248 DL R AR HAT — 2 H M
JE, DN E AR A — e /N T2 KU
B 4 7%, Tanenbaum 25H9F % T Suntag %t : 76
dCas9 & 11 C IRl a 1 24 ¥ D s ek (e
IK), ARG IR SR YOE R 45 A P ik
-GFP A, FABURE-BUAR AR 25 A

Target DNA

~'
\‘_A?Cas9 protein
g;g‘;m
/M%

3 #3# sgRNA ZIRZ M (A) SEHIE™ (B) BFHBERALES
Fig. 3 Construction of sgRNA stem-loop scaffold (A) % or linear scaffold (B)!**! to enhance the fluorescence signal.
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LM ZHE DL GFP B 1 WAric . AHLLTF dCas9 il
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B2 Y6 & 110 FP1-10 DA K FP11, dCas9 &5 [ fil
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BT A R A e E S P BT R
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Fig. 4 Schematic diagram of Suntag protein scaffold".
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Fig. 5 Schematic of the split fluorescence protein (A, B)®® and BiFC (C)®Y.
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33 EXZEKE
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AR B R E T, USRI 7 40 P ) 2 B 1%
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Neisseria meningitidis (Nm) . W& # £ Bk 14
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Cas9 & [ HAARE PAM TR SIS H A T 0
e, AHEIRVE M IEAS KT8 1, SEEXT I 40 i Y
Z sk EmE I 2 4%, B SpCas9
E A, HAb KR K dCas9 & [ %) PAM i 5 At 5
KIS R T, BAREER PR EEA IR, Kk,
W2 B Bt m YOt ES 515 sgRNA
FI I . UNHG SCATIR AY CRISPR LiveFISH A,
Wang 5573 71l ok 2R (.9 3R Atto488 FIIZL (a2
# Atto565 &£ 4 sgRNA, JEMIERL RS, 5
BT TS5 L DR 5745355 R A Sy [ st M g T
Ak, Ma 1 %) CRISPRainbow A (& 6) 7£
MS2-MCP £l PP7-PCP ) RNA Sz 4836l 5] AT
%5 3 Bl boxB ZEIR LT M N22 2 FIFENAS 3 Fh
BAZR, SR MCP. PCP 8 N22 4l &
o SREMLETOEE A HRPRIC sgRNA, TEZ

_JMS2
PP7
_ JBoxB

BFP GFP
MCP PCP l
RFP
0%
N22 ) .I
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6 CRISPRainbow % & ff f& % A
Fig. 6 CRISPRainbow multicolor imaging technology

&: 010-64807509

[41]

MS2

7

I A o/ i T OO [ 11 A 3 D2 E A= | 3 41
AR B R ASEI6G, BAaKET
SgRNA ZZ87E Z a lifg g

4 RELERE

CRISPR/Cas9 R4t [N HMEER sgRNA H [
PE A A T A AR E AR TR
FEPE, ELui Iz N TR A g . R
Yot KRR S48, o Cas9 AUAZ IR N DIk 1%
ZRAFR dCas9 5 FISH (3L E (iER] T CRISPR/
dCas9 Z 4t He M iff b L IR B AR LI . 3
ok, MB@EB| e, WS B2 8 . WE
A6 Y o (AR B DR 2 3] 3 s e £ (AR L IR ) 5 Ao S 1
CRISPR/dCas9 Z 4t i e/~ T 71 40 i il 1% I
BB RIS, 8%, H RNz SUSA R A EAR
Z R F AR YL [ AN, X I DR A PN P R
H G P AN AT Ay R AR APk . TR A
W O B R B hRid 2k, TS
dCas9 2 I MBS Yehric 2 P b 3R [n) B 45 4L
iz —,

CRISPR/dCas9 Ji 4 45 A A 1] ikt #2537 £
CRISPR/Cas9 &[N 44k R G A B ok ba v hil 2.
un, Cas9 iy FE RN A AT e B P i 25 5
Kb, KB D:, BRI A %00 sgRNA
FHF bR SE KRS A BUR T EE EAh,
H 32 PAM i s BRI, R CRISPR/dCas9 A%,
BRG A — N R RRME . @ 3L F 58

I MS2
$ BoxB

‘ BoxB
PP7

l i l
e Fe Fa

Magenta Yellow

. cjb@im.ac.cn



3068 ISSN 1000-3061 CN 11-1998/Q =¥ T #2244k  Chin J Biotech

N T 2505 2345 PAM A B E Y Cas9
FASR, JEfde Bk 8 A SRR . B2,
CRISPR/Cas f&—/™ k4 e K I8 FlB K%, Cas9
R H AR NN —28 8 1 . E4FE K, Cas 12,
Cas 13 LI} Casld Z5F I HE A H kAR B,
Hrfr, Cas13 2R M BEUS R M HL 4 i RNA T dE
DNA, 5T CRISPR/dCas13 &%, w1 & HEF %t
TE AP RNA S50 g T 1 Kok, 454G
CRISPR/dCas9 5 CRISPR/dCas13 &4 A, #f
[ B 38 B 06 40 i L 2= 05 4R N DNA 5 RNA 7ER %8
R, A BRI A P T A R 4 LA
R st A5 9 1) A= ML SR A mT 5 i A T HL
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