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ETCRISPRImE R L HIDNA F Bl BRH A
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Ol R A B2 22 e, A A AW IR GRS M ) [ X g &, T 510642

WE K TCRISPR/ICasO R4 MERHmBH A CRCNEF I REH AMBAEB W EZE T A, /£5 FRNAKSI ST,
Cas9O#R 11563 [A 41 HEAT 15 2EAT A5 vk D) 3077 ZE DNAXUEE T 24 (DSB), i B4 i P (XIDSBAE B ML, 7T S I 3 DN 4 #0437 i 3
MBI, iANECE B, HERERBIMER. % X9 T 2T CRISPR/Cas9%: K4 4 45 A 4t i DSBAM [R5 A i i B 15 = 7
FUMMEJ)$ 1 5 K 2L DNA A B Bk 30 1 04, 5 T8 MCRE A 1 TR S AR 6 7 T R I VA it o

XK

H:FZH w4, CRISPR/Cas9, MMEJ, fEIE, B

BHEZE, UKRE, EEE, SR, XL (2021). £ T CRISPRZH RS FIDNAF BRI AR, HY#4Rk 56, 44-49.

BT A% 1 R0 A8 TR B ) L (el S = R A (clu-
stered regularly interspaced short palindromic re-
peats, CRISPR) % 4t 1 3 [F 41 4 45 4 A R HL fi L 1=
RS, SR DI REWT FEM A% o R — T
Fa e R(Ma et al., 2016; 7R4kE1%E, 2019).
CRISPR#H%%E 4 (CRISPR associated, Cas)7E ik
5] $RNA (single guide RNA, sgRNA)IZI S, 7
B AL A DNAXLUEE KT 22 (double strand break,
DSB). 7EME Y40 T, DSB 4 40 i A A Al =] I8
K ZEF%(non-homologous end-joining, NHEJ)#E4T
&% (Manova and Gruszka, 2015). f&BINHEJIN S
112 52 77 20 DSB A sy 25 47 1l /) b 3 5 BT IE R,
XA G s e 2 77 RAE B E R A 2 S 8814
% H B B BUAEON, AT IE Bl o 5 8 D Re 1 B
P/ TITN: I S e W SNt L 10 B S DA 1115 5o g =
BN, GfEEER AR AR SRE EH,
Wi A AIE N 4 5% 2 [A] Zy B A H) 7 (Tuladhar et al.,
2019).

FE ) DR 20 A7 AE 22 b 2 0 1 I 42 T A 2R S
TSDNA, B4 8 31 B To 1 . mIRNAF 71 B H 45
AR PRI B PR B R A X, X 2ot
T 5 PR i I P /K P AT 1 2 D)8 (Burgess et all.,
2015). F|HCRISPR/CasOHi AR X} ix Leiff 4% /7 51 # 4T
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SndR, o2 H AT T DR I TR A DS S IR st
I R S (Zhang et al., 2018). 2R 1T, fEBINHED
MG CE L O R Sy R B SINE PN TS SN
A%, AR MEA BRI e AR G iBDNAST 41 1) T RE o
Rlitt, ] PAZE H ARDNAFF ZI B9l s v 2488 2, DA
IS FPEA AR SIMER D H . 280, 5 BINHEJ
I FBE RN, SEIL B R 1 RO UK (Canver
et al., 2014).

I, Owens%(2019) & I 7E 40 i A1/ R (Mus
musculus) it fi& #1, CRISPR/Cas941 31K b Bk 2k
2 T4 IR v A2 1 A R YR 81 (microhomolo-
gous sequence, MHS), 7Rl FIYE A5 10 AR v 2 422
(microhomology-mediated end joining, MMEJ)[& &
77 RS T K BEDNAGR I 1) A 26 o AR PR 1T A
W RPN, W AE/KAE(Oryza sativa)dt F 4 e 24
MHSA7 21 4 A7 & 1% 11 2 CRISPR/Cas9 ¥l i, it
TMMEJIDSBI& K 5 4t GE % L NHEJ 5 Jin v 24 il
DNA T B{(Tan et al., 2020); #t—F]HMMEJH
Fx DNA v B (1) J5 B, vy R0 Hb R — A 5% 5 DK A
T-DNAW I 5 2 i 126 bR i 5 L (HPT) I % (Tan - et
al., 2020). N 7 ETHF 7N R st TMMEME £ 7
AT Fr BMIBR 88 i, BATE— IR T —IEZ
T.HEMMEJ-KO (http://skl.scau.edu.cn/mmejko/), H
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T H 3R T MMEJI ) B B B i #E 00 (Xie et
al., 2020). A3 4HH H CRISPR/Cas9#i ik R 4t,
fEBIMMEJIN: S I\1DSBA& 5 77 FUHE i 2 R 4 v Bl B
R TT ik, 32 B AR pOGHAE TR 5AR SR ARG I 1
THIEEAT V20 B3

1 SEIRR

ARBHITFRMBEEEH TR, XFrEY 0
CRISPR/Cas9 K 4 gm i 344 £ 4t (Ma et al., 2015)
(7T LA AR ZH & Y, 0T 3@ iE Addgene  (https://
www.addgene.org/) 3 E) .

2 w5
W 77 2 45 Bsal BR il 14 M ) i . Phanta Max Su-

per-Fidelity DNA Polymerases{KOD-FX%% & {r H i
AR B 21 A5 R

3 INBEERH
XBEFEEXNE 0N BE TES. BN
A

B A3 R S BT B MMEJ-KO  (http://skl.
scau.edu.cn/mmejko/) (Xie et al., 2020)F1Sangeril]
S #FDSDecodeM (http://skl.scau.edu.cn/
dsdecode/) (Xie et al., 2017).

4 y_E)bDNAHEIHH“B%H,JHA“-LQIA-'L"
HFHMMEJ 2 3 A8 PRI B i) v 50 B, 72 B4 4

WHEEE4E: ILT CRISPR 4w 2 4if DNA H BRI AR 45

VIEIBE p ) 75 ZEAE B ARMIBR A BO U 548 15 MHSs,
SR JE BT LA A7 T MHSs P il HUR &2 5 3 MHSs (1) #
A F|FHCRISPR/Cas9 CRISPR/Cpfl /5 I 4 4
B2 MHSs P B IDSBs, A BT i 24 55 w5 )
FIMHSsF= A BT, 4 IMMEMB E R, &
M ER2A-MHSs 2 8] 1) B B (K1) .

5 SCIERIE
AR L2,

51 HRMHRIT

51.1 MMEJ-KO#EZi&+T A
BT Bt E N, B i A T A R MHSs
(BLASTNZE LU T R A X MHSs & 4K), FF7E
MHSSsH P - 4% A 38 $E 55, o SR 9% . IRk, A [
& T —ZA(E £ T. AMMEJ-KO (http://skl.scau.
edu.cn/mmejko/), F T B 3T K IF W iT 5 T MMEJ
(1) 25 (R 20 1 B M B #E f5 %) (Xie et al., 2020) .
MMEJ-KO ¢ #F £ Fi 5 [F 2H 4 5 R 40, fU4ECas9.
Cas9-NG. Cpfluk H & X AT Al 4% 1R B A2 44 1R 1 (1) 5
PAM (protospacer adjacent motif)Z$%! . F ek &
FEB I SEMERAE, R TEMAES HiR
JBN#FE’J%léﬂfﬁﬂ(jﬁ%?%%lﬁﬁfaﬁ%
A5), A LAk — 25 5 B MHSs K B (BRI A 483,
e/ AT WA RS ) LA B B AR M Bk X ) (R AN ),
Bk sk 2> B 3h48 205 £ MMEJIH R AL S %, B 3)
Bt MIH S RIS I [ #EAE %o 5 7 ot A7 555 T8
AT VAN S AE S

Z L H H AT SRR AL IR A 5AN R

Target region of deletion
|

f )
Genomic region || e /TUZ@
|||||||||1Hl[|{f||||)||||||||||__//___ LTI T RECEE TTTTTTTTI T

MMEJ repair

%] i&‘ Cleavage sites
MHSs (=3 bp)

IRRRNARNrssssqRRNRRRRARRRRNNED

Bl FHIFEIEA T PR i & (MMEJ) & & 117 DNA v B B ) )5 2 (2% E Xie et al., 2020)

MHS: =5 7 %1

Figure 1 The principle for microhomology-mediated end joining (MMEJ)-based DNA fragment deletion(modified from Xie et

al., 2020)
MHS: Microhomologous sequence
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MMEJ-KO tool
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Figure 2 The experimental workflow for microhomology-mediated end joining (MMEJ)-mediated DNA fragment deletion

DAL D> 2R A L S A ik DR AL A HE s BTt o B4,
B SRR T I R NN 225 2k (R 4 10 e 97 2t 4T B
ROBETE, M RORE AR 1 S 2 2 D A1 A 0 %
“None” RIFRT, Lt ) 25 SROREAS L8 X B s 1) fld
KL RIPPAL o

5.1.2 #EXTAYIERE
MMEJ-KO &5 R it Il 72 — Al 2 B L, T
LWL BT N B A1) BRI e S TR A HR A AE Y
MHSZH. wiida e 1A EBMIBR X ), A 2 BoRfr
T DX T B I MHSS S 7 51 R 5 3 ) it s L
P B MHS 4 R0 5 7 ) 3 555 . SR AR BT
B —2HMHS |, 3R R 2 IR 1ZMHS 2 B
A A . A4 MHS R K “show” |, B
EoR HARF ] EMHSFIEE S PAM AL E

N TR S, MMEJ-KOX GC & & T
80%H MK T-30%. #7515 sgRNAJT #1148/~ LA At
XPORIE (5 5y 7= A P A i S IFTRNAZS - IR 45 1) . %424
ANBCCL BT (AT RR A MME R R 2 115 5), SOk
B =5 T 0.7 R I8 B0 A8 g 4R AR AT e 22, Ot
2 BRI R (1 NEN . B PRI BERE SO, N
RO B X R A B R AR IR . 1R
MMEJ-KOZ5 R TUIf Y, a) i FH T 30040 1 1) B8 0t
(248 Sy BRIk Ja, R primerDesign i) Bk 4 2
sgRNA R & & 51 ¥ ¥ % T. H. primerDesign-V, 1T
FIEIS2 I8 5%

5.2 HREBHEHWESEL
HI T2 FMMEJSCHLA BUMIBR, #2248 i 3L 7 2

b, DR 7 A T — N OO 0 G R AR A I T g%
FEAb o S I FR 5 0 T 11 A7) kDR 2 G R A A
[, AL RATESgRNARIE G E . KRIEG T
P 2| CRISPR/CasO Xyt 4k Ak LA % 153 7% T Ab 3R A i ik
DR BH P FE R (1 2) o BLAARRT 2255 ¥ R B 45 (2018) 4R
Jitke

5.3 FLHEMREREXBEN
FERRAFPTE I To e A RERR G, 7 B — D A R R
TR bRk R 20 A B B s AR A 5 81052 75 A7
RAZ . WRYE S H HAN H AR MBS Fr BUR R, it A
IS FR A 384 S A P S BEAT R o KR4 F AR A
B R/NA T2 EA800 bp Ay 5, Wik i %), 2
BEULR 2809 1 T7 A 8275 (3A-C).

5.3.1 BRIk ERFES00 bp LARIEY#MI75 %

1T AR ER A BUBDS, AT RS D6 2 BE
ezl 51 ) B P 3T PCRY™ 48, AR 408 B FEL VK I 5%
it RN FIWT B 75 5 A I B O 1 MBS v B/ 150
bip 9 X LU I BIR HE B K X 7y, R HE— 2D
B B S AT I T 0240 ) o X T AR A, AR A
AHAPLUREM GO A T BONER, W HIkE =
I K /N2 2 2Rl (RO IR D AR A I i 4 25
BUNFIONREMIBR (261 ) . AR25F Gtk R A T
I 53k OB B Py B A 88 A 95 T RE I AN 52 4 A [FD),
U FL G St A BE R /N T B AR AR

5.3.2 B#RMIBR A EREES00 bp LA B4R A5 5%
XTI A BORCR I 81, AT RSB e I A5 A
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(A) T SEMIER v Be/NT 802955 T-800 bp, 7EHE AL (T FUFAIEE &2 (T2)M T Tk 51 9(T1-F)F R W 51 #)(T2-R)i#TPCR
o1, (B) WERMIBR B KT 800 bp, & 4% 51 LLF &4 38 P K AR BB £970-100 bpff) % 5l), %34 PCRIR M
(T1-F/T1-R.T2-F/T2-RFIT1-F/T2-R), WA LATER—MPCRRMAE A% SR Ry 8 M T1-F/T1-R ) BAIT2-F/T2-RFy BLifi ™
WAHTLI-FT2-RAN B, RF\BA KA BEME, WAy 8B TI-FT2-RA R BMEA Y HTI-FTL-RA BRT2-FIT2-RF
B, RN B A T R BOMIBR, i R34 BUER Y G, SR — AN AT A T R B R T 53— S AL B A B
IER); (C) H5RM& (A)KI 51 Wit IPCRY ™ 1Y AL gk AR I B . WT: KRB E AR 1-9 N Todn ik, itk 1-4 1244605 51
WRAET FBMBR; FARS. 6+ 8. OF INENFHIRA T Fr BbR, FMKR7AR KA BB,

Figure 3 The strategy for identification of the mutant types in transgenic plants

(A) Amplification of the target region using the forward primer (T1-F) upstream the T1 and reverse primer (T2-R) downstream
T2 if the length of desirable deleted fragment is less than 800 bp; (B) Four primers (with the length of the following amplification
products is about 70-100 bp different from each other) with three combinations (T1-F/T1-R, T2-F/T2-R, and T1-F/T2-R) or
pooled in an amplification are suggested if the length of desirable deleted fragment is more than 800 bp (there is no deletion of
the target region if the resulting bands are produced with primer groups (T1-F/T1-R and T2-F/T2-R) but not T1-F/T2-R; both
alleles had fragment deletion if the resulting bands are produced with primer group T1-F/T2-R but not T1-F/T1-R and
T2-F/T2-R; one allele had fragment deletion and the other allele had no fragment deletion if all three fragments were produced;
(C) The example of gel electrophoresis according to the detection method of (A). WT: Wild type; 1-9 indicate edited T, plants in
which 1-4 with biallelic fragment deletion, 5, 6, 8 and 9 with heterozygous deletion and 7 with no deletion.

EAR B Fr B AE 9 (FE 2458 55078 Z1 R A 8 51 90 B
FEPCRY 1 J5 AT Ha vk, LAWID HI W24~ 88 s i) 2 7
FEAE R BoBR . KT, BHT9 38 5 BBk, R AEMI
Bk 1 55 7 G (B ] g 2 DR 3 TR e 5 BOAS e 9 318
X IR 7N B 2 il B3R A FE R AIAS B L%, T %o AR
AP RR R R, AT L — 2D IR E AT
PR A0 43 500 SBE THAS I 5| 0 EAT T I (7 0 v BeOK/INEE
500 bp-1 kb [f]); ] LLR4%% 51 7E Rl —PCR
BT G Gn ST DAY 8 H WU A, B
SRESURENE S A SN N o) S (Bt A=A 27

ST KA R R FRAZ KRG BRI, 752t — 5
A i

I PCRY™ 3 w] LAA] A5 2 W B A5 B 15 K A4
MR, AH SARIRAS HAR I RAR J5 PP 51 SO o ) 7 4
750 ) 5 B I B I A AT A . T
FEARYI P B, 0T 3 7R ) B R AT 5 il Sanger
W, G0 52 g A BOB AR AL R AR 23 7= A E S IR U
B, T JCVE E A RAR R BIANT 5] AR VR HTHA
FRT —EHTREFRIBGEL > TR
DSDecode (Liu et al., 2015) 2 27t ikDSDecodeM

© 0000 Chinese Bulletin of Botany



48 fHYIFMR 56(1) 2021

(http://skl.scau.edu.cn/dsdecode/), ] %2 444 .

WUEEAL Al RARSE T I 7 SO HEAT PO 4T
R P HRAE LR B A8 4 488 X % B 1 87 A 8 7 47 Kl
A (abL A% QU B SCAF), RIS AT REFe Mg d, 4t
Xof 7 AR R AR B4 B o F T30 06 PR ) o i v
KBRS 0 T 2R, DRI FRATTHE A FH P 3 8
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CRISPR-based DNA Fragment Deletion in Plants

Xianrong Xie, Dongchang Zeng, Jiantao Tan, Qinlong Zhu, Yaoguang Liu"

State Key Laboratory for Conservation and Utilization of Subtropical Agro-Bioresources, College of Life Sciences,
South China Agricultural University, Guangzhou 510642, China

Abstract CRISPR/Cas9-based genome editing technology has been an important tool to study the gene function and
genomic modification. Directed by a guide RNA, Cas9 protein can cleavage the genomic DNA at the target site, and
produce mutations, including deletion, insertion, substitution and fragment deletion, by DNA double strand break (DSB)
repair mechanism. In this protocol, we introduce the method to use CRISPR/Cas9 system to increase the efficiency of
genomic DNA fragment deletion with microhomology-mediated end joining, especially the details in target design and
detection of mutant plants.
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