CRISPR/Cas9 FRTEKEE M HEF B LB AT
BEY, EaiE, HmME, Y, R
AR K= a5 AR, A% H 050018

E  CRISPR/Cas9 HiANE Ay— s A 5 K AL gt T EL, 78 A R S 40U 1 87 P L2 AR A5k ek
o WX AR ARSI T, RS HE IR TR O I A A IR, SRR G S
B8 7. RSB T — AN BIEE R 56, “FIA] CRISPR/Cas9 £ R HF7iik4 /K F& SSAT (seedling stage
albino®) KK 4t F AR . %525 5 78 4 B34 IR B AR CRISPR/Cas HiAR [ B ALt fe, B
WRINIRE] SSAT HEFR1E /KRR LK R B v R 47 10 T 10 PR A TR, 7 25 2 S8 14 )l A0 P28 ) L
B, Bk PR R R R RIERS

X4iE  CRISPR/Cas9, N4k, /K, sLibzrEiit

N TR AR R R AT S, B FOT RO S AR R A gm i T H, % S R AR R PR TR
M (zinc finger nuclease, ZFN)F1%% 5% JiE K+ #F 20N 9 #% BR ¥ (transcription activator-like effector
nuclease, TALEN), ‘&I K# 5 A& L], IR0RER PP 51, i i XUE 724 (double strand break,
DSB), X L6k pe] 2H 4 48 T 7040 A Ok R b 7 225 28 1) B B B VT R CARAG LR, 7 N U I ) e
MG AR U B, I T HRER A, R EE 2 HORNI B JE (Sander et al., 2011; Reyon et al.,
2012). RNA F4i(RNA interference, RNAI)ARARE ¢ 4 SREL 51, T2 RS PRaE TR H 92, (H
2 HH I DA TR0 Ay i #2508z, B 51 A ARy S PR R UER, Rl 2 (R Y 2 ERT i 5 A 6 R e 1A R ) 2 A
(McManus et al., 2002). Fit, #FFA R — BRI FE AR HOR, S A 2 E g BRI R
PR, DAE SR i b 2 H 2R R (PR 0TS, 2023). S5 1R 18] b 45 171 SC 5 /CRISPR AH G 9
(clustered regularly interspaced short palindromic repeat and CRISPR-associated protein9,
CRISPR/Cas9)H AR Jy—Fhiliid RNA 5]-5 DNA $E[H] 1) 2 D e R Rl g BeoR, B Hh B 2 AT 3 R 2
AR LA R RS T 2%, 5 ZFN R TALEN S H R AL, CRISPR/Cas9 # R TE T B it 6
B R, BRRESCHLNT H A RE R (1 oh REME RRRR (knock out) X AESEELEE (knock in), I H R0
(R 2H oid Be ) (e P8 5%, 2022). AU anit, CRISPR/Cas9 At x) 3'F1 5" Kt 3 A Rz H Bt
ITHEM, AT DE— e R IR il s gm AR R, PR LR, (Asmamaw Mengstie et al., 2024). 4h,
IR IZ I Cas9 HEY e 1 RPN 4H g8 B vt A1 VG, e N LRt 1 5 2 (1) £ (Steinert et
al.,2015). #£ T CRISPR/Cas9 J5i#, F}2 5B BuGE Bttt 1 mRk. M HEM S i gn i R, AEYEE
RIZH Th RE R AR BT VPt A% o RFIHT A 55 & SR 4 1 0o 0 B BOR SRR (TR L 58, 2019; Li et al.,
2025). /34 CRISPR/Cas9 SR Ll ik 2 i, (B —LLin) @A Rt — B4R E . Flin Cas9 HHH
ST ML 1T sSgRNA H 73 55 H SR 1 31T DNA 2R 1) BARNLE], Z5MA R T, FidE— PR

Wk H 3: 2025-04-27; #:% H #: 2025-07-29

BE&WH: WAbE @S5 ERAEY 7 H (No.BJK2024165). Al b & #E R “ 00 H” MR 4L i
(N0.2406039). T dbRlE K 5] 3 A A RIS 554 4 (No.QD2023010) A5 1648 # & T 7E 520 50 4 G137 i 7 93% 37 8 Bh
F (No.CXZZSS2025067)

* J@IEE . E-mail: 1820482432@qq.com; wangyanwei01@caas.cn
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SKARZ AN W (L et al., 2023). @ik sgRNA FF51. %4 Cas9-sgRNA B &Wiifase k. f#iH
REEIRFH VIR Cas9 RALKEEFBE— B2 LA CRISPR/Cas9 Hi A MRF m: PEHE A R R
(Liu et al., 2021), {HLERYIAEAEDIMRARY 21 = B ANPU PSS 2 ZL R g AR b, 5 EEE —
SE I AERF S ARG 00, TR ARSI 5T AT R e #E 2805 (Kumar et al., 2023).

JK#E(Oryza sativa)3: K 4H%) 78 440 Mbp, & RAFED B/ NRIE K 402 —(Liu et al, 2018), H A
FEHI RS, T FOKTERE R AL, 7T DO HAB R AR E Y5 R 4 o [R5 R S5 2, v B EMR
B[R T R B WE T B AL U 1 B9 3 % (Moore et al., 1995; Gale and Devos, 1998). i % JL4E,
CRISPR/Cas9 i AL HE 5 21 T AR U 1) B2 FH AT 1 S35 R, A9 H AT R R R g B, A 7
B, e A, HoKAREMAH S FRSEIOARL AT 5, HORBRE, RO K a S 1E v me
(R Sy, o 2 PR DR i B AR I, 402 R TR O 4 R R AE R 0 B P B RE A A%, X
Tt Sz RS L R (L i 2 R B R S SEER BR AR ARG &, 85 3R ORI 3 3= AN AR 4, $&F+ 2% 25 R LI
AL SRR IR B BE 0, AR BRI AR T T BRIl 5 526 FL Al

BEHT, fE B KRS RA AR ORI T — 0 W B A B R R B R AR, K HAr 4N ssat
(seedling stage albino1)5875 44 . £85I 0 R I, SSAT FE A (1) 548 FLAR I 1 -G e A= 4 R PE R IR,
HUET S & Bk, kI A% (Wang et al., 2022), RI/KAE G S I8 5 F g, AL
SSAT FER Rt xt G, BT B S —— “FIFH CRISPR/Cas9 HiAM 7tk /K e SSAT BRI xf 3k
s AENERE S EYHEAR L (A L5 RPN — AR .

1 SR

1.1 SR HW
AR I SEBR A SL IR ER R RETS IR 22 2] CRISPR/Cas9 FiA IR HE 5 B4 IR, BN IRE] SSAT 3
DR F e e o /K FEAEL AR AR KR B 2. Xt CRISPR/Cas9 HiARMI%:>], REWSH5Bh %8 SR SLI6 wit.
PRI ANGS R S5 R ITV5, 9 fh AT BT LA R SE BRI B ) BE T, AR KRBT s AR BT T T
WR S ELA
1.2 SR
CRISPR/Cas9 T % Cas9 & M/ S[7 RNA (single guide RNA, sgRNA)H #4341l . %4 sgRNA
[) Cas9 & [ CIL K IEINRE, IEIETEN, HG 2 Cas9 5 sgRNA 454 )5, Cas9 & A4 S s . &I
B P> 71 4 %/ (protospacer adjacent motif, PAM)5 H 3L fr Boke A7 sidH 48, /& Cas9 H A BEAT
B HIHE R, Cas9 HEHAM sgRNA &4 Sl H KL EI T PAM FRa, T 58 5 H sk R ) 45
Ho TEEEAHEREEHPRAEFE S, sgRNA FHIRET 20 A6 57 EAMIC R IE T, S PAM i) 8-12
AL S AZ 0 T A, TR R 1 i AR A (52 %, 2018). Cas9 & [ E77E HNH A1 RuvC 4>
LIRS R, HNH S5 R38R VI #]5 sgRNA AL [A] 5 51 B M) DNA 6%, RuvC S5 fIsae s U1#] 5 0
MR [ ) DNA % (Nishimasu et al., 2014). 7£ Cas9 & HiR 5% sgRNA 5 PAM il DNA J B4 =
PE45 5 )5, Cas9 A HNH Al RuvC -S54 )% H PP Z1 ) DNA XUE, fil & A UEE DNA 255842
A [R5 A 5% 2 (non-homologous end-joining, NHEJ)i& 1%, %S &4 DSB (#4624, 2021), NHEJ i&
BHMEE R Z W, FEH A ThEE %k (Baltes and Voytas, 2015) (K 1),
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- R SE DR 2 A% L R ZH R 5 1 RNA 2 A (nuclear-encoded RNA polymerase, NEP)AIJ {4
K20 Zmfi ) RNA K4 B (plastid-encoded RNA polymerase, PEP)I:[A#5% (Wang et al., 2024), ASLE
X KFG ssatl RAMKHATHIF, KIN ssat KA E LA FD] RNA e R B, Sulint
SRR E M, #EMmEARI AL R . RYE KT SSAT [ i) 4 15 [X (coding
sequence, CDS)F41IiEHL 20 bp B BifE N sgRNA HFI#E R 41, #EmikkKiE SSAT FEAfH
CRISPR/Cas9 rilk# k. il F 4%+ CRISPR/Cas9 bk #4414 AT i (Agrobacterium){z Ys /K 75
D, B AEROKRE R ) SSAT JE [N, B H HH ssat AR A .

Cas9
sgRNA
RuvC
5 [ | | 11 3
\ /
3 N1V 5
PAM
HNH

1 CRISPR/Cas9 & [l %i # B A 1 )5 H

Cas9 5 sgRNA 45 )5, Hid 5 PAM FIrfe v Be ke et 45 i€ H P41, HNH S5 #3380 01%1 55 sgRNA o1 H #5 Fr 41 HAb
(¥) DNA %, RuvC S5 i )51 5 TLAMEEAR S ) DNA $E.

Figure 1 Principles of CRISPR/Cas9 technology in gene editing

Upon binding to sgRNA, Cas9 determines the target sequence by binding specifically to the fragment where PAM is
located, the HNH structural domain cuts the DNA strand that is complementary to the target sequence in the sgRNA,
and the RuvC structural domain cuts the DNA strand that is opposite to the complementary strand.

1.3 sEERM RS

1.3.1 Seiam Rl

JKRE H A F A E ;. KB #T 1% (Escherichia coli) DH5a; 4T # AGL1; YLCRISPR/Cas9-MH; Bsal-
HF 0= Ath 5 FH A FR 14 ) VI, 2x Phanta Flash Master Mix; DNA Polymerase; dNTPs Mix; T4 DNA
ligase buffer #1 T4 DNA ligase; Cutsmart buffer; JiUkL/NMEIAGTIE; TAE ¥ IR 44kl DNA Maker;
TE SR s BRAEREAEE. DNA [R[UiR &, DNA SRHGRAFI G, 2R B & R PE(100 pg/mL); RARER
PUE(50 pg/mL); FAETHU1E(50 pg/ml); NaCl; JBedk H ik, WekRbRr, Biis LA EE Al SLaa ARt .

1.3.2 SRS

R TAE G, BT R K, AT Rkl kG JEIRETRA, md sol; MoK e 18R
R; PCRAY, BEEMARAL, LR EFRIL; #20e; 2 mL BO0E . 1.5 mL 0. PCR .

1.4 SEROPIR

1.4.1 FERIFREA it
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B FKFEE R H 0 (https: /lwww.ricedata.cn/)H 7Rk FE SSAT FEA R H 4751 42K 2958 bp, H 2
MR AWNE FHBR(E 2). FIFEL BT H M CRISPR-GE (http:/skl.scau.edu.cn/) (& #5:E
%, 2018), HEAVITEE £ “target Design™fiudl, i #/KHE H A E NS HE R KA L KL 5-NGG-3'H]
PAM J73128Y, 7£ SSAT B [A ) CDS X &K E 20 bp MFEFFH. N 1R RAABIRELF, £
H—MHMEF RIEI CRISPR-GE T HAL H) G+C &1 60%-70%- ¥ 7E 1) i ¥4/ & (potential off-
target sites) (max score)<0.2. 53ERER 7 HIE LA Bl IE £ (pairing with sgRNA)<8 nt [11J7 51 1E ik
FEFEAL R

T1: 5-ACCGCTGGGATTCCAGGAGG-Y

oo

T2: 5-AGAGCCAGGCGATCCTGGAG-3
Exon I:' Intron Target sequence

2 SSAT B MR 2 E 5 R sgRNA 4z E &
SSAT EHEBEHANNEFM—AEF, FIH CRISPR-GE TRABIES — MM F RIEHE T WG IEM 751
Figure 2 Schematic representation of the gene structure and sgRNA target sequences of the SSA7 gene
The SSA1 gene contains two exons and one intron, and two suitable targeting sequences were selected on the first
exon according to the CRISPR-GE toolkit.

7E CRISPR-GE T Hfu4#% SSAT £ F 147 sgRNA 751, 774 UL & 1FH) sgRNA JH 11 4
(*& 1), H¥%w'5H 4 (5-ACCGCTGGGATTCCAGGAGG-3', T1)#1 6 (5-AGAGCCAGGCGATCCTG
GAG-3', T2)if HHx/3%1 GC G ik 65%, WEEMELANEEAR, HMAHIFAIAREREER 1), Bt
e SSAT B [A G 1 4L AT A
R 1 T A/KFE SSAT B sgRNA A7 15751

Table 1 Prediction of sgRNA sequences targeting the SSA71 gene in rice

FF5 H 751 (A GC (%) AR 5 (e = 2 ()
1 CTTGCAGAGCCAGGCGATCC TGG 372 - 353 65 0.053
2 CCTCGTCGTCGTCCAAATCC AGG 214 - 195 60 0.089
3 GAGGACGAGGAGACCGAGTT TGG 220 - 239 60 0.096
4 ACCGCTGGGATTCCAGGAGG CGG 167 - 148 65 0.119
5 CCAGCGCAAGTGGATCACCC AGG 420 - 439 65 0.131
6 AGAGCCAGGCGATCCTGGAG CGG 367 - 348 65 0.159
7 GCTACCGCTGGGATTCCAGG AGG 170 - 151 65 0.162
8 GGCTGTTCCAGGGAGAGGCG TGG 242 - 261 70 0.178
9 GGAAGGCAGCGTCGTTGTTG CGG 502 - 483 60 0.185
10 CTCGGGCAGCTCCTCCAGCT CGG 336 - 317 70 0.186
11 GACGCTACCGCTGGGATTCC AGG 173 - 154 65 0.194

The CRISPR-GE toolkit gives the target sequences at the first exon of the SSA7 gene in rice, that are consistent with a G+C content
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of 60%-70%, potential off-target sites (max score)<0.2.

1.4.2 1% CRISPR/Cas9 [1] SSAT J: K bRk 4

PR b %k B SR A P 4, 3N CRISPR-GE T H 1 (Ma et al., 2015)H i 47 51 % % i+ 1)
“primerDesign”#ii £k, #%£$%“Go to primerDesign-V (Vector) tool”, 5 N#EA7 541, 7E“Promoter” ik %A1
M U3/U6a JE 5T, fE“Method” % “Method 2” (Overlapping PCR %), fiii“Design”, #25 H iR
ke RO ANTF] B9 OsUB/UG 5 85, Az BOkH L H F T i & i) 5 R A e 1 S TP A1 (3R 2)

FR2 I sgRNA RiZ&M519

Table 2 Primers for constructing sgRNA expression cassette

Fre CIEZ B F51(5'-3")
1 U3-F TTCAGAggtctcTctcgACTAGTGGAATCGGCAGCAAAGG
2 OsU3T;4 CCTCCTGGAATCCCAGCGGTgccacggatcatctge
3 sgRT1 CCGCTGGGATTCCAGGAGGgttttagagctagaaat
4 U3gR-R AGCGTGggtctcGtcagGGTCCATCCACTCCAAGCTC
5 Uba-F TTCAGAggtctcTctgaCACTGGAATCGGCAGCAAAGG
6 OsU6aT, CTCCAGGATCGCCTGGCTCTCggcagccaagccagea
7 sgRT, AGAGCCAGGCGATCCTGGAGgttttagagctagaaat
8 UbagR-R AGCGTGggtctcGaccgACGCGTCCATCCACTCCAAGCTC

¥y ik &% Overlapping PCR 32, LA pUC18 ki id it (& 3), #EATHi% PCR M (&
3B). &1X U3 Jash A T1 $EAL S RIAGMMAE: 55— PCR M PCR RN 55— PCR
VL U3-F Fl OsU3T1 951#, BAS U3 JE 37511 pUC18 BRI EA A titk, &3 H U3 Jaa+, [
PR REAL 5T NB US B 1741 FiiF; 55 A PCR &M P sgRT1 Al U3gR-R 514, DL i sgRNA
FEFIi¥ pUC18 ki A MR, 41 sgRNA, FIFRPEFEAT 51N sgRNA FFFIH B, Zik, U3
BF AR T A sgRNA P31 FI# & A T1 #8627 51, BI4ril3k45 T OsU3-T1 Il T1-sgRNA
FiP=4. 5 % PCR H—4> PCR RMHYRL, 1%KL U3-F il U3gR-R 514, LA —% PCR M
RIS Al PCR P08 A A BAR HEAT 18, [ OsU3-T1 A1 T1-sgRNA 1 fli =47 #5245 LA 5 T
FE3), ¥ 1 Rt S PR MR A, 3845 OsU3-T1-sgRNA 4, IERI U3 23740 T1 #4754
RIS & . EHAE UBa R 3T/ T2 #EAL Rk G g, Hid f2 5 i — A RIA & (OsU3-T1-sgRNA) 1)
TR ITIEBON—5L, %5 PCR Y3 78 v 5 A S (14 38 51 W AOASERR BV AT, e 240 8 56 U 3R A5
OsU6a-T2-sgRNA /=4, BLEI# U6a & )7/ T2 #AL S RIE & Bﬁ/\i%ﬁéﬁﬁmmz, AN RIS
B LRSI T R TS S8 Nl Bsa 1 BEVIL 5, R e S:30 0030 e R At 4 .
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pUC18 skeleton

U3/Uba-F

b
U3/UGagR-R

B
First PCR
g Y3V6aF y3usa promoter vector skeleton —~SRT/SIRT; 3
¥ — RNA  m— >
OsU3T,/OsUBaT, 9 U3/UBagR-R
reaction 1 l reaction 2
5 3
3 5
OsU3-T1/0sU6Ba-T2 T1-sgRNA/T2-sgRNA
annealing
Second PCR
5 5
extension
Bsa |
5 3
3 ] | 5
OsU3-T1-sgRNA/OsUBa-T2-sgRNA Bs:lsz |
c Marker T1 T2
750bp
500bp
D T1

B ACCGCTGGGRTICCAGGAGGERS C
ttgtgcagatgatccgtggca gttttagagctagaaatagce

CG! Esse L GAGCCAGGCGATCCTGGAG C
CgggTtgCctggcttggctgccyg gttttagagctagaaatagc

3 Overlapping PCR @KL &
(A) pUC18 Jii ki £k & 1 Overlapping PCR /) PCR ¥ #i#%itk, AXS236FHH) pUC18 ki & & & U3/Uba Ja 8+
sgRNA F#%1; (B) Overlapping PCR i R ik & F M4 PCR; (C) % % PCR M T B HL ik 2671, T1 Jy OsU3-T1-
gRNA £k, K 599 bp; T2 y OsUBa-T2-gRNA ik &, K 728 bp; (D) FAME KA & 5k P 45 5 LT o
Figure 3 Construction of expression cassette using Overlapping PCR method
(A) The pUC18 plasmid vector was used as the PCR amplification template for the Overlapping PCR method. The
pUC18 plasmid used in this experiment was modified to contain the U3/U6a promoter and sgRNA sequence; (B) The
Overlapping PCR method to construct the expression cassette requires two rounds of PCR; (C) Electrophoretic bands
amplified by the second round of PCR reaction, T1 is OsU3-T1-gRNA expression cassette with a length of 599 bp; T2
is OsU6a-T2-gRNA expression cassette with a length of 728 bp; (D) Alignment of plasmid sequencing results from
positive Escherichia coliclones.

X EE 4 PCR Pt AT d i VKA, SR 1.5%38 fi e, PCR F=40H 3~5 pL, 6 H B 1
1724 OsU3-T1 K EEZ) M 460 bp, OsUBa-T2 K247 580 bp; S8 2 174 T1-sgRNA Fl T2-sgRNA
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K274 140 bp. [FIFE, RH 1.5%I R Ik #7585 PCR ik & (K 3). FI IR iakE
I DNA [RIORFIGRT 28 % PCR P47 R

%% PCR F=¥IRIU e G 3453 T AN ST 1 “OsU3-T1-sgRNA fi1“OsU6a-T2-sgRNA £ 15 &,
5, WCH A IiiE” s ) BB R &R 15 pL(ER 3), £ 37°CRNiFE 10 min, BE/E/EA R IIA 8 U
[’] T4 DNA ligase buffer il 20 U [] T4 DNA ligase 43| T4 & Btk R, #1714 4~ PCR #=E1H3
(37°C 2 min, 10°C 3 min, 20°C 5 min), %), 37°C 2 min. K4 T1 1 T2 FA KA 52 B Rk G ER
— A Z AR 2] pYLCRISPR/Cas9 #ifk, stk & Sk A 2E (K 4).
3 PYILE R AR R R AR £

Table 3 Single enzyme cleavage reaction system in the “cut and connect”

2y A4 TR M
CutSmart Buffer 8u
pYLCRISPR/Cas9 Jfi fi 60~80 ng
#4 PCR M M(Rik & 1. 2) 20~30 ng
Bsa |I-HF 6U
ddH:0 #h 7] 15
uL
Bsal
|
3 1 | 5
0OsU3-T1-sgRNA/OsUBa-T2-sgRNA B |

sa |
Cut and connect at the Samet/
Bsal Bsa |l ,RB
>-|-{ ccdB
pYLCRISPR/Cas9 empty vector

LB

—

4 KJE/KAE SSAT HR4iiER CRISPR/Cas9 # AR & E

Bsal RB

11 H ﬁ

4

Figure 4 Schematic diagram of constructing CRISPR/Cas9 vector for rice SSA7 gene editing.

B 5 L “SAYILE" B A KAt B DHSa, A & A RAREE 2R G IR 3T, 81 B A 37°CH;
FERTP I RIE R IR . R KA R LG, SREE R E, BEATHE PCR IGIE, K&A Hir
PCR 277 R ERI V-5 00 B 5 51— R 238 A 4 w7 (3R 4), iRk pYLCRISPR/Cas9 #iA i A i
HEAL P AIIERA (K 3)o

# 4 il CRISPR/Cas9 #ff i H 11 sgRNA #i A 1558 K1 Fr 51 4
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Table 4 The sequencing primers for testing the insertion of the target sgRNAs in CRISPR/Cas9 vectors

ElEVELYiN J751(5'-3")

SP1 CCCGACATAGATGCAATAACTTC
SP2 GCGCGGTGTCATCTATGTTACTA

1.4.3 CRISPR/Cas9 #iA I /KAHE 1% AL

HIFIAHT B R R A %, R R 247 ) CRISPR/Cas9 #iA S NEIKATE AGLT H, A 5 HI/KFGEAL
WA . KBRS L2 AP IR, RUKRR@ 0. @A, RITEIR Y. JLEIR. ki
Wy FES MACERRAE SR S, RAHE ML RER(E 5). HACPIRITN: (1) RKKHE H A
5 7ell B, 28°CHE IR TS SR EREE TR L 7eM T 28 d; (2) frEreM v ERHHAT
PRI ) /KL O L 2RI, e @ D A 2R ARG IR 3, 28°CIE I IR K A 14 7 d; (3) il 1d 7
EAEPUER LB $535 4k L35k & CRISPR/Cas9 &AM A AT, 28°CHEEEF% 1 d, B3R UF 1
RAFEE] T BN S IR T, 28°CHERS 1 h, EEIW ODeoo fHiA 0.1-0.15, L4 7 d 4RAUE TR &1
HAURNTEFRI, 90 rpm &5 30 min; (4) RALTE BT, FHICH AR T @i H g oKy, 3R
B IRt b 22°CHE R R 2R 3 d; (B) MR /KIBVEILE TR e i 4, BRRKIE S, HE el
HIURNRE EE TR 120 rpm £E55 1 h, CEAGHLNE MR, LA TR frt k£ 775 b 28°C
MR @A 4 A, (6) ek FRE IR i@ iR, FEFLRE IR I 28°CHER TR HT I i 1Y
WA 7 d; (7) FR@RRK 20 H, SRE NG, BRI UERE R, 28°CuiRIF 4 J4; (8)
Rr SV AR A S T )5, 28°C (12 h Jeki/12 h BERTFEME G 7R BREFR. MLSCIOHER 204 M H,
PRk, RAEPR EREAT /KRR, RAT R RAAILRT IR 3 MK AEALIT SER D IR, HoR A A BLER I
AT R

Callus induction

Callus subculture

Rice seeds

Seedling strengthening
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5 JKTE M LA

IKFERRAE A AT RE RIS A, RITERY. IR, futbimiL. W, UER. RSP, &
LRGP R -

Figure 5 Genetic transformation process in rice

Genetic transformation of rice includes the steps of rice callus induction, callus subculture, Agrobacterium infestation,
co-cultivation, resistance screening, pre-differentiation, differentiation and rooting, and seedling strengthening, and
ultimately obtaining transgenic plants.

1.4.4  SSAT EDNGEFRHEMSDAL o BT 408 5 R AU S

SERTER U /KRS SSAT HEDN AmISRIF L IR, WEDCIETTRA 28°C 12 h Jtli/12 h &g, SEAEM
(WT)RF B SE [ B 37 (18] 6). ARG /K R CRISPR/Cas9 # 5L vk i) SSAT He[H /& 5 ik, R
PCR ¥ #4175 NBEAT 70 75558 « B I & By /KA SSAT A FHI I Fr 51 MI(3R 5), LEHUKTE ssat
R 3 MHARE S A UIECKC BEZ) 4 em, 4 50 mg 7B, #BEPUE DNA $2EGAAGE 7%, M
WT 1 ssat fEPR(FIAL) I R R IGE 20 DNA, JFitfT PCR 73

differentiation and rooting seedling strengthening

6 WT 1 ssa1 FEARARAE T Az AR I AH: 5 1 0 2 B LE AL

Pl B s A% e A0 SR AR A3 AL i, S B SI2 948 A v 2800 DAy 2 A 1 48 0 12 3 DR A e P i B 5 e e 2% 5 AL AR AL AR
AR

Figure 6 Phenotypic comparison of WT and ssa? mutants at the differentiating rooting stage and at the seedli
ng strengthening stage

The figure displays tissue-cultured seedlings obtained after genetic transformation; however, in actual experimental
practice, the instructor provides students with seed-grown seedlings derived from homozygous mutant plants generated
through specific knockout of the target gene and preserved for teaching purposes.

R 5 KNKFEE S B R EE 517

Table 5 The sequencing primers for detection of SSAT gene in rice plants

Elk /BN FP3I(5'-3")

SSA1-CXF  GATAGAGGAGCGACAAGGCTT

SSA1-CXR  TGCATGTTTAGTGGGGATGC

Based on the sequence of the target gene, this primer pair was designed and synthesized for PCR amplification of the editing site

sequence of the SSA7 gene.
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I 5 YLPCR WM 1.5%Br lE kB A7 sk A, &F H &) PCR FEGh R =AY A Bl AT
Sanger I FF MR 22 7135 [ (R 45 5, /£ DNAMAN FE 1 ELS Bt ot 4% ssa 1 vk 45 51 5 WT
SR B BEAT LLXS, 48T ssat MR R AE BB R AR KA 7). W, £ ssat-1 RAMKFMER| T1 5
H_E LA BRI AR R R, 1E ssa1-2 RARRH SR T2 741 B3 C ik i) Az RGN, X
PRSI 3 SSAT FEDUR AL T RAR, BRI Dfg k.

A GGAIGG AGGGG TGGAG TGG A|CIG
A
A ) /V\ﬂ /\/\ N\/\f\ [\
|\ ,xL.\ \ ) ’l A
SSA1-T1 ssail-1 SSAT-T2 ssaf-2
SSA1-T1: ACCGCTGGGATTCCAGGAGG CGG SSA1-T2: AGAGCCAGGCGATCCTGGA - G CGG
ssat-1: ACCGCTGGGATTCCAGG -GG CGG A deletion ssat-2: AGAGCCAGGCGATCCTGGACG CGG  Cinsertion

B 7 JKFE SSAT PR b I FL ) P

ssat-1 19 T1 EHIL T A (BRUERS) ML IREVR, ssat-2 [f) T2 EHIL T “CHumEneE ) i) AL BRI -

Figure 7 The target sequencing of the SSA7 gene knockout in rice

A single nucleotide deletion of “A (adenine)” on targeting sequence 1 was observed in ssa7-1 and a single nucleotide

insertion of “C (cytosine)” on targeting sequence 2 was observed in ssa?-2.
2 etk

SR B VAR A S BRERfEAR S A I T 2, S TR 3L 20 AN AN ISR 2 1A N TN, 45
H 3-5 N\, BRHMILHEATIRE, ANPAEGE D TE1E, LRITERSEEARS . R fEd, 2Ry
Az 5E 1) BT F AR ANBY Be ) 523 45 R, ZR0TAR A S5 B0 i R 22 AR VARG DL AT F S AR . SRS,
BORVUNE A BT AT ICARAN S, A2 AR TR B S S0 A, 405 H O S8 ORI AR

2.1 % 1 JH CRISPR/Cas9 i A i #f1) g L 07 41 i e, FIH Overlapping PCR 247 3k &1
% (4 1)

211 RATHER

i BT S, BAESFAMRAT H E A CRISPR/Cas9 Hi A IAHIE ik, LR HIEAFH 5Kk R %,
¥]#5 7 f## Overlapping PCR 2:44) i ik S i SR 56 20 1%

212 fEHF

o, BT SRR H BRI I%, FIF 3 jH# CRISPR/Cas9 A J5# 5 Overlapping PCR %14
RIS, SRS R R E R I, Hx CRISPR-GE T HEAM M 77445 min); &
Ja, BORZAEEI SSAT HEFH, JARMEAKFE SSAT JEH P45 BATIRBUZEE R LTS, FikA4
F1 Sk o AR B 7 51 (PR, JLRIER BT S RN 53741, AE 7 Overlapping PCR ¥2: T 75 B AH B 5|
Y145 min);, ZJ5, ¥ O AT S Pt teh S A, AR SLI0 D A E AT R 8 sgRNA KA &
P PCR S46(90 min), &4 22 BERIF A5 5 PCR R BL=“JET-20°CHRAF LAME R 15 R fE
.
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21.3 HEMES
SR\ FUBE R 2SR, WA R B 7E Overlapping PCR A& R AARVER o« #UMifiel 244
PALKRE WT FhrHl ssal &R HFT, SHAAATHIIRN . MEMEHE, ZORBARMREAR
SEI ML IR A, A IR RS AaE, DAORIE/K BRI IER A K.
2.2 552 i SSAT HEDHI IR bR E A £ (4 Z=0T)
221 AT
BAE% 45 2] Overlapping PCR VAR EFIA G YR, 25 [ BOR I = KA B8 5 A SO0 e B V20 B AN
T, S0 R P R R I
222 REHF
ST A A R VR 2E 2T 1) Overlapping PCR V@ RIA G IR, AN LURE RIS 4
PCR [ S = Wy AT e F VK B0 UE (45 min); X 2% IEHf ) S BP0 AT SR [T, R P “3 DI sde v
sgRNA ik &5 CRISPR/Cas9 75 # /A% (45 min), T EEVIEEES R AR, e i s s
R, BUMAFEAESEATHE S PR RN SSAT BERIREME, A KIAAT I DHSa J&S2 2541
K iR N, FEIE -RIRE RN LB BARE 7R EE IR HEA N OKTE SSAT HEDR iR # A 1t K
FFE (90 min), 58U 37°CHE 77
223 REMES
PR B IRAS I B V) BESE 7 WD VK FE-20°CZ 0/ A7 REALIRACR A 20 1 5 85 5% J 1 B 1 o
AR P HREOR /NG BB RO KA RIS VR T R T PCR, Xt & H
PR BB T, & A ROV R PR SR BT M RIRE 1S, I 3 5 M BN 4°COR AT [
I, R IRARF A G FRAGIBAT 1B 0L 5 KA A KA
2.3 5 3 AR H RN CRISPR/Cas9 gl Bk NAFF 1 LA KHE & 1 4L 24k AR5 77 (4 22 )
231 RATHER
B IMES, BRI RRNEH RN B 5K R AL F A S D 3R, AR IRARIRAT 1 d Hi
SR D P 12 R 2 R AT R A RO S
232 fHEHF
TG, BT VRGN AR R R A AR TR 0 SR S SR IR VRS, E I B WA gl i 2 T R K R 8 A
I SERS R, UHESRTR KRS SSAT B H Rk 1 SEIONLEE(45 min); SRS, A5 Al v 4 (1 kLN i
WG 5 SR 25 KRG A AL SR o R A S 28 A, 2R e HR R 4 1 B SR AR 885 1 K P 1 1
WPARBURRL, B REEIE BB A N AT B AGLT o, RS AFF i B 3R, S A 40K R s
AR BRI TR b, fERIBRE R P B 28°CHERE IR, TEEON A 4L Sk AT 18 e b
(120 min); ZJ&, H¥EALE AR B 04, IR & A SiPER LB 1577 (15 min), ¥4 5 28°CIERE 77
KA, SRREEK .
233 REMTES
RIFFEK G, BAIRMRERIGE S B AR B FAR E KBS, TR PCR S5 HIKIRIE, X4 H
B Sk IR B DR VR BEAT VR AR OR B R AL OC R IR A T R AR AR KA A A 0 A AR AR 77 1 AR K
24 B4 FREEIOKREE OIS HT IR IR (4 240
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241 RETHES

LIRS EARTR IR 48 WK 58 H bR FURLIAR A A AT B8 BRI AT e 75 2 A LB (R IS8 R AN FIAR )
I R PR L, 28°CHHI B 1 37

242 BHEHE

FOM VAN VR KRR AT B 2 e 5 LB 7RI B AR S B0 0 0%, 48 5 2R (U S 30 A i 46 AR, SR sLEe
MR R RO, 2% A R B R R P AR LA H PR AT B R P BV A 15 R MR 98 B, EBR 20 min %
ODeoo B #E4T — I E, % ODeoo 15 0.1-0.15 (90 min); 2 JE 4483t — I 4k AR HE 55 A RS L 2 U
ONIE A S AR T B8 B P AT B AR G (45 min), A2 5 58 S B HE B A2V T TC R R AR R A 1 4
WA PR, 8 TR 0 AR U R B SRS IR 85 97 36 (45 min), FERE 58 G 3 BDOBIREE 7R 22°C
HEATHERE R

243 WEMS

FEANLIRACEI A IR T 5 g kR L SUE K i, 63895 3 d e g st 44 K
RS

2.5 55 AR R IR T RAEE, LIS SEITIRE S0

251 IRATHES

FUMFLHT S DNA SEEURINA A G KK AR bk SSAT HER H (P51 514 PCR 14 55 40 b4
RS B, I I YR A TE S0 e R o I % o) 0 S e, R LRSS, iR AL Bt
WHTIMHER, ARSI ARYN WT kS SSAT LRI W mi bk /K Fa ik SE R AR, RN, ARdLmfE—
U FFICR A EE ¥ PPT, DME7E RS b R R A4 SEAR L (1 S 06 R 2 S8 2%

252 fEH¥

HOMALEZ AR AL Y ssat A WT HMHETo 5, A2 AR ALY DNA 42 BUA57 & 5 PCR #7144
SIMI. A5 E DNA BT S2I6 0 BANTEHEE, FH ssat ARk /7 $2H DNA (90 min). SHZEL DNA
BEAT PCR Y™, 4356 UG B 3-5 pL B R HE LR s vk SR I IR 20 B, #OTIE RS BEAT H8 5 R0 VPAN
7E PCR R NHIR], UMM EMEE ssat RIIERD, 46 O m 2R EE PG T B, Jritie
B G LN AR R I R R . SR5, A8 PPT BRI i, JFikiT Bas 50 =, 25
G2 AT U B A AE S0 R B B ) & e, B R T75(90 min).

253 WEMTES

FOMBE R Y AT I 5 2% v A B B BISMRIAR PCR F=MFE & i A R, JRe A m] R [E
(I 7 45 oy R4 3541, S AR L o i A W1R [T 1 ssa T fEE H 1) DNA F Bl 45 1 5 WT JZE 7
BRI, A ssat MR IIIREE SR HAY A LB AR A L I0 1 FR R A TS, 4554
Brecat b B, BeS — M PEAH K LIRS o SLIR RS 2 R FEFI ] CRISPR/Cas9 HiAR k13 /KHg ssat K
AR R R AR S G T FER () BRI, S I R A S 5 R )V AT [ VRIS, DA SIS £ R T S s
I, & 5 SCIGHAR AT 0 b, VPAG AL SEIR 25 TS T R G B, PR T B I 15 22 R A ek
Ji

3 #HeEIr
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AR EIEN A I IS R . T7ik, SRR A T . ORI AR A R, i
I SR R T Bt A, kAR RE A A R (MR R i 5%, 2022) . ASEIRH R L AR PEVE
(50 70 )M B8 AR 75 B ET(50 73 )iX 2 J5 ARG, & X 24 2R 22 S I Lt AT VE oY, B2 100 70 (3R 6). i fefk
PP R E G RGCRIL, SCIR B R AR DL G S A5 AR 00, Herp iR SR 1 AR
BGOSR SRR RS T IREAT VRS, JETT 10 20, SER RNV L BRI 4 R A
HISEIR R AT & EOR U RRAE). Bdmid 2 T, SCRRER MM, 2RETIER
FHIEE, It 20 70, URJE SEIRAE R 2 EE S AN T i R R B LA R R S5 RE T, R B RE ST
MRIESRIRAIR . bl IR ATRHHAT IR, St 20 7, SRR ST, B EAERE RS e R
PE BNEMESE, 3t 50 2o SRAREAREMEVEI T3, B T HORIESCIR A R R E LI RR, 2 irlis
AEAESEIR TN A DT TR IL, EAL A AR SR R P R B ERTE . B4 AT MAE PR RE Sy, (e
BRI TP AN S H S, RIMGRE R

R 6 LI RN R

Table 6 Experimental teaching process assessment form

I PR P4
R B, AR ) AR, ARSI S R Ak )
Py A7 B AR S R B .
) B SREE, RO ) SRR, KIS S RS
(10 4) Yot B — TR, LR R RR. e
BN SR B, ZOBRIE T AR AL, S LB R A )
S 2R LR A 2 R A o
AT S B PR PR MO T S8, PR S0 )
B R 18207
SRR KA SR A TR, 15 BB M08 MO E T A
(20 73) By CERETOUE Y AT s
SR IER I, 5B I0 5 RA (ERAET A R BB i A7 )
SR SR 2 R R 118
TR B, SHA, ARSI, 7 s gk )
(I L RS LS B i R SR 00 120
WEsssEmy g IDIRNEBOTEM, &0 ARRE AR, X s fEA — e H
20 %) AT P RO B M W, A RRERO5 764 1T
TR BRI, SCU T FEIARRLN, SO AN A0, LR
ot R LS 2 1013
W A, BRI AR, T AR, B T B,
S 45 46-50 4

i AR E .
(50 41)
W NBEBNTEE, AR AR, MARATGEK, Bk 36457
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RE SR MSLIE R, A i F R e B R

Wt A SRR, TPAER RN, i 5 RO, AR, i
25-35 41
AR, SR AN RAT AL B A )

4 SIS A BT

4.1 SRR AERR TSR 5] B 4E

FUTIEE #H# CRISPR/Cas9 R, 5| 3£t AiE i sgRNA, JFkFEa &3k R4, (6
A A THI B R B DR w1 B AR R H B, 76 PCR SEIG b, #UMide S22 A4 BAR OG0 IR R S8t
TEEFI, B AL T IRN S B R ThRE . S e IR DAL e e K PR £ 2
KA, IR 7 HEAIVE B YA ) ke A0, seAb, B R KSR I I AE, ARG T A R
JBYE; BOMIE SR o W S R R R, $8 5 AR PR T s 1 BB %, UK T AT TR R 2 AT 7T
PR,

4.2 SEFREL BB AR RSB R AL fE

FEAEMmPEEEAE T, iR SRR REE SN AENGRE R HRE0E T Rkt WdXAZS
RN R sLLe, AR R MR Y CRISPR/Cas9 S5 R A FAL Jy BAR I SLI0#1F, AL . Fah
SCIG R I DR BR AR 2 . DNA $2HL. PCR 918 AT B ALK it A e b 5, AU Bh 24
RN S 88 R, e 7 HEh TRe 0, RS iR, A ST I is FH S & s FHoR,
SR TGS SR8 P (KPR AN, B SR T B S AR D R RE AT, ATTER T T R EOR A SR ER AR 1 4R
DS

4.3  FEFRAEREMER AR A S R RE

RS s Sl RE T, EAEE A TEERMALE e, R ERSERARS, B RKIERIAMES . 4N
EAVEAURAL L B RO S BERAT SEIRAT 5%, BB TR 1 A0 RIS 3 ROK ] RIS (R B AR RE ) o dlad /)
HRRARIAZ S, HERBIRAM AL, RS GET, s, AR, 327t
HIBNEESR 7 AUt 1225 2 [ (AR SR S 3R R, I AT AR R B 2 R T A S VR 3R E 17 S
BRALA, W IRTT TGRS R S AT

5 Wig

CRISPR/Cas9 HiA M #. misk. Hem i, Rty RNAma 2 TR, kRS E R HE L
RRE R, REX R RTVE BRI R 2 5250 R, B I St — AR QDR SE B T — IR I 45 5 S
WH, SRR Ll aeieTt. BRI RN SRR IR RE B KR L. AR
TSGR AR DR RVE AR TS E (g A sz ) WREE P b —ANgp &1 see, JFIR
SHINEE 7 %W, BE g i, SHEEMCIBIREAR (CEMNEER) o (O FEY
SIS . (AIRTRESLR) o CEYEYESLR) %, ARSI KA d 55T PCR, 3
FEEEE R IR SR A, SEaR L2 HE 20 20, 43 5 A SER, BB R B 1 (LR B R ),
TEIEW B2, R —MHl 4 N3RS, BT 4 A 45 min, RN o [E]#5 2% 22 R R 3l e 1)
TEHEAT L PRSI B2 RGBT, F/7(8:00-12:00)% T /1-(2:00-6:00) /& 56 % Fl T 52503 2 (1), FER 4045 4 4

© 0000 Chinese Bulletin of Botany



45 min, WA PIHHHE R 45 min — &G — RN E, A8 SCHTITHSREe 4 I TE 2023 4E A1 2024 4
AR 1 %8, FAEMZUMERRE S 56 % USRI B E AR UG ), UK REF, & LB bR A
UGS W N TS RN G A A 2 . TRRI ), e S I, HEAT AN B BERR, R
BEECE AT . ANURFRAE AT SEI BT I UK AE 2R R B 42 B SSAT AR AR &, 1% A
(Il S AR KA PR B IR RR 4K, DR 2 T A T 00 M AR R 00 5% 56 TR A8 5 3 R Bl 2 1A FAO Bk R AR (LA R
Heaiho [FIE, BT AR RRIEAT A 1ER, RARK S 4-5 M 2EESUE, LR b A
AT RAB KR 1 %5 8 BT FH I P72 R SSAT FEIRI 2 & SRR HEAT Pl BRI SRAT 00, J4 &5 S REAR 1
RAF T RIEA 50 1, BN Ks (FTRE ) 2 FhAS R RAR 7 R AR5 224, DUIER A X 2 il
RAF G — PRI BN LG FR (B, ) 20 TR 5 A 7 JE AT R S S0 W v B P 8 S B o o P 453 11 6
R R H =AY DUk 2 A s i R A B AN 32 88 . f5 B Overlapping 15T RIA S ERT, H—%
PCR H P~ PCR S S35 1=K 5 43 5124 580 bp (U3/U6a Jii 37 )1 140 bp (sgRNA), AL
FOMALE AT SIS PR SE I B R L, IX AN PCR OB~ K FERHE, B4R, i se e
To R BEAT BRI ro P A, WA PR B A T8 R PCR Y, A0t 5 S gais o, & Bl
ARSIl . AV TSI LE R PR RVE HEAT RAF AL, AR TR R UM SEBR 08, R M TR TR
AGLT ¥ AR ik 90%LA b, X0 B By AT RTINS R T AT B %% PCR ML FRIT, &Pk alk
8 S B FH 1R AT R R P 2R S5 I U %D TR . I Vv BT B S Bt 2 AR AT 5] SR BT A A
BBy, SGSR AR U bR i R A 08 R, AR IR B A Z U R E A BN RE T

Y TR

AFY: SESER . T BRI R RO A, BN T, O K, B BITCEAR
LR, RIS MBS

e B8N

REE, X, =8, BALE, BAE (2022). AW 20eE il B IV e 5 B . A dr i 42(09),
1781-1787

fBeEs, XIS, DA%, BRirE (2022). T CRISPR/Cas9 1)H: K gn i B AW 70t g S L AEREh IR, 4R
57, 508-531.

WE, T, A&, TT, F, FH, KEX, £FEF (2023). #Hi1LHE CRISPR/Cas9 K K% 44 & (K7
W24 58, 905-916.
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Experimental Teaching Design for Gene Editing in Rice Breeding

by CRISPR/Cas9 Technology

Ruotong LU, Yunxia Kou, Yujia Xiao, Pengfei Ai’, Yanwei Wang’

College of Food Science and Biology, Hebei University of Science and Technology, Shijiazhuang 050018, China
Abstract CRISPR/Cas9 technology, as an efficient genome editing tool, has gained increasingly
widespread application in the life sciences. Incorporating this technology into university experimental
teaching enables students to deepen their understanding of cutting-edge research advances while
enhancing their innovative research capabilities and practical skills. In this paper, we have designed
an innovative teaching experiment, “Using CRISPR/Cas9 technology to study the effect of knocking
out rice SSA1(seedling stage albino1)gene on phenotype”. This experiment helps students to deepen
their understanding of the principles and experimental procedures of CRISPR/Cas9 technology and to
recognize the important role played by theSSA17 gene in rice growth and development. At the same
time, the experiment can improve students' ability of experimental operation and rigorous scientific
research thinking, and cultivate students' exploratory skills and innovative spirit.

Key words CRISPR/Cas9, gene editing, rice, experimental instructional design
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