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Experimental teaching design of CRISPR/Cas9 technology in
rice breeding application

LIU Yaping, MA Bojun, CHEN Xifeng*

National Experimental Teaching Demonstration Center of Biology, College of Life Sciences, Zhejiang Normal
University, Jinhua 321004, Zhejiang, China

Abstract: The CRISPR/Cas9 gene editing technology has proven to be valuable in crop
breeding applications. Understanding and mastering this technology will provide a strong
foundation for students majoring in biology, agronomy, and related fields to engage in scientific
research and work. To incorporate CRISPR/Cas9 technology into experimental teaching courses
at colleges, an innovative teaching experiment entitled “Enhancing the resistance of rice plants
to bacterial blight disease using CRISPR/Cas9 technology” was designed. The experiment
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allows students to deepen their understanding of the basic principles of CRISPR/Cas technology,
acquire proficiency in its protocol, and learn to apply the technology for targeted molecular
breeding of rice. It not only expands students’ knowledge and skills, but also promotes the
reform and innovation of experimental teaching methods.

Keywords: CRISPR/Cas9; gene editing technology; rice breeding; experimental teaching design
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Principles of CRISPR/Cas9 technology in gene editing. sgRNA: Single guide RNA; PAM:

Protospacer adjacent motif; NHEJ: Non-homologous end joining.
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Figure 2 Schematic diagram of the gene structure and location of the targeting sgRNA of OSSWEET11

gene.
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Table 1

The sequences of predicted sgRNA targeting to the OSSWEET11 gene in rice

% sgRNA JF4l+PAM i E G+C i TRAE IR AL B (e K AH)
No. sgRNA sequence+PAM Position (bp)  G+C content (%) Potential off-target sites (max score)
1 CCGAGGAACTTGACCTGGTGGGG 1 554-1 535 60 0.103

2 GAACTTGACCTGGTGGGGCTTGG 1 549-1 530 60 0.110

3 GCTGTGGATCTTCTACGCGCTGG 1321-1 340 60 0.131

4 CGCTGGTGAAGACCAACTCGAGG 1338-1357 60 0.165

5 GCCGAGGAACTTGACCTGGTGGG 1 555-1 536 60 0.218

6 ACCATCAACGCCTTCGGCTGCGG 1370-1 389 60 0.225

7 CGTAGGGGTCCTTGGTGAAGAGG 1 818-1799 60 0.250

8 CTGCTACGGCCTCTTCACCAAGG 1 787-1 806 60 0.258

9 CTGCTGACCATCAACGCCTTCGG 1364-1383 55 0.262

10 GCGTCGAGTTCATGCCGATCGGG 1 726-1 745 60 0.270

11 GCCGTCGCGTGGTTCTGCTACGG 1773-1792 65 0.274

12 CCCCACCAGGTCAAGTTCCTCGG 1 532-1 551 60 0.292

13 ACTTGACCTGGTGGGGCTTGGGG 1 547-1 528 60 0.332

14 ACAAGAAGAAGTCGACGGGAGGG 1257-1276 50 0.341

15 GAGGTAGAGGACGATGTAGGCGG 1 423-1 404 55 0.350

16 TGCCGAGGAACTTGACCTGGTGG 1 556-1 537 60 0.357

17 CGGCATGAACTCGACGCTCTTGG 1742-1 723 60 0.421

18 GACGAGGTAGAGGACGATGTAGG 1 426-1 407 55 0.431

19 TTGCAGGGCGACGTTCTTGCAGG 1231-1250 60 0.454

20 TACAAGAAGAAGTCGACGGGAGG 1256-1275 50 0.675

21 AACTTGACCTGGTGGGGCTTGGG 1 548-1 529 55 0.700

22 GACGTCGAGGAGGAGGAAGAAGG 1 483-1 464 60 0.710

23 GAGGAGGAGGAAGAAGGCGAGGG 1477-1 458 60 0.722

24 GACGAAGACGGCCATGGAGAAGG 1591-1572 60 1.000

&: 010-64807509 B<: cjb@im.ac.cn
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WU SE R TR 75 A7 IR AR I HOR A |) AL AR
) sgRNA Jp a0 HE47 00 7 560k, W F 514 R
5'-CCCAGTCACGACGTT GTAAA-3' (& 3B).
R A, 16 U6 B TFRmiiA T
OSSWEET11 & K ] 45 1) sgRNA J751] (K] 3B).
1.4.3 CRISPR/Cas9 #HIKRIKFEERFI L

¥ 1.4.2 HEERY CRISPR/Cas9 Fif#k 4,

W R AT B (A tumefaciens) /i 5 1 A4 5 Ak
FI) 55 8% 1 e K R AL R AR 11 Hr, SRAS AR
IR R SERAE AR . LA SR B KRR s =

RAFEEIRY . DUPER O vE FRE bR AR 5, st
R AR R T AR B, FERTRZy 3-5 1~
J T WAL, A LR 3 R B
R, ERRBEWE 4 R,
1.4.4 HEFEH OsSSWEET11 EF 4miE48 5
B FEE

PERTAEAT KRS OSSWEETIL 4 [H 4 4R 1Y
REILDRIRE AR, O DA PR 1 R AN () 2R 0 %) o 4
Ftk(E 5A), 5EFERINT IR RIE 11 —id2, R
B K R 52 r A B i N, E N TR
#(28 °C;12 h JGHR/12 h BRKE) S vEFT /K 85 .
[FEE, AR B R F 5, $ERTE TG

A ve6kish 1 R AL

Hygromycin R

U6 promoter

TR RUIESEA

LB: T-DNAZE1 5 (left border of T-DNA) ’ RB: T-DNA#5 i1 (right border of T-DNA)

B P51
Sequencing primer
CCCAGTCACGACGTTGTAAAACGACGGCCAGTGCCAAGCTTGGATCATGAACCAACGGCCTGGCTGTATTTG

U6JA 3+

GTGGTTGTGTAGGGAGATGGGGAGAAGAAAAGCCCGATTCTCTTCGCTGTGATGGGCTGGATGCATGCGGGG
U6 promoter

GAGCGGGAGGCCCAAGTACGTGCACGGTGAGCGGCCCACAGGGCGAGTGTGAGCGCGAGAGGCGGGAGGAA

CAGTTTAGTACCACATTGCCCAGCTAACTCGAACGCGACCAACTTATAAACCCGCGCGCTGTCGCTTGTGTG

GCCGTCGCGTGGTTCTGCTATTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAA
SgRNA of OsSWEET!1

3 7K#E OsSWEET11 EFE #4EHYT CRISPR/Cas9 IR LEHME S sgRNA L milFZER  A: CRISPR/Cas9
KRR, T-DNA {25 i U6 Ji 37 H Cas9 BKSHY sgRNA, LUK I T7E K R e Al vh ik 5 1 39 2 K 40
PEEEIN, IR % R HUIEFE DR R AT 8 T 80 JBORE A2 Tl I A9 1645 B: CRISPR/Cas9 M it I 45
FAHA T H sgRNA, 5597 (68 ) F T %l AR sgRNAZLE)FEATI ), U6 Ja 31 (& )2k A
IO e SN

Figure 3 Schematic diagram of CRISPR/Cas9 vector and sequencing result of sgRNA site for OSSWEET11
gene editing in rice. A: Structure of CRISPR/Cas9 vector. The T-DNA contains the sgRNA driven by the U6
promoter and the Cas9 gene, and the hygromycin resistance gene for selection in rice transformation. The
kanamycin resistance gene is used for selection in E. coli when the replication of vector plasmid. B: The
sequencing result of CRISPR/Cas9 vector inserted the interest sgRNA, the sequencing primer (yellow) was

used for sequencing the sgRNA inserted (red), and U6 promoter (green) was a constitutive expression
promoter from rice.
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Figure 4 Technical flow of rice genetic transformation mediated by Agrobacterium tumefaciens.
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Figure 5 Editing target sequencing and bacterial-blight resistance phenotype of the OSSWEET11 knockout
rice plants. A: Sequencing results of CRISPR/Cas9 target site in OSSWEET11 gene from different knockout
lines (KO-1, KO-2 and KO-3). B: Pictures of leaves inoculated by Xoo strain PX099. C: Lesion-length
measurement of the leaves inoculated after 10 days. WT refers to the rice wild-type variety Zhonghua 11.
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Table 2 Teaching content and schedule of the experimental courses

SRS SN B LR

BOMMHee S e es TR

AT R SE AT 5

Weeks and Schedule Teaching and preparation of teacher Tasks for students to finish
experimental

content

551 PRAGMES WK CRISPR/Cas9 At & T f#% CRISPR/Cas9 F{A fFEA S5 HE A
CRISPR/Cas9 Pre-class Purchase of the CRISPR/Cas9 vector kit i

HFARJFI#  preparation 5 OSSWEET11 K:[H 1 sgRNA J¥515 4 Understanding of the basic principle and
5 B 4 Synthesis of the primers sgRNA of OSSWEET11 gene process of CRISPR/Cas9 technology
B 2 MATHA R T T 236 B s 910 5 e o FEVRRER AT B AL I I G
First week Preparation of the reagents and equipment required for ~ #2{E

Instruction of the vector transformation of E. coli Mastering of the standard method and
the principle of sterile operation of E. coli transformation
CRISPR/Cas9  PREH=~  Yifif CRISPR/Cas9 IIH ARSI Ik . AKRFEAHAE  HEf% CRISPR/Cas9 YA S5 5 i
technology and (3 2%H}) 975 S OSSWEET11 K AH 5 J5 B Understanding of the technical principle
construct the Teaching in Explanation of the technical principle and method of and method of CRISPR/Cas9

vector for target
gene editing

552 A
CRISPR/Cas9
BRAREE LR K
R AR R
YA PCR
Ei

class (three
classes)

WEES
After-class
tasks

PRATHER
Pre-class

preparation

CRISPR/Cas9, as well as the principles related to
Xanthomonas oryzae pv. oryzae and OSSVEET11 gene

T U345 OSSWEET11 3:[K 731 & CRISPR-GE .

F 81 HORT SRR A AR A i

Instruction on how to obtain the OSSWEET11 gene
sequence and the use of CRISPR-GE and sequence
comparison software

XF2EA BT sgRNA 5 T IF 0 i BrefE I 58
Evaluation of the sgRNA designed by students and
determine the best solution

Rt sgRNA 5|4, CRISPR/Cas9 #Ai{7] &

Supply of sgRNA primers and CRISPR/Cas9 vector kits

BRZ M PP AL BOR AT, 72 LR DU P A
Contact with the sequencing biotechnology company
and delivery of the students’ sequencing samples
WA G FPEs 2R, I R e XN 2 A
Receival of the sequencing results from the company
and forwarding them to the corresponding students

R4k A OSSWEETL1 HE[H f) CRISPR/Cas9 A
B, IR A RO B B 7R 2 35 )
Obtainment of CRISPR/Cas9 knockout plants of the
OSSWEET11 gene in rice and culture together with the
wild type until the 3—5 leaf stage

WSR3 DNA SEEGRINAR) &

Purchase of a rapid plant DNA extraction and detection kit

%42 CRISPR-GE . J741l XA AR (1)
UOEWIRFS

Mastering of the protocol of CRISPR-GE
and sequence alignment software

1E OSSWEET11 S 1M 4l X 1511
sgRNA 73]

Design of sgRNA sequences in the
coding region of OSSWEET11 gene
MR G UL, SE sgRNA 5k
B

Completion of the connection between
sgRNA and the vector according to the
instructions of the reagent kit

N BT B BB A R AT T
Transformation of the connected vector
plasmid into E. coli

PRI e T T, B DI A
Selection of monoclonal colonies and
determine sequencing samples

X P S5 SR T A A A
J2h

Analysis of the sequencing results and
the positive vectors

Y2 PCR BAEHAR S T 4
Mastering of the instructions of PCR
ERBUSEEER A A . Ak, BE
WG ZR G 5%

Mastering of the methods of preparation
of agarose gel, electrophoresis, and gel
imaging system

&: 010-64807509
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L% 2)

JECSG RN B HE

O S TR

AR O S

Weeks and Schedule Teaching and preparation of teacher Tasks for students to finish
experimental
content
Second week 7B OSSWEET1L N7 A3 45 1 PCR 514
Obtainment of Synthesis of PCR primers for amplification of
CRISPR/Cas9 OSSWEET11 gene target sites
vector transgenic £ DNA #2850, PCR M HLIKPT TS BRI 51565
rice and perform Preparation of the reagents and equipment required for
PCR amplification DNA extraction, PCR, and electrophoresis
on its editing PRAEHE MR CRISPR/Cas9 #iiAis 5 AL it 72 H AR /KFG CRISPR/Cas9 Zh i L5454k
targets (3 1) Demonstration of the process of CRISPR/Cas9 vector A
Teaching in genetic transformation using courseware Mastering of the process of CRISPR/Cas9
class (three HEfit OsSSWEET11 J:[A 1Y s B e Ak vector genetic transformation in rice
classes) Supply of OSSWEET11 gene knockout plants FIF R DNA $2Hk A7 S f
FRAUEFEAT A PCR 5197 5 P DNA $RBUS IR & KRR DNA | BCH| PCR S 4
Supply of PCR primers of target sites and rapid DNA R NFETFETT
extraction an detection kits Extraction of DNA from rice plants
W B AR AR AR R B, IR T using a rapid DNA extraction and
Listening to students’ reports on vector sequencing and  detection kit, setting up a PCR reaction
evaluation system, and running a program
AR PP 45 R4S A A Y
T
Reporting the construction of each
vector based on the sequencing results
RS AR kSR, B R A A I 2ok PCR W) HL KA , - 2 00 1 R i
After-class  Analysis of student electrophoresis results and the Detection of PCR products by
tasks sequencing results electrophoresis and preparation of
R T B EE B AT, B A TR S sequencing samples
Contact with the sequencing biotechnology company TR RMRZE R TPH X 434
and delivery of the students’ sequencing samples Sequence alignment analysis of test
FEWCA R FFEE R, FF5e R AR results with the software
Receival of the sequencing results from the company GRS B MKREARL, SRRIER K
and forward them to the corresponding students Management of their respective rice
materials and maintaining normal growth
%3 URATHES TSR TR TR RR S T # e Y TR B TR Rl A 4 125 K

JKAH OSSWEET11 Pre-class
FER G BAERRR)  preparation
RS

I - Fe R

Third week

Analysis of the

mutation types of

rice OSSWEET11

Activation of X00 and preparation of the bacterial
suspension for inoculation

e A TG B B ) 51

Preparation of scissors and test tubes required for

inoculation

AEAE

Understanding of the inoculation method
and characteristic of bacterial blight

K PCR 717 14 L IR RIS P2 2R 1l 112 ol
PPT

Reporting the electrophoresis and
sequencing results of PCR products
with slide

http://journals.im.ac.cn/cjben
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L% 2)

BN S s AR

Teaching and preparation of teacher

P S IATSS

Tasks for students to finish

JABCS SR R LA

Weeks and Schedule

experimental

content

gene edited plants {HHE [ F

and inoculation (3 2&HY)

of Xoo Teaching in
class (three
classes)
WRIES
After-class
tasks

%4 PRATIER

7K F§ OSSWEET11 Pre-class
FERI S HIRER)  preparation
PRl b %

E 5 RN

Fourth week

Reports on

characterization of

PREHY
(3 %)
Teaching in

the resistance of

rice OSSWEET11
gene edited plants
to bacterial blight class (three

classes)

WEES
After-class

tasks

WA AR AR AR I P 285 2R, IR 4R T30
Listening to students’ reports on the sequencing results
of target sites and evaluation

1655 A BT B A A 2RI, A TR A AR
Instruction and clarification of the mutation type of the
target gene and the knockout plant

PR R T RO . HURRBLR SE Tk
Explanation of the inoculation methods of X00 and
identification methods of disease resistance phenotypes
FEBEE ARG RS, TR R MK AR R
Supply of suspension of X00 and guide students to
inoculate rice materials

MR G KT OL, T8 gl %
Observation of the incidence of infection after

inoculation and instructions

AU AR I EE AT PPT S45TLAR
Organization of students to conduct a PPT for summary
report on the experimental results

WA A AR TE S R B B R ), JF AR 2R
Collection and categorization the problems encountered

by students during the experiment

HLUEA LN PPT B BSR4 T
Students’ report with slide and evaluation by teachers
TP RS HE S A g, sl — L8] Sk n i
g A e

Answering the questions and discussion with the

heuristic method

LEE RN SRR AR, 4 T SR ST
Grading the students based on the process evaluation

and experimental report

IR RAFRR B AL A ) PCR 45
Reporting the PCR sequencing results
of edited plant target sites

118 OSSWEET1L B [H] {1 5 8 A 1Y
Discussion of the mutation types of the
OSSWEET11 gene

XF4% A BIKRERARHEERR 1A R
Inoculation of their respective rice

materials with X00

EBLERI S BKREREE, AHERD 5 d
J5 . WSS A AN DL, TR
I ERERIC SR

Management of the rice materials after
inoculation, observation of the disease
incidence of the edited plants from

5 days after inoculation, and keeping
tracking records

FERh 10 d ), BOERp I R A kil
GRS AR
ot

After 10 days of inoculation, taking
photos of the inoculated leaves and
measuring the length of the disease
spots to identify the disease resistance
of the edited plants

SRR SRR A AR
45

Summary and reporting the progress

and final results of each experimental

stage
PR SEEE B Y ()8, AH EL R SCTR
e

Discussion of the problems encountered
in the experiment with each other

B AR S SR

Each student writes an experimental

report

&: 010-64807509
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WA FRILA T ST Y KB R d), RIEHF
AR L FIEATINF (34 d), FFdEE
B 25 0L, 0 AR SR T
2.2 % 2 & CRISPR/Cas9 #{K&EE E Kk
RS R 4B S PCR ¥ 15

PRATHERS . BUWT IR KRS OsSWEET1L
H:H ) CRISPR/Cas9 @R AE k(41 : KO-1,KO-2
il KO-3), ] ZFCRMIF Bz o 2 P4 AR A
HEATAIE], IR KR RSS2 3-5 M, 1
SEAE Y DNA R BRI R &, AR
OSSWEET11 H:PHEEA i 9 1419 PCR 514, e
# DNA 250, PCR ¥ 34 5 Ha Uk iR 5 1504
2 PCR #/EH AR . DNA BUlEWHERIE HL ik |
B RLG R G i

IR HE . TS, ZOE IR PR
75 33 /R CRISPR/Cas9 A i K R i AL 55 4k it
B2, PH@E WA 2RAS B L 0 g AR RR , SR A
IKAE IR RO ARR R, IS S0k
2 R PRIS A 2105 h); SRI5 L ZOToRe S i e &
U7 OSSWEETLL S [H] g 5 A ik S X B 43 &
e, BRI TS — R, R
(It G R0 25 PCR 595 Pk DNA $EUK:
MR, b A Fie BRG] R B Bk A9 DNA
(0.5 h). Bl PCR W f&Z (0.5 h). i£17 PCR
¥ (1.5 h). 7E PCRig IR, 2Ny
AR T O, I BT P43 o

WRIG RSS2 AR IR W BE I F Uk B
KU PCR A 3G (9774, 43 B L 45 2 75 000 Wb
FRPELT . WRBE &, B R 45 T4 R FE Ay
X PCR W) BT AN DN 7 225K 1), A2k 2%
AEFOHT AT PCR X HLIKAGIN(1 d)s AR5, 5
¥ 1) PCR =) 35 26 A W AR A w1 ¥ (3—4 d),
FE 38 2 AR R 25 R AT 50 HE R AT K
Tt FA % B, SRR RO TR 4R
ISR RRE, I IR, DR KR

http://journals.im.ac.cn/cjben

IER AR
2.3 3 JK#E OsSWEET11 & H 4wiE1E
REIR T ot 5 B Fhfm iR

DRATHES . BOWFE G A A, 6l
U T HEERD R R T B, MR 2T
TIFIRAE s 28 AR T ff KRS F1 RS H2 0 1
PS5 RFIRHE, 4 R PCR 7™y i B ok i
FRas g, WAVER PPT &L

PRACECE . TS, ZUMWT R AR B K
TRk OSSWEETLL i [H] 4 i 40 5 75 4 4 L
XFPordr, BB E M IER N RAR KA,
OsSWEET11 AL [KI i s BRAE MR, BUMZE T M if 45
SAIPESR(1 hys SRJE, M R an ] FH BT ik
R R R, R RS S IARRAE L R
BEAI . PUBR AR ESE(L h)s e,
P AL AL TR AR, R A X & RO R
MM THEFR (1 h)o

WIEAES . Rl ARt 2F A 4 A 4k SE
G, R S d 5, JFE SR B AR TR IE
SR AEARI R DL, FE IO R R I ¢ .
2.4 %4 JK#E OsSWEET11 & H 4wiEtE
R RS ESREILHR

DRATHESS . FEAKFEHERD 6T 10 d ),

SORSA A BOK R AR AP a8, 4%
Fifvirt B B R S ST 1R, B E e AR R

T RS PP 5 AR 2 A A S T A R s )
Fml i, BHIARE, ERBENNE; &
HlVELr B S5 %) PPT,

PR FUM L S A S B0 25 Rk A T
PPT L 5 B 45480, (04E sgRNA $[n] J37 41 i)
Wit T4 . Mg ) CRISPR/Cas9 #4445
H K AEHI MR OSSWEETLL JE K (1) 4 FEHE 55 )7 51
(56 58 K L AR IR LR G L5, UM 4G T K&
FPEA3 (1.5 h) s EoR 2 A 3 H A 5206 ) e v i 3
RS/ I T 4 o ol AL S O ' N S
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PE AR DI B AT H h— 25 A )
R ITHE , I CRISPR/Cas9 48437 5 5 PAM
B IG5 (RPGR AR TG PR % 1) . sgRNA BB R0 K
S ) S R P 67 15 55 (1.5 h) o

BRFAE S 22 A AR AR A S 00 45 R RN R
LU, MLERJEEE . SR ER . A5 B At
WEZ T DA, BONE S TS,
VE R AR S5 R 2 1 o B2 B 4 o

3 EBRHAFERF

3.1 EEEFEREMNERTA

CRISPR/Cas9 & [H & 5 H; A H A5 £ 1E fi
(G TR = I I e S (A = I P
Ko IR BT H AT 55 5 0 1K g
B|EAR, YN ATY . Y. EE
FESNUI, B ZLEES, ¥R
CRISPR/Cas9 MIHAJFHE  WFFX ik . LHI
PR, ARG A B AR H O LR 0 S A A
L ey 8 35 R s e A ] 23 B B A P G 4 1
OLAE CHVE AP IR, xis IZEOR X Y ) H
L R I e gl AR, IAFI# AU H Y.
32 HGRFERIKEKEE

1R RS A AR 2R O Bl ) 22 A A RS
HSLEARSS A R ERTI B AR SRS A
RE A7 MR 2F AR 24 2 I, B2 AR o b
[P, fifp D () R ) S R ABIBT RE 0 o R LBk SK
WALE TS sl TR ]
LG RFEAR, W AR | S
DNA (4L, PCR ¥ 15587 FAEYIFHOR, 16
G R R AR 5 R C RG220 b,
T Z2AFRREOR, B R E e
W TREE S, 205 M g A R
B, TR A SR AR T
3.3 RHtFHEBHNEE

ARSIV K HIIR B 5 2 A L I 45 A

&: 010-64807509

PR, BB TARR I, B, Wik
SR MSL S AR SEE, MEREROR, AR —A
A PR TT RE R BUR e oA AT, S
GERAHAE S NI, K22 AR50l 4-6 AR/,
INE NS NTEOr R A LS, ISR
TAE, ERSERASL . e — DR
FUAIR R B, SEIRHM 25 Pl A
G TR LB AE N BB, AR S A1 H 5l
SIRBFTRIHERE , X SRR H AR ARTA SR
T8 128 F b 2 R 20V A BRAL RO VR AT, 236 A9
MREHE, BABORE L, @] U IR
A UME B RAR I, B NS R RE

4 ZiE

CRISPR/Cas9 ¢ A 25 5L K 21 % [m) 4 85 (1) B
FERNY R RS kb e, 7E LR T BB Y
ANBBRE mIRYT . VEW T T B R 45 Sk
AT FH S B ATE AR R G AR AR
LI HF, FFR— DR, AU
[EPAN R =a SNSRI SN 7o =32 e U s =
1M HiA RBIR F A RIS R | G R4 E T
VERGA, TEHF P EIE SCBUE 2 2] 5 SE R
FWMAHLEE G, e A A 1 s 37 f 1t
FHFIM R R M -
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