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The Teaching Practice of an Undergraduate Experiment in CRISPR/Cas9
Genome Editing of Saccharomyces cerevisiae

WANG Wenjie, YANG Lingqi, LI Yudong*
(School of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou 310018, China)

Abstract As an emerging gene editing technology, the CRISPR/Cas9 system is widely used in the
research of various organisms and is bound to revolutionize biomedical research and disease treatment. Un-
derstanding and mastering CRISPR technology will provide a strong foundation for undergraduates major-
ing in biology and related fields to follow the advanced technology, and cultivate innovative thinking. This
study developed an innovative teaching experiment to apply CRISPR/Cas9 technology in Saccharomyces
cerevisiae and incorporate GFP fluorescent labeling technique into this gene editing experiment to improve
the visualization. The experimental modules include the design of gRNA, the construction of pCAS/gRNA co-
expression plasmids, the construction of DNA cassette for homologous repairing, PCR product purification,
lithium acetate-mediated yeast transformation and fluorescence microscope observation of GFP expression.

Teaching practice indicates that students could complete the laboratory modules and achieve the expected
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outcomes. Multiple assessments were performed using intelligent evaluation platform throughout the entire

laboratory process. Post-class assessment indicates that this team’s experimental teaching course allows under-

graduates to deepen their understanding of CRISPR/Cas9 technology and increase their interest in scientific

research. Under the background of emerging engineering education, it is of great significance to introduce this

cutting-edge scientific technique into the undergraduate classroom to improve the teaching quality.
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A: KGN pCAS/gRNARIMIEE; B: 4 GFP{JDonor DNAJEE; C: pCAS/gRNA 5 Donor DNAKL AL BRI EERE, X ADE23E [KHEAT S S48 1
A: construction of pCAS/gRNA in E. coli; B: construction of Donor DNA containing GFP; C: co-transformation of pCAS/gRNA and Donor DNA into S.

cerevisiae and gene editing of ADE?2 gene.

Ell BRBEEBEADE2EE$RIERICRISPR/Casdk RIGE R LRI
Fig.1 Schematic for CRISPR/Cas9-mediated ADE?2 disruption in Saccharomyces cerevisiae

- alifh [FJEAE & B -GFP, EJfit{A DNA(Donor
DNA)(K 1B); (3) 4 CRISPR-Cas9/gRNAJii i 55 Do-
nor DNAK NERBEEEEBY 4741, WAL T H 5
B (H BB () DL 6 BB I 28 2 R (4t
T F W B BE DR G A 1 L (BT 1C) o B AR ST AU
EITR .

2 BFHERH
CRISPR/Cas 9 X 4 45 2 7 SL 9 T BT E W)
BRSO TRAR , o I 1) R SR B BT s
BREHTPESLIR N . SIS e HE 1257, BSR4,
IS VR [F) 27 AR PR AP B (B 2 0 58 S 56
2~ [, AN R TEAE, B/ NI 5E R
LR HATICAR . ARBERE T HEZHERRFS
(https://mooc1.chaoxing.com/course/220802079.html),
SEIG H R rp e o R TR R A )l B AT

23], BERFRARVER I ) 53 Fae ), 0FE
[ e R 7 R VTN T R 1 s S B ) N e
REVEAR AL 45 S IS5 1
2.1 CRISPR/Cas9#i RFEIEi##E 5 CRISPR-
Cas9/gRNAEFRIL i iU E (1)

VR VHE & o 20 75 6 3K pCA S JFURL AR i) 4 Y
VIl Dpn 1, H ADE2E R #E ) 4 1) g RN AFF 51 AR
L5, #E 4 IF PCRAH IR S A28 B 4 . K HT
TR A0 S8 BT T AR TR 5 18 4% BOMR 2 5108
B RATIRATT S LB e Wil WG 2AEFH SR
NS WA A i SR AT 45, G 2 B Sk T
CRISPR/Cas9#5 A (1) LA i BEFN 7732, H42 Jo B 48
TERR, W TAE G T80 A 7R 5
il 4555

WREHE B, BUNPH#E CRISPR/Cas9Hi R
JRERAISCIR AL . ADE2FE R A &R, # B2



FOCTE L BRI RECRISPR/Cas93k K] 2w i AE A R s i oy ) 280 s ik 1671

AT RS EBEARE , W1 H bR S IR B AR
PEZIR (1 h); RJE, #aRFAMRELSI ¥t T
H CRISPRdirect(https://crispr.dbcls.jp/), #R¥& ADE?2
BRI P HUREAT 5148, 20T 51 Pk i e 4
BT, EAERIEA R . Tm A AR
B (0.5 h); B, B A T gRNAJT FIFE RG] )
FIpCASTURI R L2y 22 A | A2 38 i ) [7) PCR A4 4
pCAS/gRNAFE AL FiRL (1 h). [FN;, A 768 A2
i 5E RSS2 21(0.5 h).

WIEAT S5 224K PCR7= W FH BR 1l 1 P 1) il
Dpn VREBRJ5 | B N KIAHFF B (1K), BB 77 5 7217
T AR b B H BT VA B N WA R 7R AR AT RS R (1
K, WS o T H A R AT, AR IUT RIS FF
FEN (3~4K ), 43 Ml - 45 S CLFI W 28 41 5 br 2 75
PR o
2.2 [EEIEE R EDNARIEENMEE2R)

TR ATV %% ZOM 75 W LPCRA= AL IR A &, &
RS gRNA A [R)J8E () GFP 5| 4 GFP-F/GFP-R, #E
% PCRY MY HIK AR DGR S A B B 4 AR TR
BRI R VKR . B ERE RS Nano-
drop Z IR A A I B AE 51

WA H o, UM PR DNASR 5 15 E AL
B JEEE . GFP&R O T A A R AR, F B2
A IIE EIRAE B R B Wi LB, B gRNAZE A5
B _GFP-gRNAA [FEJEE (1 h); R, RS #AEH
SanpGene X £F % 1144 7 gRNAZE A5 [F] YR 1) GFP 5|
Y, BIiE gRNAZE M 40 bp)F 514E N Donor DNAF]
I EJE R (HA-L), B gRNAZ U 40 bp/54104E A4 [
TR (HA-R)(1 h); 5o, FGFP B LA 22 EAE A
Bt , (AR O G B 51 ) GFP-F/GFP-RR L 45 2%
A2, PCRY 1 L3543 Donor DNA A £1(0.5 h). [FIT,
S R R 2 ) 5 O REER (0.5 h)

WG AT S Al i B R W B A L Pk A I PCR
PV, FUMAREE I 4% KN R IR 2R 2
T IR AT AL i 0 PCRES AT VRN A1 45
SAK). g, FAEFHPCREMLAAF GG &
& IPCR= kAT 414k, 3k #3 Donor DNA J B, Jfif
I Nanodropill] & ¥ & 14l B T4l DNAFE 5 1 i &
(1K)s
2.3 EERRSESHRERYEHIER LUK CRISPR-Cas9/gRNA
FEIRIE R (E3RE)

VR FT £ o 20T 75 5 WA R L TR VS 7 1 R A

BY4741, FR1E IR TMGIE A I B B N VR AR 85 77
%@ﬁﬁfi%%, 2 h*\/ﬁﬁyﬁ\l)am{ﬁ, E@Dwofﬁﬁ?
0.4~0.6.2 18] ; 0TI 75 14 2 T BE T IR B0 4 AL R AH 53
FUFIL AR B2 o

W HF . H e, BUMVHREE R YN
AR S B DA R H A T B A R e A B R —— B
BRI AL (1 h), R, FAEERINKIES TR
EREE IR R, PA4 200 r/minf3 L 5505 min—Ui
£ —IHYE > TE/LIACTE VR H &, il % B BB S
ML (1 h); f)a, FAE I SRR A 5 Ak 2B R A
# CRISPR-Cas9/gRNA 41 Jifi ¥ Al [] Y548 2 AR AR
Donor DNAFE NBEERFERZ (1 h).

WIEAESS : oAb 20K J5 % AR T 46 WL 52 i 1% T AR
AT RIS, IWREERR RN TE
RFIEESERAE . 0 T R LSS, 224
AJ DA 5 VAl CRISPRJE K] g 2 75 B3
24 BRBEZSADE2E F i L FRILE R
52 CIRER4E)

PRATHER 24 T Ak Ja B i i Ao AT 40
R, PR (L BRLL (O TR v AT Bl BOM AR WA AR A
SIS Tk AR o B (0 A ) R, BRI GN IR AR R
FHIVELT S5 IR PPT.

WA HE HA, BN AT B ERAE
WIRMSHORE, TS A 2O B i 5
FEAY IS 1 BRI i T ) GEPE G IA , WS04
JEIRFERI AT O, R T B U G I % e e
S5 AT R PERIE fE 0 M (1.5 h); 20T 2H 215 A 0
FLARSLIG 48 AT PPTIC R ALE S5 2SI, HUM 4 H
PO 91 5 2 AR S 30 R R (9 1) LA T AT IR BB
(1.5h).

WEAES AN LI N A SR g LM
ST PRI E kg, BUMES TR IR A
SIS R A SO AR SR T A ) A

3 LIEHER
3.1 CRISPR-Cas9/gRNAIt Rk FRRIAHE

Yo BRPS 9% B ADE2BL IR (¥ DN AT 51| 52 i) 2 7E 28
W itF £ CRISPRdirecti# T gRNAJFF K 1t , fE45
Rk gRNAF 4 : 5-ATT GGG ACG TAT GAT
TGT TG-3'. Z JEtR#EpCAS/Fiki(Addgene, #60847)
AR Py A TSI (R VAT 2A), 8 1A
PCRAZ pCAS/gRNAFE 41 )i ki FH B H14E P UI il



1672

OB -

Dpn 1(New England Biolabs, #R0176S)2:F&{E Atk
BRI RAE KL S , 5 N KB AT B AR A7 pCAS/gRNA
JkL. Pl Sangeril 7 56 ik L 20K BURL A2 15 44
FERRI . WP 4 SRR, W EHE N IR 7 4 5 1
TH I gRNAF 71 58 4 —F(KI2B), iX Ui ] gRNA LU L
IhiE N pCASJFKL, pCAS/gRNA $L 2 3 Jii hi A4 72 %,
0.

3.2 EREE R EDNARIEEHIE

Cas9 i 0 H AR A7 s 5 N e 41 gk AT 45 5 )

VIRIG , A% DNA 2 5 21 8 sh s Z L .
78 3 B o 5 A7 AE Donor DNA, 1 5E PR XUsE W 22 kb
45 Donor DNA & 1 [R5 7 41 45 & M i 31 [F)
FesE . wE3FR, MR ZREEAEENH, 7F
BY 4741 B0 g A B B gRNA A 40 bp 7514y

Donor DNA [ £ [A] Y5 (HA-L), B gRNAZ il 40 bp
FAE A TRJRE (HA-R), fifi H SanpGene 344 %
7151 %) GFP-FHI GFP-R(£ 1)¥ 1 GFP v B LA3k 15
Donor DNARIE &, B — By A VI EIAL 55 42 44 R
B GFPIRITEIE E B . MM PCR™ M aifb il &
(TaKaRa MiniBEST DNA Fragment Purification Kit,
#9761)% 4125 47 /) HDR Donor DNA F Btk AT 414k |
J:F ThermoScientific Nanodrop Onell| & HIKk &, &
F& IR P S5 B N0.1~0.3 pg/ul, 2 Jr B H B F—20 °C
UKFEREAE o
3.3 CRISPR-Cas9/gRNAFN[E)REIE & RN ILiEL
mRA R £

W BRI BE B VR BY 4741800 T YPDIE 7 2L 1
AT I A IR 46 BUBZ A A, 77152 RSk [13]

®1 ASLWFRASH

Table 1 Primers used in this study

Gk FA(5'—3")

Primers Sequence (5'—3")

H s
Aim

FWD-ADE2-gRNA
REV-ADE2-gRNA

ATT GGG ACG TAT GAT TGT TGG TTT TAG AGC TAG AAATAG C
CAA CAATCATAC GTC CCAATA AAG TCC CAT TCG CCACCC G

Construction of pPCAS/gRNA

GFP-F GTT GGT ATA TTA GGA GGG GGA CAATTG GGA CGT ATG ATT GAG TAAAGG  Construction of Donor DNA
AGAAGAACTTTT
GFP-R TGG ATG AAC TAT ACA AAT AGT TGA GGC AGC AAA CAG GCT CAA CAT TAA
GAC GGT AAT ACT
(A)

FWD-ADE2-gRNA
IATTGGGACGTATGATTGTTGGTTTTAGAGCTAGAAATAGC

ACCTTCGGGTGGCGAATGGGACTTTATTGGGACGTATGATTGTTGGTTTTAGAGCTAGAAATAGCAAGTT

TGGAAGCCCACCGCTTACCCTGAAATAACCCTGCATACTAACAACCAAAATCTCGATCTTTATCGTTCAA

REV-ADE2-gRNA

%CACCGCTTACCCTGAAATAACCCTGCATACTAACAACl

(B)

1 009 bases

C 6AATG GG ACTT T EEEECEGHECGENIERCINSRCENCIINNNNGE G T T TTA G A GC T

430 &40

aso - o - —a60 | 1.0x

Az gRNAXUA 5 W7m 5 B (R AT TR); B: pCAS/gRNA LR A JFUR A4 S0 7 36 30F
A: gRNA bidirectional primers (as shown in purple arrow); B: sequencing verified the construction of pCAS/gRNA plasmid.
E2 gRNAITSMFFIIE
Fig.2 gRNA design and sequencing result
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Fig.3 Construction of the homologous repair fragment DNA cassette
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Ar RGP B BT BE B AL R 56 R -
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A: selective plate of transformants; B: fluorescence microscope picture of S. cerevisiae mutants.
El4 BRIEEE R LERE

Fig.4 Transformation results of Saccharomyces cerevisiae mutants

Satisfaction degree of CRISPR/Cas9 Research interest in the future

gene editing experiment

Experiment operation Utilization of online learning resources

@ Very satisfied @ Satisfied @ Satisfied in some extent ©/Not satisfied @ Not satisfied at all

El5 AERIEIBIBIBESITER

Fig.5 Part statistic results of the questionnaire
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