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R DRI 28 G 6 A 2 1 A R A 9 B 1)
HAIPE R AR 22— o U B AR ) i 7y i [ S A
l|(clustered regularly interspaced short palindromic
repeats, CRISPR)FH AL IR il AT 1) 56 [H] g 4R 47
AR, FEH LRI TP IR, IR A4S
SKIET Streptococcus pyogenes ¥R i SpCas9 M FH
B ) N [\ AT ]I 41 4B G 3E TP (protospacer
adjacent motif, PAM)HY Cas9 ZE{AFI Cpfl SH K
ARG . % IREE Cas9 A W A-87 15 HNH
(His-Asn-His)fl RuvC (RuvC homology), HNH i
PO 25T D) crRNA (19 5 4k DNA 4, RuvC 1§ AL
MBYYIAEE AME . WEAERIR) Cas9 BY YIS T
crRNA H 4MFH) FUiF40 L ) PAM (protospacer
adjacent motif) Fiff 3 MRFEAL, 724 BAFFFR
Ui BT 5 1-nt (9 DNA XUGE KT 24 (DNA
double strand break, DSB)!'", #%E&ME Cpfl {1 H
A1 RuvC-like ¥ N VIR DI RESSH I, I AT LS
P REAR LR S IS RE, 7R 5° 2—4-nt Al
PEA 5 DSBP), CRISPR A PR ELAT & i i 5k
BiAl . 5 TP DA, T80 12 T ER
WERE, TR 0 A e TR I 1 B i
RS S5O0 . VA 4 PO i DA LA K i aE
PUrEEFIAE,  H g B 0 bR TR R A0 T Y
WHSIAAEEFEYT, B2, Wiif g
42 DSB, CRISPR i REEME 17— o KBy Rif
JRARA s A m T B SR, BRI
S5 3K 43 4 I A Al [R5 R ¥ 3% $2 (non-homologous
end joining, NHEJ)/»T:3EH ga i RCRBAC, 4HT

DA e O R S AL, AR 8 e 5 TR 28 4
RE T HIWFEIRAR A1 A, FE K AR Al AR I i
R bR AR Z S RE T 20 b A BB iF e 3R

U1 CRISPR/Cas9 74 f) DSB £33 1o s 41
FEEE 1 p53 M5 DNA fifh 2, & st i AE K
{5, {415 CRISPR/Cas9 FERIZMRACKIEIT, &
SRR BN BRI pS3 A AT /R S AT Y S
GRARACR , (Ao PN MG T A AL . S ST
BERIGIR T AATRHET CRISPR HYJER 7 123 1) %
YRR P, JCiB R A kX G S R 3
JE VPG BE DR G 2 A PR T 3, AR IR 2H G e 0o
M LTI PR A A2 i R B A E R
ARGk DNA 2% 252k A NIR
FIME ZFP A R T80 DSB $ifi. WIEHER R
TH4AAL . DNA S S5 Ik . LR G 2L B b
DNA 5 5 i Ab FEAE 5 HMIS R 2R A0 65 H B FR S B3
AL R RBHEE Y DSB 4 S B 4
AEEMAMIIET:, FEIRBE S FBOLHHARE,
AT R A RSB S B 40 A RE BT 1L B DR3E 14 5 B
MLk, T IX DSB #ifh, Akl —%&
SR kS 40 A DNA- 43 45 IV % (DNA  damage
response, DDR)E 55T RSE, LAGH IR Al A
&5 DSB, M k4R (5 B AL 4
DNA & 4EWiH, MRX &G ¥)(Mrell-Rad50-Xrs2)
25455 DSB A, MIMH 3 DSB R A5 5%
WRBLIE ,  F2 AU — LW I AL - 3 -V AR S
Pﬁ@(phosphoinositid%—kinase—related kinase, PIKKSs)
FIGBEE RO , Wt e s it 2,
151 QU RPS R B () Tell F1 Mec o 33 S ) 15 F 2
P35 R Z B EL R ) DNA B35 34 5. B
TR BEIR AL AT RE 2 SO B AT I T H AR BE A A 25
F7, WG et B0 ah, ik S e
B B, 15 DNA 515 5 RSy 1
MIFFEEIE , DNA S Hluits , 4 i 3090 2
Wi B, NI DSB B B R g rg gt ol AR
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Pi Zhou ZEAYHE, 78 17 %t B KAl R FP 5 (methyl
methanesulfonate , MMS) &84k 27150 i 7= A= 1) DSB
it B, B Mecl . Rad53. Chkl #l Dunl %
DDR P EFmER LI EE 1255 DNA 85 . 4
JAl ] DNA S | 5% QL@ | mRNA
BRI DL R B R AR, NI A RO
DSB XTI 55 . {HERXT CRISPR %R i
(1) DSB T 4t A & 1 iy B AE R A B 0 DL R X
DNA 4503 1 717 858 1 A WA o

A W58 N 4l L K SF R AR S OK S R T
CRISPR/Cas9 Fl CRISPR/Cpf1 415 ity 5 5 £H 4 4
X R B RESE N 2H DNA B9FG1ER, HRIET
PR P B B XSF AN [R] R AU () DSB- 45 473 i e iy 7 i
25 5, U 20 A DA £ 1 5 1 ML T 42 v
B I5 41 2 6 B8 0 AN DYl B DR 4 G 2 4 T R A1
A

BB

L1 EEEFIAE

WAk 1857 &1 (Frozen-EZ Yeast Transformation
II Kit™)llg § 3£[F Zymo Research /A F], BEEFRESE
BRI B RS SR B2 S R IR A ] . 5-980
FLIERR (S-FOAI A 4 TAEY) TR () A IR
2w TR o[ AC e AR B AW A S A R
ARAF . PBS SR (NaCl 135 mmol/L, KCI
4.7 mmol/L, Na,HPO, 10 mmol/L , NaH,PO,
2 mmol/L, pH=7.4, 115 °C & 4 KB 20 min, 4 °C
1547) o 2B 13 K 7AW (10 mg/mL)F1 SYBR Green |
BRI EH10000)1 A JL5UR 3K A F] . RNase A
(20 mg/mL)W AL XL ARG RA
Al MERE RNA /NERBULH & 2O E# PCR
KA A (SYBR Green [, With ROX 1)y H 3
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BIOMIGA /A, cDNA JZ# ik & A £ H
Thermo A HJ .

AL (3E [E] Beckman A #], %15 MoFlo
XDP), M A B EHEAL (TR ZAA, B
SCIENTZ- I D), 57 U ) 28 1R K B a ( H I IR
Fl), NS O HL(FE R Eppendorf 23 H]), HE
FEIR( I SEIR 5 2 wl), B TAES (M
WL RN, BT R (RIEERRR A F]), Bl
(12 Eppendorf /A ml), SEI%¢ 6 5E 1 PCRAX (36
ABI 2w, #4%5 7500),

1.2 FREERE A 4 AR AR

A5 BT A R G OB RN A R DL 36 1 ZE AR S2 TR
AT R b T ) 2 AR IR 1
URA3 FE[H ) CRISPR/Cas9 Fll CRISPR/Cpfl
BERL, 439 pRS423-gRNA(URA3-1)-Cas9 #l
pRS423-crRNA(URA3)-Cpfl; HoEZ8 Fiki & £ 4%
Il (Qu-based) . 45 HIS3 7 37 bk i B bR 0 19
pRS423U"8): KW Cas9 Fl Cpfl 43 HI7E N il &
SV40 #RENAE S, FHHEIMA SR GALI 7
B CYCT 4 EFEHIHER IR ; 175 RNA (gRNA)
Fk il SNR52 J3 B 71 SNRS2 21k Tl
FRAT R FH T A0 g 2 0 TR 77 B I R BY 474 1a A1
FEREPY, KRMOETEBS URA3 gt HER) BY4741
WR(MATa; his341; leu2A40; metl5A0; ura3A0,
EUROSCARF, 22 wifi, NI PDCI x5l
AN URA3 BRI &, WA EHR TS HAT IRE )
URA3 N e BRI AL 58] £ (Zymo Research)
P AR, B 200 ng #af7 bR g R A 2s 5T
Hi pRS423 /35l 4biE 31 BY4741a, 7E SD-His
B AR LA B A (SD-His-Ura-Trp-Leu #3 8 g/L, #
B 20 g/, BE 20 /L, MRPETEE SN &R
100 mg/L, PRMENE 20 mg/L) b7 vk I 4440 7
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R 1. FERERMBAINIRER SRR

Table 1. Plasmids and Saccharomyces cerevisiae strains used in this study

Plasmids and strains Characteristics Source
Plasmids
pRS423 Empty plasmid [18]
pRS423-gRNA(URA3-1)-Cas9 pRS423 containing Cas9 expressed by the inducible GALI promoter and [17]

the URA3 specific gRNA (URA3-1) expression cassettes
pRS423-crRNA(URA3)-Cpfl pRS423 containing Cpfl expressed by the inducible GAL I promoter and [17]

the URA3 specific crRNA expression cassettes
S. cerevisiae strains
BY4741a MATa; his3A41; leu240; met15A0; ura340; pdcl::URA3 [17]
CK BY4741a harboring the empty plasmid pRS423 This study
BY-Cas9 BY4741a harboring the CRISPR/Cas9 editing plasmid p423-gRNA(URA3-1)-Cas9 This study
BY-Cpfl BY4741a harboring the CRISPR/Cpf1 editing plasmid p423-crRNA(URA3)-Cpfl This study

1.3 4wiBG- A4 R 2t B

ARG 0 G BTRL(FR 1), HA IR IR
KR HEFEE SR GALL R sh i, Higar
DU T AE 5 20 g/L 2 FUBE Y SD-His KRk v 15
TR PR NRE, NG5S S5k,
HI THEIT URA3 Mo FEOZHER R, Fitt
V53 3G R A h AN BR 4 PR W IE o Al 28 IR
pRS423 [ TRME(CKNE R Ak Gt 8 14 BH 1A% B 5
Hb, TCIe e g iR TR s AR bR, 1E
A 20 g/L H%GBEE) SD-His-Ura 5353 rp i 5
B, RREEAS SRS, B84 T AR pk
B AEAIRE . T DSB s & nl fig Z 240
L JE IOy A 1 A S T R R A s A )
HIRERZESR, BRAOFA o FX 415 7[R 25
fRAb PR W R REL T S pg/mL o-H T &
20 g/L %Y SD-His-Ura }535 58555 2 h, fif
# R Z B AR A F] Go/GL e,
1.4 HMEFURARME . FEEMRER
PRy T

P57 g i TORL AN 23 BRI BRI BR (6 1A PR
2 ANEATHTEAY BIHERIE] 10 mL & 20 g/L HiAiH

() SD-His-Ura WA IR, R FR . 70t
2 Uy, Ho— ORI o-DK 7 EF 740 9 R A
A3 LIFIER ODgoo=0.4 5455 20 mL 54 20 g/L
HiZ MY SD-His-Ura 1, #EMEHMA 5 pg/mL
a-HF, 30°C. 250 t/min 5S35 H—IHh AL
A AR R A . SRIT B 2 i i A [
A TR A TN A 28 3 200 ) 39 ) 20 Ak B R A4S
IR ODeoo=0.4 73 35645 T 51 2 Rl SRk .
(1) 20 mL &4 20 g/L FLBHAY SD-His KR 5
B, B (2) 20 mL 54 20 g/L HAIHER)
SD-His-Ura WARIEFIE, VR ARG 9B
XF R BT R A R B AR R P AR )
SEAT . 7E 30 °C., 250 r/min 2544 F 1555 36 h, &
R, WIZE ODgoo, ZilAER ML h T i %
Je WA R AR A e E R [RIRE Y O vk 5 57
W, EWIRE, 10 fEREEERRE, 3l T8
A 20 g/L #i% B SD-His-Ura SRS A 20 g/L
LK 0.15% 5-FOA fY SD-His -4z I-,30 °C
#E3ESR 36 h, GtV ERTEVR R, HRIRIE 1
JoR, THEAATE R AR R, R4 A TS 3 2 ]
KIS S 40 /E SD-His PR FAERKK
PO V& B E B DL 2O R 5 S A 00 2 i A
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20 g/L Glucose 20 g/L Galactose

Cell viability=C/A
Mutation efficiency=D/C

A/\B c/ \D
O

SD-His-Ura SD-His-Ura SD-His SD-His
(0.15% 5-FOA) (0.15% 5-FOA)

1. REFSURMABEERMZTRNITETR
Figure 1. Schematic diagram of the induction of

editing and calculations of cell viability and mutational
efficiency.

SD-His-Ura “F-Hz FAKHAREEEH,; RELRE
EFUEGE TR AIMI7E 5 5-FOA Y SD-His
SFH b AR A A BT 95 5 H BR DAZE SD-His Pl 2B
KA REEEH
1.5 2R R SRl

F B 1.4 FR 53 B J Tk AT 40 P g i 1 < 8
I, FEHIH 1 ODgoo AL (2 1107 A4 )i 22 41 Jifd J&]
W AR L, S 75 F A R R R (MIMIS) T 7 A= 1)
DNA #5473 ) 240 i J) A i s i A 7 b, vl
A 23 Bk X IR B (CK) A BIAE 20 mL AR
A 0.02% MMSPIR &4 20 /L 5 % B Y
SD-His-Ura W {A % F5 B (MMS B V6 A T 1557 4k
t, RUEBRE SR 2 h, [EIRE 1 b BGRE 1R,
JFH T 24t e G IO 4 L S A A I, SR PSS
2 38 4 5L T A R okl g € 19 3 =X 4 i R A T
HEPN BB 2 1x107 AN4HME, 850xg
B0 3 min 37 B, A VKA BIZEIBK PR 2 IR,
BLF B, TS E 70%4 5T 4 °C [E5E 1k
U7 AEZORYD) . K I AR B 03T B, TR
Y21 PBS 22 pfIRVE S, PRV S B TR DITE L RAE
100 pL F1¥% (%) PBS 22 v, in A 12.5 pL RNase
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A V(20 mg/mL), 50 °C K 1 h; B.0FF BT,
BIA 100 uL 25 FI i K % (10 mg/mL), 50 °C /K
W 1h, B.05 EiE; 25 500 uL ¥4 1) PBS
SR R A, A 0.5 pL SYBR Green 1
(10000%), 4 °C Yefaidrk, Qmsemis, Lk
FEb B TR AR, 7530 W N 3 Nisgi
Pk oA R AL B 9-10 s, ANk b 22 1] 18] B
9-10 s, FJJH SYBR Green I JE£7 4 {0 (L S &
ek 488 nm, LUK YR DNA 73 T & %
o6, A A ARG I DG I SR B, BRI IR
AN EH 10 4. A Summit 5.2 #fFgEAT
BHE o3 b
1.6 LRSI ERE PCR

PR 1.4 TR By VR A T A G i S B R
% 8 h, UK MMSACFE 2 h AU40E, BOIRER
A, FIFEERE RNA /N S BUaR G 4 HUS RNA,
FIF cDNA S % 570 &5 3 S % 57 1Y) cDNA,
F T S i 28 5% % & PCR A I AS [ 2 48 18 Ak
DNA F5 450 )07 S I R (1 2 ik K 25 5, AR
LA S M Livak SFR9HGED, FUIRE Sk E
2ANAEYPEE S R i PCROR LA ABI
7500 Fast real-time PCR system, 10 pL W 1& £
%+ 5 uL 2xSYBR Green Mix, 100 ng cDNA &4z,
DA 400 nmol/L 1E [a] Fll sz ] 5195 (3 2). 2 EE &5
PCR 5| ¥ ¥ i1 B9 M %5 4  http://bioinfo.ut.ee/
primer3-0.4.0/primer3/ , LA S. cerevisiae S288c
(GenBank: GCF _000146045.2 R64)H:K4H 41 Ky
S WA Rt B oR Y
PCR /¥, BAFERIRE 3 MEAER . RV
F£4: 95°C 5 min; 95°C 15s, 60°C 60s, 40
TR, FRikZEF /MR 2704 5k,
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F2. WHAEEPCRFFESY
Table 2. Primers required for real-time PCR

Gene Primer sequence (5'—3") Amplicon/bp

ACTI Forward primer GGTTACTCTTTCTCCACCACTG 150
Reverse primer TTGACCATCTGGAAGTTCGTAG

MECI Forward primer GATTCCAACGGGAACTTTGA 120
Reverse primer GCACCAGCTGCCTAATTTTC

DUNI Forward primer GGCGCGAAAATCCAAGTCAA 159
Reverse primer GGACTTCGGGCGCTACATAA

RADS3 Forward primer TTGTGTGCAGGGTCATTTGT 127
Reverse primer CAGGCTGGGTTTCTACCAAA

CHKI Forward primer TGAGCCTGACGTTGGAGTTG 181
Reverse primer AAATTGAGAGGCGAGCCCAA

RPHI Forward primer AACGCCACCCCTCAATCAAT 197
Reverse primer TGGGCTCGACAATGTTGGAA

GISI Forward primer CCCCGATTCAACAACAAGCC 195
Reverse primer CCTGCTGACTATCTACGCGG

HUGI Forward primer CCCAAAGCAATTCTTCCTTG 124
Reverse primer GTTGGCAGAAGGAACGTGAT

RPN4 Forward primer GGGTCGTGCCAAGAGTTCTA 118
Reverse primer CTTCTCATGTCCCCGTTCAT

PDR3 Forward primer CATTTACCGCAGAAGGAGGA 118
Reverse primer TAATCGCAGTGTCCAGATGC

PDS1 Forward primer CCGGCTCACTTGCTGAAAAG 130
Reverse primer ACACCTCCTTCCCTCCTTGT

PHRI1 Forward primer AAAGTGTTGCGCTCTTCCAG 117
Reverse primer TCAATTTCCATCCGCTATCC

RNRI Forward primer CCGGTACTCCAAAACCTCAA 118
Reverse primer CCACCAGCAGTTTTGGAAAT

RNR3 Forward primer TTGCCCTACCAGCATTCGTT 143
Reverse primer AGCCTCGGGAACTGGATAGT

MAGI Forward primer TCAACAGATCAGTGGCCAAG 120
Reverse primer GCACATTTTGCTGGGTCTTT

DDI1 Forward primer GGCATTTGGCTTGTGTGGAC 163
Reverse primer GTCTTGGTGGGTGTTAGGGG

2 HRFLH

2.1 E: R g% 4 H A K B3 AR A
CRISPR/Cas9 Fl CRISPR/Cpfl 415 5L [HH

Sk, HAZBRRE Cas9 FI Cpfl 2378 5L 4 #E A7 5

774 DSB $i45, fEWA SR DNA (RIS AR A7 78

ML, AT LA NHEJ #4258 i DSB 9
Ktk o e R, IS TR, SiE A AT
B DSB &5, WIAMAFET . ik, BATE Sk
T3 DR A e A B A R R G TORL R Y
Cas9 Fl Cpfl ¥y 2P 2UMHFA 5 75 8h T GALT #57
HRIE . TR ISR AT, Cas9 Fl Cpfl B3R
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AT, MG, 5 AT S Tk 1Y)
X HEBR (CKOAH B, #8570 i 48 S5 R B TR Bk (BY-Cas9
A BY-Cpf1)A4: K BH {2 2 2 e (K] 2-B), 1 E. 36 h
2% ODegoo BEARTXF BEERT , 43301 g xof BETRT 1Y 0.82 F11
0.91 f%, U HE K g 48T SO LG 55 Bof ] S22
HMPEIET: . MIER A BRI 51F T, Cas9 Al Cpfl
ANFRIE 57 i SOk 1) TR R (B Y-Cas9 Fl BY-Cpfl)
RUEE o, B, SXEECKOMEL, HAE
K5 X BB SEA AR 2-B). A6, A SCHikdiRE
DSB #1652 sz 4RI #E R Sk Tk A b
F 0 240 6 T A2 40 6 ) BT AN [ 1 B i B DSB 4844
e 1, A A Y 22 57, FRATTAI -8 X0 b e 4 o
LT GO/G1 W [EAR (8 2-A), FHIE A= 4 it
4. K, RIS RAMT . MBHAES,
EXFRRBAAR LG, 457 G SR Y T MR (B Y-Cas9
BY-CpfD) A4 K BB 2Z B 4L, MiH 36 h (W
ODyoo 539 HAT X BE B 1 0.80 £i5 11 0.74 5 (& 2-C),
M S D AV T A 22 4 L 3 [ 20 Ak i 4
it 36 h Y 0.82 511 0.91 %, XU a-[HF
Ak £ JR) S0 386 o R R1 S X 4 L £ 4 )
MPEIET: . MTE R AR IR AT, 5% IR (CK)
FAEL, #5400 g ORI T MR R 5 g R, HAK
Ej Xt BB ARL(E 2-C). AL, 53T RREE(CK)M L,
e ZLWE 5 T I 18] G 0 00 0 bR KRR B T
B, o7 ZE GOo/G1 Hifl 4t
AR AR R, AN A 2 B SR L
Hil(# 2-D). LA EZREM], Si%E =4 DSB, MM
s st )k 52 DSB, Al A 2040 i J5 191 52 3]
S, HE T IR A AR K A2 B . Ak,
H o-F R4 A 2 Go/G1 2tk —241)
] 2 81 i A L1 24 L 5 AT T
2.2 FERAH G XT 4 MRS R R AR R R
R T i — A 5 3 DR 4 G A A A K Y

actamicro@im.ac.cn

SO, FRATTX i A A A S AR P B A A
GEAFZEEAT TR . 7E A G A R A T A ) S
PG LT, Joikfd CRISPR/Cas9 ifj&
CRISPR/Cpfl 41 i i, Rt e of (] A SE 4
N BEAETE B0 T R, 43 A 8 h BT 539 33.1%0
1 20.5%0 12 5 T FEH] 36 h i8] 15 74 3.2%0 1 1.2%o,
SR RET 10 450 17 A5 1 4 8 AR R i T
. BVRAE G EHE S A0 b g it =, o3 )
M\ 12 h AL S 1.9%0F0 0.1%0 T 5 2 36 h i} ]
S 14.4%0F1 1.7%0, 4r5ITHE T 8 f5H 17 %
(& 3-A), T EL CRISPR/Cpf1 X2 At i 453 A3 5 i 25
T CRISPR/Cas9, KIS 7EAH [F] 1) AR i A] o, Hi#
(A A G R NSRRI T 535 - TERR IR A
oI TR 2 GO/G1 WKL, b
St R N () P9 A, 0 A T 25 R i 5 7 R
RCRR T v 1 728 A e 34 5 A R s 240 B A A 7 240
IR AP AR R 00T 261 (B 3-B), CRISPR/Cas9
F1 CRISPR/Cpfl 4»F i 2%, A0 A7 253 5]
I 8 h EHE] A5 11.1%0 K1 9.9%0iZ2 8 F F5%1 36 h it
(6] 51 4.2%011 0.8%0, 435I N RE T 3 A5H 12 £
T 2 B 2 AR R A0 N 12 h BFIE] A 0.74%0 1
0.09%o 1= 2] 36 h 8] 51 13.4%0F1 1.6%0, 4124
THE T 18 £%(/# 3-B). 15 CRISPR/Cas9 A L,
CRISPR/Cpf1 445 1) 41 A7 15 2 1 58 AR R 5 5%
1%, FEHA 40 % CRISPR/Cpfl Zi8 ™ A 14 5" 2—4-nt
KitE K ¥ DSB 1 5 4516 & fig J1 vl GBI T X
CRISPR/Cas9 i A B~V R s B4R 32 1) 57
1-nt DSB M5 HE5E . 7k, X TRl —Fh w1
H AR AR R, 28 o- D540 & 0 W) 2
UDE DR SRR S L F (AN B S22 G P 2 f i
Y. NHEJ YEh—Fh7Edifd N A & i#47H) DSB
BRI, (AN N ERRE R HEE T, L
FEEATE G1 WP, (RN AN A R 2
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Figure 2. Growth profiles of unsynchronized and a-factor-treated synchronized cells under editing or unediting
conditions. A: Flow cytometry profiles of DNA content indicating cell cycles of starting cells (0 h), unsynchronized
cells without a-factor treatment and G0/G1-phase synchronized cells after 2 h a-factor treatment. Cell cycle is
divided into three periods including GO/G1, S and G2/M phases; B: Growth profiles of unsynchronized cells under
editing condition induced by galactose (left panel) and unediting condition grown in glucose media (right panel); C:
Growth profiles of synchronized cells under editing condition induced by galactose (left panel) and unediting
condition grown in glucose media (right panel); D: The maximum cell growth rate (um.x) of synchronized and
unsynchronized cells. Cells were cultured with glucose (left panel, unediting) and galactose (right panel, editing).
The parameter of um. was calculated corresponding to the fermentation profiles using Originlab® Origin 8. The
strains were listed in Table 1. Data represent the mean and standard error of duplicate cultures at each condition.
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Figure 3. Genome editing effects of unsynchronized and a-factor-treated synchronized cells. A: Cell viability and

mutation efficiency during cell growth of unsynchronized cells; B: Cell viability and mutation efficiency during cell
growth of a-factor-treated synchronized cells. Data represent the mean and standard error of duplicate cultures at

each condition.
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Figure 4. Arrested cell cycles by genome editing and MMS treatment. A: Flow cytometry profiles of DNA content
from control strain (CK) in response to 0.02% MMS for 1 h and 2 h; B: Flow cytometry profiles of DNA content
from indicated strains, whose initial cells were unsynchronized or synchronized by a-factor. Cells were grown on
galactose media to induce genome editing.
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5. BEHRESRE CRISPR HIEFMH THMERASHBNENEE
Figure 5. Relative quantitation of strains in different periods of cell cycle under different CRISPR editing

conditions editing conditions. A: Unsynchronized initial cells were used; B: Synchronization initial cells by a-factor
were used.
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DNA lesions and repair response caused by genome editing in
Saccharomyces cerevisiae
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Abstract: [Objective] To investigate DNA lesions and repair response caused by the DNA double strand break
(DSB) generated by the genome editing tools including CRISPR/Cas9 and CRISPR/Cpfl in Saccharomyces
cerevisiae, we used the damage and repair of S. cerevisiae genomic DNA caused by a chemical substance methyl
methane sulfonate (MMS) as a comparison and elucidated the changes of edited cells at the cellular and
transcriptional levels. [Methods] Initial cells were divided into two situations, including unsynchronized cell cycle
and synchronized cell cycle to GO/G1 phase by a-factor. We measured the growth profiles of CRISPR/Cas9- and
CRISPR/Cpfl-mediated edited cells. We employed flow cytometry to detect the arrested cell cycle of edited cells.
We used Real-time PCR to quantify the transcriptional expression changes of key genes involved in DNA damage
response in edited cells and MMS-treated cells. [Results] Growth of initial cells, which were either unsynchronized
or synchronized cell cycle by a-factor, were inhibited by genome editing. Cell viabilities of edited cells decreased,
and the cell cycles were arrested at the G2/M phase. Furthermore, along with the prolongation of editing time,
mutation efficiency of edited cells increased while cell viabilities decreased. The mutation efficiency and viabilities
of CRISPR/Cpfl edited cells were lower than those of CRISPR/Cas9, and thus the damage induced by
CRISPR/Cpfl was stronger than that of CRISPR/Cas9. Both these two editing tools induced significantly
up-regulated transcriptional expressions of RNR3 and HUGI, which are key genes involved in DNA damage
response in yeast. Additionally, the extent of CRISPR/Cpfl-mediated up-regulation was higher than that of
CRISPR/Cas9, but both were lower than MMS treatment. [Conclusion] This study analyzed DNA lesions and
repair response caused by CRISPR/Cas9- and CRISPR/Cpfl- mediated genome editing at the cellular and
transcriptional levels, and preliminarily revealed the divergent extents of S. cerevisiae in response to different
DSBs, thus providing an important guidance for improving the editing capacity and estimating the safety of genome
editing.

Keywords: Saccharomyces cerevisiae, CRISPR/Cas9, CRISPR/Cpfl, methyl methane sulfonate, cell cycle, DNA
damage response
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