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FE. [ HY ] Fb# CRISPR-Cas9 R %5 mazF 13 W iR i 8 U e A4 B B s v o

[Jri ] o>

SR E SR P b 2 I s 1 PR T R K BE R 26.5 kb I L R K A BY YKLO72W-YKLO61W, I L4 T
PO AR . R %, [ 455 ] FIH CRISPR-Cas9 RS F-1153] 5 MEAb+, (HIE#ZEN

100%; mazF L4552 100 PMEALT, IEFPRIGKTRIE, N 93%.

[ 4518 ] PRI 12 24 8E i O
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ARG LEMEATE RNA ZE5WHS SRR L&
Cas9 #IREEMBTUI/ER . Hrp RNA B&YH
CRISPR RNA (crRNA)FIS Z#4i% CRISPR RNA
(tracrRNA)4H %, crRNA £55 T 20-30 bp E’ﬁlﬂﬁ%‘
LI N RES tractRNA GG W F3), —EHEH
54 Cas9 #ZRREFHAK RNA :%1¢E%%, il
M515 Cas9 HXEREFDIHI4RIE PAMs HEEF41, H

R 32Z W 2 i Ak iy 11 CRISPR-Cas R4, %
R4 H1) gRNA H1 crRNA UK HGERY tracrRNA

FlE A, N T HF B4 gRNA 530 20 bp 1Y4HE
Fea B et SRR R A, SRR TS —
YEBIRE PAM [T 9 (— Ml NGG B0 5% .

Cas9 BIRMENFH) DNA XU n] LU i
A [R] P 2K % 1% 4% (non-homologous end joining,
NHEJ) A1 [A] i 5 20 J5 2 (homology-directed repair,
HDR) W Fh F-ELiff 17185 . NHEJ F=UAl fig s 554
WU T 2407 B R B 4 A B2 2848 ; HDR
J5 AU AT DL i S 41 DNA 55 DNA 18 52 54 1)
(v 058 o 2 A TR A ) S SR BN B A A
mazF 3R IR R IE T KM FF B H g i 2% 1R 9

VIW i 235 Sy 55, MazF  RE 8 45 Sk 1) 310 3 55
mRNA [ ACA i /5, [Hitt MazF & I FKIAREDS
FEUR X B AR PR SE T ARSI
BIFIHT mazF 258 5, B HAE N AdibRiC#- 4T K
B ekt K i e b 12 m DAL o

K 33 3 F Fl CRISPR-Cas 258 VA K mazF 4y
S A R BN 12k [ st o R T e o ) e €
R Bt A et , K PIRR 5 1% i e Ak ss e . IR
B 238 DL S A T M A5 7 TR A T T L, LA
J P TRPY B v A TR BN sl i)y s e R A
T

1 ApHfu &

1.1 #rg

L1.1 PR, BORCAIG Y. A58 A 20 R kA
JORLAnER 1 fios, AR o R 20 A5 190 4 A=
PR AL ABRA RIS, ([FEWNE 2 Prs.
112 BEFREMAERSEM: YPD Higidi(g/L): 20 g
W%, 20 g HAME, 10 g BEERRY, 1L ddH,0. &
IEEFRHE SC (g/L): 20.0 g FZME, 5.0 g BiilRek, 1.7 g
TeEFERERE AR, 1.3 g AARIEEY), 1 LddH,0.
fiie Y58 T 40 Ay [] 46 L 481 > OB 04 5 U SR B4
mazF TR IR B SRR B SRR A AN T A
IR B A LRI A I A R 756 LB B
H(gL): 10 g BB, S g MERRy, 10 g EAkaN,
1 LddH,0., 2 KHEFHZEMMFHWE A 100 pg/mL.
AR FRIANA 20 g/L BBk, BY4741 HIREFE4
£k 30 °C, 200 r/min; KWAFFREEFRIEMF R 37 °C,
200 r/min,

R 1. ARHZ PR A E R

Table 1.

Strains and plasmids used in this study

Strains or plasmids Characteristics Source
BY4741 MATa; his3A1L; leu2AO; ura3A0; met1 5A0 EUROSCARF
IMX581 MATa; ura3-52 canl _::cas9-natNT2; TRP1; LEU2; HIS3 EUROSCARF
41-cas9 MATa; his3A1; leu2 AO; ura3A0; met1SAO canl _::cas9-LEU2 This study
pUGT73 Template for LEU2 EUROSCARF
pROS10 2 um amp® URA3 gRNA-CANI.Y gRNA-ADE2.Y EUROSCARF
pROS10-11L 2 um amp® URA3 gRNA-STB6 gRNA-BLII This study
pGREG506-mazF Template for mazF This study

http://journals.im.ac.cn/actamicrocn
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F2. AMRPEASIY
Table 2. Primers used in this study

Primers Sequences (5'—3") Target genes

HRA-F ATGCTTCTACTCCGTCTGCT Upstream region of CAN1
HRA-R ATTTTGAAGCTATGAGCTCCAGCTTCGGCCACATTTATGACGATC Upstream region of CAN1
Cas9-F ATAATGATCGTCATAAATGTGGCCGAAGCTGGAGCTCATAGCTTC Cas9

Cas9-R CCTGCAGCGTACGAAGCTTCAGCTGCCGCAAATTAAAGCCTTCGAG Cas9

Leu2-F GACGCTCGAAGGCTTTAATTTGCGGCAGCTGAAGCTTCGTACGC LEU2

Leu2-R AGAAGAGTGGTTGCGAACAGAGTAAGCATAGGCCACTAGTGGATCTG LEU2

HRB-F TATCAGATCCACTAGTGGCCTATGCTTACTCTGTTCGCAACCACT Downstream region of CAN1
HRB-R CTTGTCCCTTATTAGCCTTG Downstream region of CAN1

6005

GATCATTTATCTTTCACTGCGGAGAAG

Backbone of pROS10

YKLO72W-F TGCGCATGTTTCGGCGTTCGAAACTTCTCCGCAGTGAAAGATAAATGATCTCAA 2 pm fragment
ATTCAAATTTATCACAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAG

TCCGTTATCAAC

YKLO61W-F TGCGCATGTTTCGGCGTTCGAAACTTCTCCGCAGTGAAAGATAAATGATCTGAC 2 um fragment
ATGAAGTTAAATATGTGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAG

TCCGTTATCAAC
11L-det-F GACAAGACCACCGAGTCGAAT Detection of deletant strain
11L-det-R TTTGTACGCTGGTGACATCG Detection of deletant strain
11L repair-F1 GTGGATATACGTAATGCACATT Donor DNA
11L repair-R1 TCGATCTATCGTTTTTGATAGCTTTTTCCCCCAGCAAATATATT Donor DNA
11L repair-F2 AATATATTTGCTGGGGGAAAAAGCTATCAA AAACGATAGATCGA Donor DNA
11L repair-R2  AGTTTTTTAATGAGTATTGAATCTG Donor DNA
B29-F CACCGAGTCGAATCCAAGTT HR1
B29-R TAATCGATCTATCGTTTTTGATAGCTTTTTCCCCCAGCAAATATAT HR1
B30-F AATAATATATTTGCTGGGGGAAAAAGCTATCAAAAACGATAGATCGAT HR3
B30-R GCTTTTGTTCCCTTTAGTGAGGGTTCCAGAAATCTTGGCTGAACAC HR3
mazF-F TTTGGTGTTCAGCCAAGATTTCTGGAACCCTCACTAAAGGGAACA mazkF
mazF-R CCTGCAGCGTACGAAGCTTCAGCTGTGCTGGTCGCTATACTGCT mazkF
B31-F ATCGACAGCAGTATAGCGACCAGCACAGCTGAAGCTTCGTACGC LEU?
B31-R TCTGATGAGTGGCTTCCAGTTGCATGCATAGGCCACTAGTGGATCTG LEU2
B32-F TATCAGATCCACTAGTGGCCTATGCATGCAACTGGAAGCCACTC HR2
B32-R GTTGGAAATCCGACGTTATT HR2
1.1.3 EEiXH|: SORB: 0.1 mol/L R4, M. PrARE TR EBEAEYA R A A FUR R

0.01 mol/L Tris-HCI (pH 8, I 1 mol/L & ¥# B,
0.001 mol/L EDTA/NaOH (pH 8, F 0.5 mol/L fii&
TR, 1 mol/L AL, 875 pH=8, K5 =k
{54%. 40% PEG: 0.1 mol/L B&EREH, 0.01 mol/L
Tris-HCI (pH 8, [ 1 mol/L fi ¥ % B), 0.001 mol/L
EDTA/NaOH (pH 8, i 0.5 mol/L % #i#¢), 40%
PEG3350, dIEBRH, 4 °C {47, SLI0 &L

actamicro@im.ac.cn

NG & W T RAR A IR A\ 5 PCR ],
DNA marker W F AW TREARAF ; KIGFH
&2 DHSa W TN 2 A W RH A FR A F
1.2 FIA CRISPR-Cas9 RE#ITERAKN T B
sk

CRISPR-Cas9 FR 4t F £l 11
Wi (DSB), # 1 LIMERE F B AR it

ﬁ“@ﬁ:;a%l_
T DNA &
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52, TS BN R BeMdi iy B i, AR PR R A
WE 1 B R TR BOMs Y s %, A
SCHE H B B W BT 2 NS, Al 1
ik pids . &5 R B R s th B R B
FrEcm G R, s AR A 2 AR
gRNA Kk Bk 5185 i Bk A= e 148Uk W 24
e mER . mZ&ERVE PCR 507 6HIA H 1
KA B B .

DSB induction

\\\\\\\

Repair | — s

11111111

SN

Deletant

\\\\\\\\\\\\\\
\\\\\\\\\\\\\\

1. CRISPR-Cas9 RGEMB A% TEE
Figure 1. Schematic representation of the
CRISPR-Cas9 system deletion method.

121 Cas9 EHRBERMME . @i BRI
2H %04 £ (Saccharomyces Genome Database, SGD)
AIHEN canl 75, BET514 HRA-F/R (HRB-F/R,
DA R 1 B BE DR 2H A o3 4 4 canl BRI |

TR A B A R R ALY R . DUBORL pUGT3
ARG LEU2 pric, AR AR IMX581 K 41
BRY 1Y cas9 FelH . WS GHSTH0 R BLi;
S NI, 1) P RIS 1 % ()5 20 R e RS
cas9 5 LEU2 A2\ BRI BER Y ik I canl JEH
{7 E 1) Cas9 5 FH R IKFE#E -
1.2.2 gRNA FXFRMHE"®: LTk pROSI0
YER gRNA Fik ks, nl#E4 2 751 gRNA,
45 PCR 91445 5] pROS10 Foki B 22 LA M A 2
AN gRNA FPAIEY 2 um R B, $alifb Bk 2
AR B A TR BB BY4741, A BTR
pROS10 FTifi i) URA3 Tk b icif A7 ik - Pk
PRIV P B IE IR AL, SRIUTORL 81 5% 2 KA AT
[ DHSo § 3850k, #EATIF XS e, SEBGH A
PN IERS gRNA PRSI TR, FEORAETRFI
1.3 mazF YERGIRHRICAI R R B
IR mazF V&R 5 bRIC 0 KR By 12
FEAPL, WE 2 Pon, &R R
R . LEU2 ARic A mazF Rk &2 B
KA Bl Big, A2hmIAsHEk. 20, Eid
P RIREESIFER mazF KA 2 RIFIRE A, %
H R A B DL R B e pric s i, 15801k R BOOR
T i P e 2% B 2 S T R

|\ larget

Parental strain HR1 [HR2]

[0 2 )
\\ HR3}

\ Medium without leucine

Latent strain me HR 1[HR3[LEU2| mazF

Target ——
FIR e\ HR3

Deletant HR1

2.
Figure 2.

\ Medium with galactose

HR3

mazF N SHIMB A EZREE
Schematic representation of the mazF-mediated deletion method.
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14 FREEE RS A A 45 B

il A TR P R JERAZ S AN . 1.5 mL B0 E
TR R AR, A 1 mL R KL, FEnA
1 mL SORB #4175k 5 M 50 L SORB &%,
JIA 4 L fi:4% DNA J5 I FHAEE-80 °C 117

PR TS P L e A 2 3T LiOAc #5. B 80 pL /%
BEEZ AL, A 1/5 (RFUTUR. DNA 3 PCR
BT AMRST . A 6 f5 KR 40% PEG, R
5)J5 ZIRACE 30 min, JILA 1/9 451 DMSO %]
J& 42 °C $ili 15 min, B0 BIEFMA 100 pL
TCHE KR AT AR o
1.5 FEERIZH KR B Mk e ok ) 2R B A T

R TR Fr Bl ok TR AR A AR R A, AR S
DN E 7 HB R R R B R B i P ke ) A A it 4 )
FRAEARF 54 TR A RIE N . kR LG
OD i1y 0.1, 3 £ 7 20 mL YPD B3 IL 24,
1% 8 h R A LB T ODgoo WIEAE . A T
R K R Bei 2k PR RR I Be s A o AE Ak, 8 10 %
RIS ZE YPD A LR A Blvsin T
8%Z.I% . 1.5 mol/L NaCl, 1 mol/L [IZLEEfF-Hi
o R TR AR AT R, KT 50 °C K
30 min JF A RE SR . JEALEAN 0.1 mol/L Tris-HCI
ZF MR C B pH 8.5 MR PR, A TN B

2 ERFQM

2.1 Cas9 EARIEROMAE

Ry Y G A UM U BB AL cas9 BRI GR BT
R, AL E W cas9 KR A 2 R B2
BY4741 Yk I canl JEH A, HIHET 1 #k Cas9
EHFBEK, 4N 41-cas9 Htk. PCR ¥
cas9 3 | [FEE HRA . HRB LI K LEU2 TfiEdn
it LML 4 AR B, @t BT PCRY A6

actamicro@im.ac.cn

S WAL BV RAE Ef R L5,
SEALBE RN ade2 BER R pROS10, Rk Ak fir
1354 523 YPD Pk, W&l 3 Fos, AR
SR BLLN TR I, IR cas9 BEPIERR RS
FNYe AT I HA YIS PERY Cas9 H, 16
ade2 FE R & JEAT U HI T BOLRIE

B 3. ade2 ERZETEZRA

Figure 3. Phenotype of colonies with ade? gene

mutated.

2.2 HE gRNA RiEFURLHATERIE BERE K B
i

AR BUFRL pROS10 /4 gRNA ik ik,
AR 2 NP S gRNA, AR A BE YKLO72W-
YKLO61W FER MmN 4, % h Bedbfuds 14 4
ORF, ©KZh 26.5kb, W3R 3 Fn. sk
Jr B EEIN STB6 1 BLII /3 Cas9 HIEI &
PCR wif%E pROS10 JFk: & 22 M4 54 A &
STB6 #1 BLII $EJF%) gRNA Y 2 um H 510 &
PR P BE A 7 2 206, AR BBUBTRE 155 KT 3
25 I IE 4 19 SR A 4% S pROS10-11L1 . {814 DNA
H Mo R B b Ui Beril G s, K/l 500 bp
A, Bkl pROS10-11L 54 A Br—ile 1k
BEFE 41-cas9, &4 SC-ura-leu A, @1t 6 %
AT, AT ECEI R 5 AN R 4), LB
X} 11L-det-F/R #F47F7% PCR &, S5 K/
1200 bp, FFATU, Gl 4 Frs o I 56 F 1 A
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#z3. MBKFEFES ORFs 52
Table 3. The information of ORFs included in the
deletion region

Systematic name Standard name Length/ bp
YKLO61W BLII 342
YKLO062W MSN4 1893
YKL063C 504
YKL064W MNR?2 2910
YKLO065C YETI 621
YKLO65C-A 222
YKLO66W 444
YKLO67W YNK1 462
YKLO68W NUPI100 2880
YKLO68W-A 237
YKLO69W 543
YKLO70W 510
YKLO71W 771
YKLO72W STB6 2301

% 4. CRISPR-Cas9 R4S mazF EHI LR
Table 4. Comparison of CRISPR-Cas9 system and
mazF-mediated method

Methods Clone No.* Clones with expected deletion/%
CRISPR-Cas9 5 100 (30/30)
mazF 100 93 (28/30)

*Values represent results of six independent operations.

bp M1 2 3 4 5 6 7 8

2000 1200 bp
1000

4. KK EEMIFR PCR #&i F8 5k E
Figure 4. Identify of large deletion. M: DL2000 marker;
lane 1-8: PCR amplication with 11L-det-F/R.

B K B B IE A A YKLO72W-YKLO61W Bt
BRI AT 44 R WL RAME S R B xf BF- a1 1
3 2 AL T, YO RBAE . Al i H T
AT RE SR R HEAT 2 AN A AR R 7 224 i o
A B4
2.3 mazF YERRTERRCHIR r BOIS

T IRAE Latour 3L [3EAE KT AR 1C URA3
W mazF brice B EANEAS mazF FKikik
1155 2 RIFIREE A, 153 100 DMK 4). B
PLIEHC 30 DAk 7 [RIFE AT RITE PCR, IE#f%IA

93%., FariliZh A 5.
2.4 KA By e pk i) 2= B

R E R R A BE YKLO72W-YKLOGIW ik
KB WA K2 anE 6 Fros . af ILH R ik w4
AERIFFRZ BN, 5l R RERILT A XK.
Prasi vk SR S IR R AN E 7 R, 7E YPD. 8%4
f# . 1.5 mol/L NaCl. 1.0 mol/L [IZ4fE | pH 8.5
W DL e AL BRI, W4 TR KB Z 2 m0 , 19
KA B YKLO72W-YKLO61W [ skt XeF T Ak i 44
PELOMRE . SR R SR mBiE A
P A TEHA 552

bp M1

2000
1000

2345 6 78910

1200 bp

5. KK EEMIFR PCR 4 f8 ik E

Figure 5. Identify of large deletion. M: DL2000 marker;
lane 1-9: PCR amplication with 11L-det-F/R; lane 10:
wild type BY4741.

451 _e-BY4741
40F -o-wW4
35
3.0
£25
S 2.0
1.5
1.0

0.5

0 2‘3 ll6 2‘4 3‘2 4|0 4I8
t/h
6. HEMKHRRKERERKES

Figure 6. Growth curve of the strain with large deletion.

Heat shock

8% ethanol

1.5 mol/L sorbitol pH 8.5 1.0 mol/L NaCl

7. KR BRRKERRR RN

Figure 7. Phenotypes of the deletion mutants.
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CRISPR-Cas Z 4t & — T B ] 5 Im] kA
i E RO, WA R ST S gRNA
515 Cas9 HiFRME, 78 H AP 5 A 1031 77 A XUk
Wrzd, Ttk DNA 5341 DNA [ 5 4
T S X e DR 20 19 5 ) R o AR SR R IR T
26.5 kb YA AR BE YKLO72W-YKLO61W, 7£
R Be DX bR i R R T 2
JEHI, H XL gRNA Rk ik, 5145 DNA —i2
AL B ORI Cas9 A RIBHE 41-cas9,
SEIFFE] S AEEALF, ARG I AR A 1 A I e T
KA B sR bR, IEH2E 100%.

mazF A\t K v BOWSO 2018 % 4k 3 4[]
VR N E e bR iC i IS T bR, SRS R
W RRIE mazF 573 TR B sk LA K
TR ARIC A I, 753 TCHR AR B R B ek
BBk o AR SCHE K A B YKLO72W-YKLO61W (]
WA EI 2 100 DML T, BRI 93%.

ARSI B YKLO72W-YKLO61W Iy
Pk W4 ST TIPSR, A K ihZe =B
PR A RARERZ BN ;. 7E 8% L. 1.5 mol/L
NaCl, 1.0 mol/L 14, pH 8.5 Al L K kb # 4%
T F Wa A RORDUL S EFAE itk BY4741 JC5+.

CRISPR-Cas 4t L) H A8 A i ) 8 P 7E K v
B i DA B B, AR A E RIS L
DU b, AR08 20 bp 9 gRNA JE41BIAT,
TESER T SR A T . HAEGRS I 7&K
Bt DNA [A]JEABE S IEFFILT N 100%,
N B W2 v e /N IR DR AL A0 A ) R 3 T
BB mazF v 50 R  BOM Oy vk 2w £
MR B, BFREHFRIE mazF, FEHEBEWNR
B T S H ARG Y, A N R E AR

actamicro@im.ac.cn

B HJEMRYE SCHERARIE, CRISPR-Cas REGiAT
ARG, FEUS B HE WU M 248 . 2,
CRISPR-Cas F G814 X4 A [R] (4 W Bk H b b A
HORIFATRE 1M mazF B HAE T AT 2 PAM
JPa, tEXTRRE , B IS

S, ARSCA RN T S8 AT LA e S ek T
BB (AR A BE . CRISPR-Cas R 4838 T kit
ML, BAERER ;. mazF A KRB
T8 T A gRNA 81 235

2 % Wk
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Comparison of CRISRP-Cas9 system and mazF-mediated
method for large deletions in Saccharomyces cerevisiae

Yuzhen Wu', Haijin Xu', Yanling Bai', Xiuming Zhang', Mingqiang Qiao'*’

" College of Life Sciences, Nankai University, Tianjin 300071, China
? Key Laboratory of Molecular Microbiology and Technology, Ministry of Education, Nankai University, Tianjin 300071, China

Abstract: [Objective] The objective of this research was to compare CRISRP-Cas9 system and mazF-mediated
method for large deletions in Saccharomyces cerevisiae. [Methods] We made a 26.5 kb deletion from YKLO72W to
YKLO61W using the foresaid two methods. The two methods were analyzed from the perspective of transformation
rate and accuracy of deletion. [Results] There were five colonies appeared on the plate in average using
CRISRP-Cas9 system and all of these were correct. And 100 colonies were observed using the mazF-mediated
method and the accuracy was 93%, a little bit lower than CRISPR-Cas9 system. [Conclusion] Both methods are
good to make large deletion in Saccharomyces cerevisiae. The CRISRP-Cas9 system has a high accuracy and easy
to use, the mazF-mediated method is stable and does not need the PAM sequence.
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AR, HFRFAGHEFRIGE, 53, FIZHEFEAREEE, P XM SRAFA
T BE A ERRFAT K RRFH; RETBRRFGFZANR;, FEEAMLT S
NFAMFATHEE, PEAMANFLAAN. RETAWKFAS FANFLEEK,
GEHTFRFEGRFRALLRK, aF X FAPRFFRIRK, TZHRTE: (1) 47
AR FIE B RAIE Fa L AR AR, (2) A IRMEILE S K6 37 B AUEE A 2 B R 45 &
Ak (3) AMFMARMM AR KEON S BEA, W EHMEERAHAR, 4) B
HFHRILBRIRE S RAMFZREEMAOMELS TZ RN ER,; ) RaidcZ
Bt F 0 R K45 AR 64 M A e R
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