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A universal counter-selection strategy based on replacement of sgRNA
expression cassettes targeting multi-copy genes
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Abstract: Selection markers are essential tools in gene editing, the utility of such systems is
inherently constrained by species-specific limitations,governed by divergent host genetic
backgrounds and metabolic compatibility. To address this limitation, we leveraged the
CRISPR/Cas9 system to develop a universal counter-selection tool. We designed and introduced an
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sgRNA expression cassettes as counter-selection markers, which directs the Cas9 protein to target
and cleave genomic DNA, allowing for the selection of the strains where the sgRNA expression

cassette has been replaced. Optimized to target multiple copy sites with sgRNA, this system
significantly enhances cell lethality, boosting counter-selection efficiency to over 85.00%. This

counter-selection tool is not limited to single strains and is suitable for various scenarios, including
multi-copy plasmid assembly and plasmid editing, demonstrating broad application potential.
Keywords: sgRNA counter-selection; plasmid editing and assembly; Cas9-targeted cleavage;

scar-free editing

FEPRIC R ERAE P L E TR, 55
2 DR 4 4 1 O 0 O VR R A R AR AR TR B AP
FMBTEEL, B R R Y IE 1) 3R A 2
ZRAFTRART s o B AR A B i e K T
() SE R R i BE AR T, 38 Ao o ) 5 Sl TR
FREEIATOR R, SRAT, R B 3 R A 7 0
Sriy{ s I Rala £ 1 Wa - 1 P 0] 1L T ) I
FEH SR R BAPE R, JF 5] AR BT
PRics AR SR BB R IR e vk b, it AR
77 HE ) R TR TR AR A A AR AR R R A A R
RURNTE SN 8L, BRILZAN, IE MM ik
ToE LIRS, 25| AN TRE R IC
PRtk 2 Foy X 7E i e 5L R gl v R oA —
1) JRy B o

R T BB S M SR TR i, A IR T
KT R FEE RGN SRRk o H B R s
Fric A sacB"™ | ccdB™ . pyrF!F1 codAl!' A4
LA P it 3L 2 K AR I ) A o o T R A
BEEAE M =Y, 8 S A A PR B R TG A
ERAERKEERIT, g, ks
IR BERR, WK E R A, PRIrT L)
S A2 A ) — e i 35 DR X T — A 0 3 R gk A 7
Iy Fs A ERAE , DA 2 ER 224 $I0 35 IR A 328 482 il
BrU, X Ah O e TR R, kT
PUtEARIC TovE B M R g, SR, B R
FH I B3 B0 — B 3k T R oA B BT & 1)
R SE, R [R] 28 TR B Ak ik = 3l

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

X — G B BR ) T A )z B i A R R
N H

R T AR B R G AR AN R Ak o
FtEZW RS, RFR2IFE T —MiLF
Cas9 VJ#|, DL sgRNA N v bric il i vE 5
Peo AT, FIHIEE TR0 R 71k @ 20T
IR PR RGO, Rl 9 6 BE Y [ B
i 08 T 22 IO A AR, AT ) R e BE BRI ROR o
PR R B N RGEBERRIC . TR TR
PRI . TG AN IS I Bl SR 4. it
Ab, R BEHE R G DO TR G R AR
BIE FH A 22 4 DU S0k 1) 2 b EAT R R
RN R DNA - 21 2% S it —Fh 4 7 19 S ik
W Re i 3 A D3R IR i pvivk 2 N TRA A LN B oD O e
PRI LML, Bk Bbric KER /DN, H
A R A

P

1.1 EPRFA AL

ACHIFSE Pl FH R 9% BF T8 B CENLPK2-1C,
W A Euroscarf £k .0y, RSNk A8 #4554k i
FR AT DHSo BERE A R i AR Sz 5 40 i
W B bR AE P H R A PR A F] . p-Cas9
(#64329). p-gRNA (#64329)[Fi ki \ Addgene %]
i WA SE Sl 2t 7E pUCS7 #4411 EcoR TR Hind 11T
Z I8l 43 4% A TDH3p-GFP-ADHIt #il TDH3p-
NrsR-ADH1t ik &% pUC57-GFP, pUCS7-



EEW F | ETERSENERE sgRNA RESFBRM—MERAREFRA

NrsR JFikr, HAKRFH 2 $2 58 E R A YRk 5k
a0 (G5 NMDCX0000434).,
1.2 7k
1.2.1 BHERAEEZEMNENRERT S

DAESERY p-gRNA UKL ARAR , 7£5] 9 W
Uity N I (] R N 52 A5 B 20 bp B FE B4R A [) R
B, BTk PCR, IS4 1L % DHSo JE&
ZAYM, WA TEBEETEHERA00 pg/ml)
o, iR, EEAEE LY M13-47 Fil
M13-48 HE47I 5 B iE

R T 3AGFXF sgRNA #1784 1Y donor DNA
B, #5149 GFP-LR150-S (5'-GCAGTGAG
CGCAACGCAA-3")Fll GFP-LR150-A (5-ATTCA
GGCTGCGCAACTGTT-3"), 43 %ILA pUC57-GFP
Fl pUC57-NrsR BURCHBARY B 4R155F 150 bp
R ) H i R B, alidb = IR 2ik 1k
1.2.2 #FHiAERMNME R B EEK

W H IR BASPRIR p-gRNA-LR {45
FORA, HIHZEFL AL ER B R SO B RRIER
AN, WA LE RS A 5 2 (hygromycin,
HyB, 300 pg/mL)Fli# /K Hi 7 % (nourseothricin,
NTC, 10 pg/mL){J YPD [EAREFR4E b, Bk
72 h, FAEALT T IRSL5E
1.2.3  RKHAEERN

POEBCT-HR b R ARG LT 2 600 uL A
FHRE AR A YPD 55553610 96 TR FLAR 1y 5%
48 h, B 50 uL HWMA 150 pL YPD AR R; 35
TR, ] Agilent BioTek Synergy LX
Z U1 RE LA AN GHEA T4 (. 58 1 ODgop K2
I V)72 65 i (relative fluorescence units, RFU)
H1 ODgoo 1Y HE BT 1 PR AR P OGIR I
1.24 ERBEEZSH T PCR WIE

B B TR IR 5 mL &6 FH R
PUAERM YPD W ikKE IR, HigE 48 h J5HL
1 mL WS CBERFEIR, M 100 pL #H52

&: 010-64807509

R M 3 B BE R, TR AT IR EAT S, A 50 uL
KEYIRBEIRAT, T 50 pL 58407 1 fie 2 BUE
M, FIRBWREHBHE 1.5 mL RIKE0F
f1, 12 000 r/min &5.0> 10 min, B 0.5 pL b5
YE MR 4T PCR BHIE

2 BER54

2.1 sgRNA RiXIFERGHIHZE

BRI ek A SR KR R IR F 0 R S5E, REfR
PR TR DNA 413, Cas9 HAHETS
sgRNA T E AW, 78 sgRNA (5] 5 T #lmH
VI B AR, i OO EE TS, %) DNA 7]
i AR B[R] E e Btk A e 5 2H s AR B
TE H 5 0y R R A i e 2 4E T #6147 BE AL &
52, WA RUEE DNA 1A JIHE S, W] 2
I EBRAET B sgRNA ki fl &4 sgRNA
eIk ) ] R Y W A B el e S A SR
Cas9 FR Ik FUkr B BRI I BE AL U . 2 sgRNA
RIRGHWREWT, B O k™ 4 sgRNA 5
Cas9 B E &Y, SASXIEFL] DNA F=4:
YIEWER, TRARAEUEAATS o DRG] U0 ) 58
AR sgRNA Rk &R N R IEBEIRIC, 7ERR
W R R YAl I UKL . sgRNA R 35 & B i
THFR sgRNA [ 48, 2 R FEry H A9 (18 1),
22 RIEFRZGHIWIERSHIHIE S A
:of=va

SETHT AR5 T I ER I R L PR 2 1Y 308a
{7 Cas9 1 DI FEIROR R A, sk £
PSRN sgRNA RYBE ] 7 15 o SRR R SR
] DL I sgRNA Ik & MR sl 3ok PEAl
24 sgRNA ik &8 %A &0 6% H (green
fluorescent protein, GFP)AY [A] 5 F BX B e b, 1
PRI S 1 7 A 1 2 40 0 Y B8 3 1o A [ Ak
A, K p-g308a-LR 445 K7 A donor-GFP
R B AR RS, PREBCE AR b 0y b+

B<: cjb@im.ac.cn

1651




1652 ISSN 1000-3061 CN 11-1998/Q 4:# TF2244R  Chin J Biotech

L eft HA R]g,ht HA
Left HA Right HA
gRN/\ cas%ette
Donor DNA
Zu ori H)g ori
p-gRNA-LR

% Electroporation —

[ ——c 1
Genomic DNA s======

Cas9 cassette

(JL]'I()mlC DNA -“"""

Ca<;9 target site
EJ rE)

C——————
s
Genomic DNA === Genomic DI?A——'-
T | ——

1 sgRNA REFRGRIBRERE AR T donor-DNA F Beiffi i HL i # 4L 5 A & Cas9 Rk

JEORE A BRI RS TR R, B AR UM AR EA T L

Figure 1

Schematic diagram of the sgRNA counter-selection system. The vector plasmid and donor DNA

fragment are introduced into a Saccharomyces cerevisiae strain containing a Cas9 expression plasmid via
electroporation. The transformed cells are then plated on selective media for screening.
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Figure 2 Construction and results of the sgRNA counter-selection system. A: Schematic representation of
the sgRNA expression cassette replacement. B: Fluorescence intensity measurement of Saccharomyces
cerevisiae transformants. C: Agarose gel -electrophoresis of PCR-amplified transformants from
Saccharomyces cerevisiae. Lane M: DL2000 DNA marker; Lane 1-16: Amplification using transformant
genomic DNA as templates; Lane 17: Amplification using p-g308a-LR plasmid DNA as the template; Lane
18: Negative control (using water as the template).
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Figure 3 Efficiency comparison of the sgRNA
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marker selection method.
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Figure 4 Principle of the antibiotic resistance marker selection method and PCR validation results. A:
Schematic diagram of positive selection using the NrsR resistance gene. B: Agarose gel electrophoresis of
PCR-amplified transformants from Saccharomyces cerevisiae. Lane M: DL2000 DNA marker; Lane 1-10:
Resistant screening transformants; Lane 11: Amplification using p-g308a-LR plasmid DNA as the template;
Lane 12: Blank control (using water as the template). C: Agarose gel electrophoresis of PCR-amplified

transformants from Saccharomyces cerevisiae. Lane M: DL2000 DNA marker; Lane 1: The sgRNA
antiselective transformants target site 308a; Lane 2—6: The sgRNA antiselective transformants target site .
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