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8 E: £XA)H CRISPR-Cas9 A Lski Ly F AR+ B-LkEE (BLG) AR, vAFEILE BLG KB EHN
AL E G (WLF) AR, Fit—FIKF T RERE RADS] & & %E A (RS-1) SRR EAKXFENHA. B
A3t F BLG 8% — 9 2 FiK 3 FMET sgRNA F= Cas9 3£ & £ HAK pCas9-sgBLG, HFizHRE L E L FF
ARG %ML, #1A PCR #= TTENI %W 7 XA WA BEEN, R —FMET BLG ARITREAR
pBHA-hLF-NIE (.4 NEO/EGFP); ¥#i%4T¥e# /K5 pCas9-sgBLG #H Ak 4E 4 £ LW FFH R A g mie, » 5 A 0.
5.10 #= 20 pmol/L RS-1 & mfie, 54T T R ER XK G e KA FE; F A 800 ug/mL G418 *F R Fl /& & RS-1
A 32 5 ) 4 AT iR ik, PRI EGFP [ M me 1%, #t— i@ id PCR Aol 5 %€ hLF & &N Fa b tm e %,
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RS-1 enhanced the efficiency of CRISPR-Cas9 mediated
knock-in of human lactoferrin

Wenjun Zhou, Rihong Guo, Mingtian Deng, Feng Wang, and Yanli Zhang

Jiangsu Livestock Embryo Engineering Laboratory, Nanjing Agricultural University, Nanjing 210095, Jiangsu, China

Abstract: This study aims to knock out the goat B-lactoglobulin (BLG) gene using CRISPR-Cas9 system and knock in
human lactoferrin (ALF) at the BLG locus, and further study the effect of RADS51 stimulatory compound (RS-1) on
homologous recombination efficiency. First, we designed an sgRNA targeting the first exon of goat BLG gene and
constructed a co-expression vector pCas9-sgBLG. This sgRNA vector was then transfected into goat ear fibroblasts (GEFs),
and the target region was examined by T7EN1 assay and sequencing. Second, we constructed a targeting vector
pBHA-hLF-NIE including NEO and EGFP genes based on BLG gene locus. This targeting vector together with
pCas9-sgBLG expression vector was co-transfected into GEFs. Transfected cells were then treated with 0, 5, 10 and
20 pmol/L RS-1 for 72 h to analyse the EGFP expression efficiency. Next, we used 800 pg/mL G418 to screen
G418-resistent cell clones, and studied hLF site-specific knock-in cell clones by PCR and sequencing. The editing
efficiency of sgBLG was between 25% and 31%. The EGFP expression efficiency indicated that the gene knock-in
efficiency was improved by RS-1 in a dose-dependent manner, which could reach 3.5-fold compared to the control group.
The percentage of positive cells with ALF knock-in was increased to 32.61% when 10 pmol/L RS-1 was used. However,
when the concentration of RS-1 increased to 20 umol/L, the percentage of positive cells decreased to 22.22% and resulted
in an increase of senescent cell clone number. These results suggested that ALF knock-in and BLG knock-out in GEFs were
achieved by using CRISPR/Cas9 system, and optimum concentration of RS-1 could improve knock-in efficiency, which

provides a reference for efficiently obtaining gene knock-in cells using CRISPR/Cas9 in the future.

Keywords: CRISPR-Cas9, RS-1, B-lactoglobulin, homologous recombination, ALF, goat ear fibroblasts
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[12-13]

BLG

(Human lactoferrin,

BLG
RS-1

CRIPSR-Cas9
hLF
CRISPR-Cas9

hLF) CRIPSR-Cas9
[14-16] BLG LLF 1 #RE5FE
1.1
« ” 1.1.1
CRISPR-Cas9 BLG pX330 (Addgene #42230)
hLF pMD-19T TaKaRa
RADSI pHA-hLF hLF cDNA pBC-hLF
DNA NEO EGFP
DNA DH5a 60
DNA 171 RADSI1
(RADSI1 stimulatory compound RS-1) 1.1.2
RADS1 RADS1 DNA NCBI
(18] Primer Blast
3 RS-1
() RS-1 1
x1 BRNHMESETERY
Table 1 Primers for plasmid construction and detection
Primer name Primer sequence (5'-3") Size (bp) Purpose
BLG-5" HA-F TCTTGTAGACGCCTCAGT 1 564 Amplification of the 5’
BLG-5' HA-R GCTAGCCGGAATCCTACTTGGCTCATCC homology arm
BLG-3' HA-F CTCGAGGCCTGGACATCCAGAAGGTT 1 609 Amplification of the 3’
BLG-3' HA-R TCTAGAGCCGTTCTCCCTGAAAGACA homology arm
NEO-IRES-EGFP-F  CTCGAGTAGTTATTAATAGTAATCAA 3 064 Amplification of
NEO-IRES-EGFP-R  CTCGAGTTGGACAAACCACAACTAGA CMV-NEO-IRES2-EGFP
T7-BLG-F ACCTGCCCTTGTCTAAGA 622 Identification of sgRNA
T7-BLG-R CTTCCAGCCTCCAGAATG editing efficiency
5KI-F TCTGGATGGTATTCTCTG 2 409 Identification of the 5’
5KI-R CGGCATAATAGTGAGTTC junction
3KI-F GAAGAACGGCATCAAGGT 2371 Identification of the 3’
3KI-R CAAGTGAAGCAGGTGTCA junction
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1.1.3
FBS (Gibco 26140079) DMEM (Gibco
11965092) Trypsin (Gibco 25200056) G418

(Gibco 11811023)  Neon™ 100 pL
Life Technology
marker PrimerStar DNA
LA Tag DNA pMD-19T
( ) T4 DNA
Bbs 1
NEB Qiagen
Omega
1.2 7%
1.2.1 sgRNA pCas9-sgBLG
BLG (NCBI 733881.1
8 088 bp) sgRNA
(http://crispr.mit.edu/)
20nt  sgRNA
GGCCCTCGCCTGTGGCATC
CAGG
pX330 pCas9-sgBLG
1.2.2 pBHA-hLF-NIE
1558bp 5 1687bp 3’
BLG
(GenBank 733881.1) 505-2 062 bp
2 268-3 954 bp 5! Nhe 1
3’ Xhol Kpnl
pMD-19T pBHA-5'
pBHA-3' Kpn'1 pBHA-5'
pBHA-3’ pBHA-5' 3’
T4 DNA 3
pBHA-5’ pBHA-5"-3’

® 010-64807509

CMV-NEO-IRES2-EGFP
Xho |

pBC-hLF

hLF cDNA
Xho 1
cDNA

Nhe 1
3'BLG hLF
NEO-IRES2-EGFP

pBHA-5'-3'
pBHA-hLF-NIE
BLG

pHA-hLF

BLG
1.2.3 CRISPR-Cas9

3
DMEM+10% FBS+1%

80%—-90% pCas9-sgBLG

1 ng/10° 1.6kV 10 ms 3 pulses
5x10° 6
72 h
DNA PCR sgBLG
T7E1 T T7E1
400 ng PCR T7
I 0.5h 2.5%
T7-BLG-F  T7-BLG-R
1.24 RS-1  CRISPR-Cas9
RS-1
(1x10°)  pCas9-sgBLG (0.5 pg)
pBHA-hLF-NIE (0.5 ug)
123
0 5
10 20 pmol/L RS-1 72 h
R&D
RS-1
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G418 (800 pg/mL) 3 5KI-R  3KI-F hLF
1 16-20 d EGFP (1
EGFP G418 (400 pg/mL)
2 EREH
1/5 4/5 DNA 2.1 pBHA-hLF-NIE $T¥E {KB9#3E
PCR PCR hLF c¢DNA NEO-IRES,-EGFP
TA PCR 503
SKI-F/R  3KI-F/R 5KI-F  3KI-R pBHA-hLF-NIE
BLG 42-59 bp 4 140-4 157 bp 1
A
Goat BLG locus Ex 1 Ex 2
S / ------ /H/ ------ /_
//// Target site ) -I;A-I\Z ----------
5"+ CCCTGGCCTGGCCCTCGCCTGTGGCATCCAGGCCATCATCG 37
3’ - GGGACCCGGACCGGGAGCGGACACCGTAGGTCCGGTAGTAGC -+ 5/
B . Nhe T Xho 1 Xho T
Targeting vector sHA hLF \ Neo IRES2 EGFP [ 3'HA
C

Neo IRES2 EGFP
R

—> — -«
5KI-F SKI-R 3KI-F 3KI-R

Targeted

hLF
— -/~

1 sgBLG 4R R AT AT EE

Fig. 1 Scheme of sgRNA targeting BLG locus and targeting strategy. BLG: B-lactoglobulin; Ex 1: exon 1 of BLG;
Ex 2: exon 2 of BLG; Ex 3: exon 3 of BLG; hLF: human lactoferrin cDNA; NEO: neomycin resistance gene; IRES:
internal ribosome entry site; EGFP: enhanced green fluorescent protein; HA: homologous arm; PAM: protospacer

adjacent motif. SKI-F/R: primers used for 5’ junction PCR. 3KI-F/R: primers used for 3’ junction PCR.
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2.2 Cas9 7E U FEH AT 4R iE RIS 2.3 AEKRE RS-1 S EERBAEI M

pCas9-BLG pCas9-sgBLG pBHA-hLF-NIE
72 h
DNA T7-BLG-F/R 0 5 10 20 pmol/L
622bp sgBLG PCR RS-1
T7E1 T EGFP RS-1
T7E1 sgBLG 4
sgBLG
1-59 bp sgBLG RS-1 10 umol/L 20 pmol/L
Cas9 BLG RS-1
(2 T7E1 (P<0.05 30) RS-1
sgBLG Cas9
25%-31%
A » & B , /
bo M %%b & 5'-GGGCCTGGCCCTCGCCTGTGGCATCCAGGCCATCATCGTCACCCAGACCATGAA 20 bp TTCGA-3" WT
758__ 5/-GGGCCTGGCCCTCGOCTGTGGOATCC e esessesssisiss ittt GAA*+20 bp~ TTCGA-3'-25 bp
500 e — ~ SgBLG 5 GG GCCTGGCCCTCGC vt v v rrtrrntasartntustittastittttsttaststieatistetsirestitieirrtasstiestrtnesns TCGA-3'-59 bp
200 — . 5-GGGCCTGGCC- TCGCCTGTGGCATCCAGGCCATCATCGTCACCCAGACCATGAA 20 bp TTCGA3' -1 bp
5-GGGCCTGGC- - - - - - - - GTGGCATCCAGGCCATCATCGTCACCCAGACCATGAA: 20 bp*-"TTCGA-3" -8 bp

& 2 £ GEFs 9 sgBLG 4miEH 14

Fig. 2 Testing of sgBLG targeting activity by transfection of pCas9-sgBLG into GEFs. (A) T7E1 assay of sgBLG
targeting activity. M: DNA marker. WT: wild-type. (B) Sequencing result of sgBLG target region. The sequence in
blue indicates the guide sequence of sgBLG, and the sequence in red indicates the PAM.

—
W
1

[
[}
T

W
T

250 pum

[w)

GFP cell percentage (%)

0 5 10 20

RS-1 (umol/L)
B3 RS-1 XERFEBIALRAF M
Fig. 3 Effect of RS-1 on knock-in efficiency. The goat ear fibroblasts were transfected with pCas9-sgBLG plasmid
and pBHA-hLF-NIE and observed under microscopy in white field (A) and with FITC filter (B). (C) Analysis of
effect of RS-1 on knock-in efficiency by flow cytometry. GFP-positive rates indicated the knock-in efficiency. The
asterisk means a significant difference (P<0.05) between two groups.
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2.4 AEIRE RS-1 3 hLF SENPAEH A= 11.90% 32.61% (P<0.05)
(A=A RS-1 20 pmol/L 503
0 25.93% (P>0.05)

5 10 20 pumol/L RS-1 22.22% (P>0.05) 2
G418 EGFP 3’ PCR 5!

42 43 46 27 3’ PCR

( 4 2) hLF hLF
RS-1 503 BLG (95
10 umol/L 20 pmol/L RS-1
RS-1 5!
16.67% 36.69% (P<0.05) 3’ (P<0.05)
A
5SKI F+R

1 2 3 45 6 7 8 91011 1213 1415 16 17 18 19 202122 WT

3 000 bp__sew oy i
2 000 bp—se =
£
=2
— 10| : B b vea — — o g
n
=4
20| - - -
B 3KI F+R
S 000k 1 2 3456 7 8 9 1011121314 1516 1718 19 20 21 22 WT
P—e
0] 2000 bp—s = - ol
=)
3 5| — - - - s
E —
=
= L - ww - - - -
= 10 =
wn
x -
20| - - - - w W —

4 #B5 PCR ik hLF BYNPRTEHAAESEE 45 R

Fig. 4 Partial results of PCR screening for ALF knock-in clones. (A) Partial PCR amplification results of ALF
knock-in clones using primer 5KI-F/R. KI: knock-in. (B) Partial PCR amplification results of ALF knock-in clones
using primers 3KI-F/R. KI: knock-in.
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R2 hLF BRI E PCR fHiELE R
Table 2 The result of screening AL F knock-in positive cell clones by PCR

Groups Drug resistant clones 5' junction PCR" (%) 3’ junction PCR" (%) Senescent
0 pmol/L 42 7 (16.67%)* 5 (11.90%)" 1
5 umol/L 43 6 (14.29%)" 6 (14.29%)" 2°
10 umol/L 46 17 (36.96%)" 15 (32.61%)" 1*
20 umol/L 27 8 (29.63%)" 6 (22.22%)* 7°

Senescent: cells in the clone did not proliferate after 7 days. Data with different characters indicate a significant
difference (P<0.05) and with the same characters indicate no significant difference (P>0.05).

5" Genome 5'HA 5'HA hLF
ACCCTTGAGCCTGATCTTGTA **rre- GCCAAGTAGGATTCCGGCTAGCATG AACTTGTC
5'junction ‘ // \
A A A fl. | \ N | / R
\ I\ | ATAVVAVAVATARY , NAa I\ ANAAAA N A
“/\/W,//\N\/\’AX/\V\/\'\ DA AN VAN AN
EGFP 3'HA 3'HA 3’ Genome
3'junction

5 B4 5'5 3'3%4E PCR FAMELH B 5 b 5 U =]

Fig. 5 Partial sequencing peak diagrams of 5’ and 3’ junction PCR positive clones.

3 it hLF ¢cDNA Shen
(ht-PAm)
CRISPR-Cas9 B-
BLG hLF cDNA [24]
RS-1 Cas9 (GDNF) B-
[25] B-
hLF ¢cDNA

CRISPR-Cas9 BLG hLF [26]

hLF BLG a-
113 ”[20] (ALA)
[21]

ZFN TALENs  CRISPR-Cas9
2004 (22] B- CRISPR-Cas9 ZFN  TALENs
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[27]

Jeong ¥ CRISPR-Cas9
B- (hINS)
Cas9 TALENSs
[29]
Cas9 [(30]
RS-1
16.67%
Bl cyp B TALENs BLG
5%-13% TALENs
3
17% 33]
14%
32.61% CRISPR-Cas9
[34-37]
NHEJ
QCR7119-34-35]
HDR RS-111%20]
SCR7
CRISPR-Cas9
4-5 B4
17%-30%"!
SCR7
CRISPR-Cas9 (3¢]
RS-1
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RS-1
20 pmol/L
14% Pinder ! RS-1
CRISPR-Cas9
RS-1 0-20 pmol/L
RS-1
0-10 pmol/L hLF RS-1
RS-1 20 pmol/L
hLF 22.22%
20 umol/L RS-1
G418
20 pmol/L RS-1
RS-1 72 h
20 pmol/L
Pinder ! RS-1
=10 umol/L
RS-1
CRISPR-Cas9
RS-1
CRISPR-Cas9
BLG hLF
RS-1
10 pmol/L
hLF 20 pumol/L
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