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Knocking out of human DNAH2 gene in U20S cells by
CRISPR/Cas9n double nick system

Lixian Chang, Congcong Sun, Xiaojuan Chen, Wenyu Yang, Jiayuan Zhang,
Yingchi Zhang, Weiping Yuan, and Xiaofan Zhu

Institute of Hematology and Blood Diseases, Hospital Chinese Academy of Medical Sciences & Peking Union Medical College, Tianjin
300020, China

Abstract:  To study the biological function of DNAH2 (Homo sapiens dynein, axonemal, heavy chain 2) gene, we constructed
human stable U20S cell line of DNAH2 gene knockout through CRISPR/Cas9n double nick system. The A, B sgRNAs
(Single guide RNA) and complementary strands were designed and synthesized. The double-stranded structures were formed
during annealing, and connected with Bbs  cohesive ends-containing pX462 linear vector to construct the recombinant
eukaryotic expression plasmids, including pX462-DNAH2-A and pX462-DNAH2-B. After the co-transfection of the two
plasmids into U20S cells, the addition of puromycin and limiting dilution method were used to obtain positive monoclonal cell
line. Western blotting assay was then performed to detect the expression of DNAH2 protein, and PCR-sequencing technology
was finally utilized to analyze the mutation feature. The results showed that A, B sgRNAs duplex was successfully inserted
into pX462 vector, and DNAH2 protein was not expressed and DNAH2 gene suffered from the frame-shift mutation in
U20S-DNAH2-KO monoclonal cell line. These demonstrated that DNAH2 knockout U20S stable cell line was successfully
constructed through CRISPR/Cas9n double nick system, which providing a useful tool for the study of DNAH2 gene.

Keywords: DNAH2, CRISPR/Cas9n, knock-out, stable cell line
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heavy chain 2) DNAH2 DNAH?2 (8] DNAH2
CRISPR/Cas9
(1-3] (Clustered regulatory interspaced short palindromic
DNAH2 repeat/Cas9) sgRNA
DNA
[2-4] (Fanconi anemia FA)
FA CRISPR/Cas9
X [5-7] DNAH2
DNAH2
(  FANCA FANCB FANCD1 FANCD2
)[5 -6]
5 1.1
5 FA U208 trans1-T1
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pSpCasIn(BB)-2A-Puro (pX462)

Addgene Bbs Thermo
Fisher Scientific
(PlasmidSafe exonuclease) epicentre
T4 DNA NEB DNA
sgRNA
Promega NeoFect DNA
BCA
Pierce DNAH2
B-actin
Sigma
IgG KPL BeyoECL Plus
( ECL )
1.2
1.2.1 sgRNA
http://crispr.mit.edu/ DNAH2

(NM_020877.2) 1

“5S'-ATGTCCAGCAAAGCTGAGAAGAAGCAG
CGATTGAGTGGCCGAGGAAGCTCCCAGGC
AAGCTGGTCAGGGCGGGCCACTCGGGCTG
CTGTGGCCACACAGGAGCAGGGGAATGCC
CCGGCTGTCAGTGAGCCAGAGCTGCAGGCT

GAGCTCCCCAAGGAGGAGCCTG-3" A
B sgRNA
A B sgRNA
A 1)
sgRNA 3’
“NGG” 5’ “CACC”  “CACC” “G”
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“«G”
DNAH2-sgRNA-A 2)
sgRNA 3’ “NGG”
5! “AAAC”
DNAH2-sgRNA-A
B
Bbs DNAH2-sgRNA-A

DNAH2-sgRNA-B
1
1.2.2 DNAH2-sgRNA pX462
DNAH2 sgRNA
Thermo cycler  sgRNA
DNAH2-sgRNA-A B
0.5 pumol/L
100 nmol/L DNAH2-sgRNA-A/B 100 nmol/L
sgRNA-A/B 1 uL 10xT4
100 U T4 PNK 10 uL
95 Smin 94 Imin -1 / 22
72 30min 71 Il min -1 /
46 4 1h
pX462 Bbs
37 15 min
1 ug pX462 1 uL Bbs 1 uLFastAP 2 uL
10xGreen Fast Digest Buffer

1 DNAH2 sgRNA (A-B)
Table 1 The double-stranded oligonucleotide
sequences of DNAH2 sgRNA (A-B)

Primer names

Primer sequence (5'-3")

A-Forward CACCGCTCTGGCTCACTGACAGCCG
A-Reverse AAACCGGCTGTCAGTGAGCCAGAGC
B-Forward CACCGCAGGCTGAGCTCCCCAAGG
B-Reverse AAACCCTTGGGGAGCTCAGCCTGC
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20 pL
pX462
1.2.3 pX462-DNAH2-sgRNA

DNA

50 ng pX462 1 uL DNAH2-
sgRNA (0.5 ymol/L) 1.5 pL 10xT4 DNA
0.5 uL (10 g/L)
11 pL 60 min
1.5 uL 10x%
1.5 uL ATP (10 mmol/L) 1 pL
37 30 min
pX462-
DNAH2-sgRNA-A B trans1-T1

pX462-DNAH2-A
U6

TAGAGAGATA)

Bbs

1.2.4

pX462-DNAH2-B
(ATACGATACAAGGCTGT

6 -DMEM (
) 5% CO, 37 U208

10%

pX462-DNAH2-A
pX462 U208
1h

U208

pX462-DNAH2-B
60%—70%

NeoFect
pX462 U20S-DNAH2-WT
pX462-DNAH2-A pX462-DNAH2-B
U20S-DNAH2-KO
125
6 U208
20 10 5 2.5 1.25 0.62 ug/mL
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48 h

U20S 2.5 pg/mL
48 h
2.5 ng/mL
72 h
15 cm
3-5
96
96 24
1.2.6
6 cm
80%—90% 1x (PBS)
3 1xNP-40
4 12 000 r/min
10 min BCA
SDS 99 5 min 6%
SDS-PAGE
PVDF 5%
TBST 3h
DNAH2 B-actin (1 1000) 4
TBST 3 10 min/
IegG (1 15 000)
1h TBST 3 10 min/
BeyoECL Plus ( ECL )
1.2.7 PCR-
DNA
PCR 1 DNA
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DNA PCR
1
2
2
2.1 pX462-DNAH2-sgRNA
pX462 ( 1A)
Bbs
Bbs pX462
DNAH2 sgRNA-A B
Bbs
( 1B) T4 DNA pX462

DNAH?2 sgRNA-A B

pX462-DNAH2-A pX462-DNAH2-B

U208
DNAH2 sgRNA-A B  Cas9n
sgRNA Cas9n
DNAH2 1
DNAH2 ( 10

2 PCR
Table 2 The primer sequences of the PCR and gene
sequencing

Primer names Primer sequence (5'-3")
PCR-Forward TGCCCCGAAGACAGTAGGATA
PCR-Reverse GGTAGGAGCAACCAGGAACA

TGCCCCGAAGACAGTAGGATA

Sequencing

A hU6_promoter B
Pbr322_origin
origin| CAG_enhancer DNAH2 gene specific binding site W
Fsp 1 (8 059)
o o+~ 3XFLAG 5'-CACC|GCTCTGGCTCACTGACAGCCG-B'
Ampicillin g4l -
ORF frame 1 8 Bel 11 (1618) 31CGAGACCGAGTGACTGTCGGC|CAAA-5'
A
(A) Double chains
pSpCasin(BB)-2A-Puro ORF frame 3

F1 origin
Not 1 (6431)

(pX462)

puro (variant)

5353

3824

Stu 1 (5 920)

Apa 1 (2727)

EcoR V (3 221)

v v
5'-CACC|GCAGGCTGAGCTCCCCAAGGH3'

3TCGTCCGACTCGAGGGGTTCCICAAA-S

A
Pml 1 (4 157) (B) Double chains
C sgRNA (A)
L~y CCGACAGTCACTCGGTCTC
5 AGG 3
3 90 * 100 = 5
GGG
DNAH?2 exon 1 3 i&!
GCAGGCTGAGCTCCCCAAGG g, =
sgRNA (B) -
1 pX462 SgRNA

Fig. 1 The enzyme digestion of pX462-DNAH2-sgRNA

recombinant plasmid. (A) The map of pX462 plasmid. (B)

The A, B sgRNAs and complementary strands were designed and synthesized. The double-stranded oligonucleotide

structures containing Bbs

cohesive ends were formed during annealing. (C) The constructed recombinant

eukaryotic expression plasmids, including pX462-DNAH2-A, pX462-DNAH2-B, can lead to the knocking out of
DNAH2 gene, through the role of two sgRNAs in the exon 1 regions of DNAH2 gene.
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2.2 pX462-DNAH2-sgRNA

Bbs
pX462-DNAH2-A
pX462-DNAH2-B 2
pX462 Bbs
( 2) DNAH2
sgRNA-A B
pX462-DNAH2-A  pX462-DNAH2-B 2 pX462-DNAH2-sgRNA
Bbs Bbs Fig. 2 The enzyme digestion of pX462-DNAH2-sgRNA

recombinant plasmid. 1: pX462 vector/Bbs  (-); 2: pX462

( 4 6) vector/Bbs  (+); 3: pX462-DNAH2- sgRNA-A/Bbs  (-);

4: pX462-DNAH2-sgRNA-A/Bbs  (+); 5: pX462-

€3 DNAH2 sgRNA-A B DNAH2-sgRNA-B/Bbs  (-); 6: pX462-DNAH2-sgRNA-
pX462 B/Bbs  (+); M: marker.

DNAH2-sgRNA (A)

180 190 f 200 210

CGAAAlCACCGE TCTGGC T TCACTG ACAGCCGIGT TTTAG A

Wl { I ﬂ I hl il »’” i \

DNAH2-sgRNA (B)

180 190 f 200 210

ACGAAACACCE CAGGC TGAGCTCCCCAAGGIGTTTTAG

| |

f

- i P\ i
(I\ | llll | |/ \‘ |
"‘ U p l\\. f

e e o e

3 pX462-DNAH2-sgRNA
Fig. 3 The gene sequencing of pX462-DNAH2-sgRNA recombinant plasmid.
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2.3 U20S-DNAH2-KO

U20S-DNAH2-KO 3

(#1-#3) U20S-DNAH2-WT
NP-40
DNAH2 B-actin
4 U20S-DNAH2-WT
( 1) U20S-DNAH2-KO
#2 ( 3) DNAH?2
U20S-DNAH2-KO #1 ( 2)
#3 ( 4) DNAH2 B-actin
4 #1

#3 DNAH2

2.4 U20S-DNAH2-KO
PCR-

U20S-DNAH2-WT U20S-

DNAH2-KO #1 #3) PCR-
5 U20S-DNAH2-WT
U20S-DNAH2-KO (#1) sgRNA (A)
sgRNA (B)
8 U20S-DNAH2-KO (#3)

1
DNAH2

1 2 3 4

4 U20S-DNAH2-KO
Fig. 4 Western blotting of U20S-DNAH2-KO stable cell
lines. 1: U20S-DNAH2-WT; 2: U20S-DNAH2-KO (#1);
3: U20S-DNAH2-KO (#2); 4: U20S-DNAH2-KO (#3).

;\;\TG(lCCE GGCTGTCAGTOGAGCCAGAGC TGCAGGCTGAGCTCCCCAAGYAG

i

B Point mutationi

UL ﬂ"f"’ '
Wb

Insertion
li il l........
AATGAECJGGCTGT CAGCGAGAAAT ACGGGGAGAACT TG C'I'G'I'GC'I"I'G,\'I'G.\’I'GC’I'G

C Point mutation l il i

AATGUECCGGCTGTCAT GGATGCAAAGCTGAAGAGG CTG T

b WL

5 PCR-

Fig. 5 PCR-gene sequencing analysis of monoclonal cell lines. (A) U20S-DNAH2-WT. (B) U20S-DNAH2-KO (#1).
(C) U20S-DNAH2-KO (#3). “CCC”: the complementary “NGG” site for sgRNA-A; “AGG”: the “NGG” site for
sgRNA-B; left black line: binding sequence of sgRNA-A; right black line: complementary binding sequence of
sgRNA-B; black arrows: point mutation; red dot: insertion mutation.
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siRNA (Small interfering RNA) shRNA
(Small hairpin RNA)

DNA

[9-12]

(Zinc finger nucleases ZFN)
(Transcription activator-like

effector nucleases TALEN) CRISPR/Cas9!"’!

ZFN Fok
ZFN
Fok DNA (4]
TALEN Fok TALE
TALE
DNA Fok
[15) CRISPR/Cas9 Cas9
CRISPR
(Protospacer
adjacent motif PAM) sgRNA
Cas9 sgRNA
DNA
[16-18] 3
CRISPR/Cas9

B 010-64807509

[19-21]

CRISPR/Cas9
sgRNA
(Off-target
effects) [19.22]
sgRNAs
sgRNA
Cas
[22-25]

CRISPR/Cas9

CRISPR/Cas9n double nick

[10,22,26-29]
Cas9 DNA
CRISPR/Cas9n double nick Cas9
(Cas9 nickase Cas9n)
sgRNA DNA
sgRNA(A/B)
Cas9n
DNA
DNAH2 17p138!
DNAH2 4 427
500 kDa (NP_065928.2)
DNAH2 P-loop-NTPase
(Walker A

Walker B )
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(131 DNAH2

DNAH2 CRISPR/Cas9n

DNAH2 U20S

DNA 5]

DNAH2 DNA

DNAH2
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