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F F CRISPR/Cas93% N1 i2 By PR MEIS2 E K HY
HEK293T A 1'% 2HA0 &

FRB B A A & TRFE ‘m O RrEY A R XER
T & KEA B OFT AXE”
(RIS ARk 2 5, FHIH 434005 2o 1S 2R 5, AL W B 25 B ML V005 B e LR 22 S,
S L R R 560, o 300020; LA T 2 5 B A0 0 3%, KK 11 075000)

(Aag

#ZE  CRISPR/Cas9 % 4tk H —Fr#7 AL 69 3K B 40 % 2K, F) A A L%+ 69 &) FRNA(single-
guide RNA, sgRNA)/§ 1R & A 69 Cas9%k @ 5 A& B 40 ¥e & 45 5314 45 604 52 LT K F ZADNA#Y
HE AR, 1 e 69 A F ZADNAE i 3F B R K 5% 18 45 R F R E AL 69 7 N#ATIS 5, i Z A
ER. BNF. MEIS2E T —X 3 AR T0R R &4 ZE TMEISE 4%, #F 7 &I, MEIS2)~
ZA G RS 6 F-HK B BTG 69 K A KR, AR K IRV R 69 b B AT R RARE 2. AR AT
MEIS2 3K B A i) 49 2 fie. 3, 3%t B A~ #e.6) MEIS2 3K ] Exon3#42Exon8#9sgRNA, i# i SURVEYOR %>
Hr B Western blot# ], #IA T PFrikitsgRNAG A 20k, ¥ —F i@ 3T 4 i 46 & Western blotAa ] I
i A8 8 SR MEIS2 3L B ¢9HEK293T 40 Je k. 3 /a, BT 5 3] M #HIAMEIS2Z £ T B AR X,
4 L PiK, iZ BF A A) B CRISPR/Cas94X R s # 5 7 74 SR MEIS249HEK293T 4@ bk, h A7
MEIS26) 2 i Aot Rl AU 34 T A 2L T2,

487 MEIS2; CRISPR/Cas9 % 45 ; L R fili 4

Construction of MEIS2 Knockout HEK293T Cell Line by
CRISPR/Cas9 Technology
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Abstract CRISPR/Cas9 system is the newest gene-editing technology through constitutive expression
of nucleases Cas9, which binds to specific site in the genome mediated by single-guide RNA and induces double-
strand breaks (DSBs) at desired genomic loci. DSBs induced by these site-specific nucleases can be repaired by
error-prone nonhomologous end joining (NHEJ) or homology directed repair (HDR), to generate gene-specific
knockout or knockin cells. MEIS2 belongs to MEIS transcription factor family with conservative homeodomains.
Studies have suggested that MEIS2 is a potent regulator of development and tumorigenesis, but the mechanisms

are still unclear. In this study, we designed two single-guide RNAs targeting the Exon3 and Exon8 of MEIS2 gene,
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which encode its two homeodomains. We measured their gene-targeting efficiency by SURVEYOR assay and West-

ern blot analysis. Through dilution plating, we isolated a monoclonal MEIS2 knockout cell line. Sequence analysis

indicated that it contained freamshift mutations in both MEIS2 alleles. In summary, we have successfully employed

CRISPR/Cas9 system to construct a MEIS2 knockout cell line, and it will be a powerful tool for studying the func-

tions and related mechanisms of MEIS2.
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[FE v BUAEE R 264N, VIEIIDNA K AL [R5 E 4,
o A5 BB A B R DR ZH A, DSz B PR P R
MU B RALEE

MEIS2J& T~ — i B LR ~F 1) [R] U5 & % s R 7
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53R 3% Invitrogen 28 &) 7, AR 45 90 e 45 S e % 1E
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(A) U6 cBh  NLS spcas9 24

A NLS

-
. . . . . v
Guide sequence msertion site 5’-.. AACACCGGGTCTTCG AGAAGACCTGITT T AGAGCTAGAAATAGCAAGTTAAA .

||||l||||IIIIII|||||||||||||||||||l||||||l|||IIIIIII

3-.T TGTGG{E'JC.-\GAAGCTCTTC TGGAC! -\A.XTCTCGATC TTTATCGT TCAATTT... -5°

B) E3
MEIS?2

4
4

K Target PAM ===,

Genome locus  5-... TGTT AGC TCTGGICIT IGAGAAGT GC GAGCTGGCGACCTGCAC ... -3
3'-... ACAATCGAGAC CAGAAACTCTTCACGCTCGACCGCTGGACGTG. .. -5°

-
b T
-
Va -§~-
~—
-
-
h‘h

E8
MEIS2 H_H_H_I_-_I_I_I_H
~
- - . - \NNN
- So
- - ~
- Sso
b Target PAM Sso
Genome locus 5-... CTGGTACAGGI GACGATGAT GAT CCGGATAAGGACAAAAAACG.. -3’

3'-... GACCATGTCC ACTGCTACTACTAGGCCTAT TCC TGT TT TTTGC.. -5°
A: PXASSIIURLEE M, 4524~ Bbs TR YI {7 55; B: Exon3/8-sgRNA [ #E [ {1 517 B & H i B fIDNAJT 41 .
A: structure of plasmid PX458, which contains two Bbs 1 sites for the insertion of sgRNA-targeting oligos; B: the genomic sequences around the
Exon3/8-sgRNA-targeting sites.

Bl H#ZEREMEIS20PX458 BTk
Fig.1 Construction of MEIS2-targeting PX458 plasmids

%1 MEIS2-Exon3/8-sgRNABAXEHEL 551
Table 1 The oligo sequences of MEIS2-Exon3/8-sgRNA

il 5 RNA HLATRT )

sgRNA Oligonucleotide sequence

MEIS2-Exon3-sgRNA F: 5-CAC CGG TCT TTG AGA AGT GCG AGC-3'
R: 5'-AAA CGC TCG CAC TTC TCA AAG ACC-3’

MEIS2-Exon8-sgRNA F: 5-CAC CTG ACG ATG ATG ATC CGG ATA-3'

R: 5-AAA CTATCC GGA TCATCATCG TCAC-3'

(A)

(B)- -

PX458 PX458-MEIS2-Exon3-sgRNA PX458-MEIS2-Exon8-sgRNA
A: 3% AL (10%); B: 2306 FALEF(10%).
A: microscopy under bright field (10x); B: microscopy under fluorescent field (10x).

E2 FRAEERHEK293TZRAR

Fig.2 Plasmid transfected HEK293T cells
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(A) 6}@ (B) s >
. W@@ < «1»“% @0&& by g\{&@ < «}3‘5% @*0000’%
(=]
0 — - — 700 —— vou
500 ——— gy 3 500 — D SNEE S
400  — woik 400 =—— - X
300 w— ok 300 =— - el
200 e | 200 m—
75— Te— -

Indel (%) 34

Indel (%) 30

A: SURVEYOR} HTExon3-sgRNA [ %, PX458 A H % ; B: SURVEYORZ) HrExon8-sgRNA A i, PXASS A TER R . T/ Ebrid N

MEIS2ZE DS 51 B B, FORBAL IR0

A: SURVEYOR assay of Exon3-sgRNA targeted effect, and the PX458 was used as negative control; B: SURVEYOR assay of Exon8-sgRNA targeted
effect, and the PX458 was used as negative control. The asterisks indicated the expected MEIS2-specific fragments used to quantify indel frequency.

[E3 SURVEYORZ%}#TExon3/8-sgRNA R BRI %
Fig.3 Exon3/8-sgRNA induced indels measured by SURVEYOR assay

FIFuGENE HDAE 5 % 4% 38 77, 4 Jii KiPX458-ME-
1S2-Exon3-sgRNA F1PX458-MEIS2-Exon3-sgRNA %
YLHEK293THMI, VA=A (1 #AARPX4581E JBH 14 %) et
TER BB PRI, SXIRAMLL, T
PX458-MEIS2-sgRNATHEK 293 T4 Jil £ 1 35 i 4
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2.3 FIFCRISPR/Cas9 A%t s S EIHEK293T
EEZEDNA

HEK293T4H il 4% Y<PX458/PX458-MEIS2-sgRNA
kL )5, IE % 5% 7748 h. FIDNeasy Blood & Tissue
Kitik 7 S 3R BUE R 4HDNA, PAHAE B #E4TPCR
T3, 3 A4 4 5 R 2H TP Exon3/8IX 4, % ESUR-
VEYORIR ) & 8 /E 2 BRI AT ¥ A, FH2%35 T W 6t
AT 3 Mo B JE FH BRI € B A v D) B Rk,
K ILExon3-sgRNAFIExon8-sgRNA S 1 7] i B Al
Iy, FHOIEICE S ) N34%F130%(K13) .
2.4 F|FCRISPR/Cas9 % 4t = 3 At BRHEK239T
YR AEMEIS2H 335

K CRISPR/Cas9 £ 4 % Py 5 3[R % ik 7K °F
[KIFE I, 45 5% JLPX458/PX458-MEIS2-sgRNA Jii Fi ]
HEK293 T4l i35 7748 hja, WU (A FF fh #E4T West-
ern blotfill. 4% 4L [ HKPX458 )KL THEK 293 T
2 i A R B A B 7K S IMEIS2 88 [ 3Rk, 1 % %
PX458-sgRNAJii i THEK293 T4 ffl IMEIS2% 1

Fik/K VR T, SSURVEYORZ Hr i) &8 % —
34, Exon3-sgRNA%{Exon8-sgRNA |~ #fMEIS2 £ 1
(2B 7K 58 B 2 (114) 6
2.5 IR ERPRMEIS2HIHEK 293 T4 Btk

N Tk — A R R 8 R PR MEIS2FFTHEK 293 T
G, FRATIE i I oy 3 1 5 T BN e G PX 458/
PX458-MEIS2-sgRNAJii #i [FTHEK 293 T4 Jid 2 fh &2
96fLHR T TR . Hhik B o 4N AUk 1E 1T Western bloth:
I, B RE 2 R FRMEIS2HR (A ik 4 ia bk . 4
KISHT7R~, Exon3-sgRNA 4# A MEIS2>H- 5 i 5 1) 41 i
Pk, Exon8-sgRNA 3#KMEIS2 524 Rl b4 (19 4 bk,
I 3R A7 3% $#Exon8-sgRNA 3##1Exon3-sgRNA 4#4f
MbkdEAT T — 25 E

)
?‘fﬁb i

MEIS2

a-Tubulin

[Zl4 Western blot#&;lExon3/8-sgRNARYEB [A] Bl PR SR
Fig.4 The targeted knockout effect of Exon3/8-sgRNA
measured by Western blot
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Exon3-sgRNA

Exon8-sgRNA

PX458 1# 2# 3#

44 1# 2# 3#

MEIS2

o-Tubulin

El5 CRISPR/" S5 25 /5 7 F Western bloti 8 55 2 MMMEIS2E AR iA £
Fig.5 Western blot analysis of MEIS2 expression in the monoclonal cell lines isolated after CRISPR-mediated mutagenesis

(A) sgRNA

PAM

WT

S“TTGTTTCCTCTGTTAGCTCTGGTCTTTGAGAAGTGCGAGC TGGCGACCTGCACT

CCCCGG-3'
—6 bp

TTGTTTCCTCTGTTAGCTCTGGTCTTTGAG

CCGG
-1 bp

............ GAGCTGGCGACCTGCACTCC

TTGTTTCCTCTGTTAGCTCTGGTCTTTGAGAAGTGC--AGCTGGCGACCTGCACTCC

CCGG
(B)

sgRNA

PAM

WT

5-CACCTGGTACAGGTGACGATGATGATCCGGATAAGGACAAAAAACGCCAGAAGAA-3'

+1 bp

CACCTGGTACAGGTGACGATGATGATCCGGGATAAGGACAAAAAACGCCAGAAGAA

—-17 bp

CACCTGGTACAGGTGACGATGATGATCC

GCCAGAAGAA

A: MEIS2-Exon3-sgRNA 4# 7 455 . IKEBARZFRIC A AT thsgRNAFE 51, A 244 APAMJF 4; B: MEIS2-Exon8-sgRNA 3l 7 245 5 . K4
BIRZARIC A T BT sgRNAJT 1, IO = A APAMF 81, RHA I R AL 5 4 N (R ik o
A: the sequences of MEIS2-Exon3-sgRNA 4#. The sgRNA target site was shaded in gray and the PAM was labeled in overstriking; B: the sequences

of MEIS2-Exon8-sgRNA 3#. The sgRNA target site was shaded in gray, the PAM was labeled in overstriking and the inserted mutation was marked in

overstriking and italic.

El6 24 # supE AL B f9sgRNANL S AIHEN /BRI TE

Fig.6 The inserted and deleted mutation of the two monoclonal cells at the sgRNA sites
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i B R A g B . B T S0 8 A B CRISPR/
Cas9 R 4t, N AL 2 4010 B F6 B T A% R N V) I
(zinc finger endonuclease, ZFN)F S 5% B0 ] - Rl w7
W) ¥% 1R I (transcription activator-like effector nuclease,
TALEN)', ZFNAITALENIE I DNAZE [ 5 #E f b AT
R PERIR A ZENH I — AN S5 4 BT RE RS TR )
=AML P4, T TALENG#E i RVD(repeat variable di-
residue) /1T HOO 4 S B PR TR, AR B 4 45 1) 5
JCERVDA &, 0] LA T 45 &4 =k K 2H ' DNA ST
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BRI 2 /7. M CRISPR/Cas9 £2 G0 ) 41 s (R R I A st
TsgRNA 5 #EFRDNA Z [H] (58 S BANEC RS, PRI, £
XoF A [ PR A 7 B 423 bp K/ IIsgRNA, 13 15 5
RIR TR REE, 5T 548,

TECRISPR/Cas9#y At B 2 #iy, 75 4H M /K ~F-1F
FtHE IR 1 I g 2 R FIRNA T B R . RNAT-
FEAR AT R I S REABLERIE T vk, (2
RNATHL BRI P DA K AN RS 4 2 5 M %o 56 (R T
() 1IE A5 4 . CRISPR/Cas94% A BE % 7 3 [K 41 /K °F
& AR TR, AT R H R, R BRNATHLH,
ARBEE TR DR A 2 L H . U — Tt 5
) FHCRISPR/Cas9 4= J& R 41 3L 2 57 A i 346 22 ¢
FIRM 25 5L ], ) 038 ) 7 AR BERNAT-HE S0 K
T PR 24 AF G HE R 21
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