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[(FZE] Aditm T MR SZIA (T Cell Receptor, TCR) HEPHf) CRISPR ~ Cas9 KE[A 21 g4 R4,
B&T pX458 Uk AL 1] TCR £:[A B 4% C XY CRISPR - Cas — sgRNA iy, I H A% YL HepG2 41 R, AU
AN AAS A% e sb e s e 48 h 52 HL HepG2 21 L2 DNA, ¥ 84 &4 g0 i i o B, )T 4 ir
R B R RAE s X BRI (4 3G 4 B T — A SERE S T 0T, AR S e R A AL E, RS S
YRR L R g A, 45 R R, W@ S 3 Fli sgRNA P51 (N1, N2, S1) [ pX458 — sgRNA
BRL, HAE YRR 38.5% (N1) | 39.7% (N2) F124.2% (S1); B PCR =T 75 & 30,
S 14y BRAEATHOAL B L I e s T — A SERy KRB, 20 Sfef 4 N RAE T HRFHRE (20%), 454
HYR (24.2% ) TTHEN, HEBECRAN 83%. W UL, A SCHL T EE R ] TCR JL A () CRISPR - Cas —
sgRNA JFoRL, FR%5E H 35k B g S A0R 5 1) —Fh sgRNA J751.
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Abstract; To establish a TCR-targeted CRISPR-Cas9 system for study of TCR functions, the CRISPR-
Cas-sgRNA constructs targeting TRBC were made based on pX458 vector and transferred into HepG2. The
transfection efficiencies were detected by flow cytometry (FCM) after 48 h. Subsequently, the genomic DNA
of HepG2 was extracted and a fragment covering target sequence was amplified by PCR and analyzed by se-
quencing. The fragment exhibiting overlapping peaks in target sequence was subject to T-A cloning. The se-
quencing results were then analyzed to confirm the occurrence of indel and calculate the editing efficiency.
The results showed that three pX458-sgRNA constructs (N1, N2, S1) were made. The transfection efficien-
cies were 38.5% (N1), 39.7% (N2) and 24.2% (S1), respectively. Sequencing results of SI fragment

exhibited overlapping peaks. After cloning and sequencing, 4 of 20 S1 clones showed sequence alteration.
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Considering the 24. 2% transfection efficiency, the indel efficiency induced by the sgRNA - S1 is approximate
83% . CRISPR-Cas-sgRNA constructs targeting TRBC were successfully made and a type of sgRNA has been
identified for high-efficiency genome editing.
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T AR (T Cell Receptor, TCR) PeiE s T bk 40 B BT UM R 5, 7 e Ui h
EAEEMEEEEN. B RS R HE A TCR BER 5 A Xm0y T 4000, K 68 0% I T 40 i 1Y
PUSIRBIRE S, Clay 25 A\ 78S 00 ZRBEH E JEAT ROAR DCRF S 1 Je W1 T TCR JE R ke T 240 ffa f) T
PP, BTSRRI D Y RS AT B A T IR TR T — . SR, FEREA MR
TCR B T AN AFAE 2 B o BEFN 2 B B B, NUEME o FI B HEZH UM TCR J3F 2400 B3 B A 1Y,
AR o F1 B HEA A TCR 23 FHUERBIR AR W, ERENIE o 55 55MNE B #EsNTR B 55k
HMIE o BEZEDE R 245 TCR 20 FIAATEE A EN:, A5 A S5 520 H B etk pis iy il 6E,
ZRTHRETE S T i T X A4 TCR BUFEAE. R, b akbEfa k& TCR 23 7% F TCR JE A i i
T ALl R B A R E B0 5 . B 2 8 s g B BRI TCR R Ry, MR &
IS Y S A AME TCR R T B R A 22 Rz —.

AL % % (B) BB 4d m] S E & P %] ( Clustered Regularly Interspaced Short Palindromic Repeats,
CRISPR) &7 40 TR RN 20 TR v 02 AR FE I B TR 4 4, T T R e T 1 4 AR 35 4% ) o /g A
B R GER S ST B A & (15 (CRISPR — associated, Cas) 41/ T CRISPR - Cas &%, B
] THEE () DNA JP81 L4536 AT B VR . I AF R A TR Lot pl 7 — ol w5 81 2 447 2 it
BRAYSE K TH, ARG T — 2514 A8 B ek . A#FFE 3T CRISP - Cas9 RGTHHE T #U 1]
TCR 3% B 5 C X KK (TRBC) By4miBmBial, 2 3|5 Jeger iy a8, A58 R e 40 i bk
HepG2 AU T AHAEIHEA T4 A ACR Y SR UE AN 2 B sgRNA P SO0 18 , - DAy A Py skt o 20 M 2 2t A 2R
T T A HEAT TCR DN BER A BT 27 25 1 BL ).

| RS
L1 #8

pX458 BRIl F 2 [ Addgene A7) ;5 BRI EE K BRI W &40 B Axygen A W] ; EasyPureR
Genomic DNA Kit I b i &N YH AR AR/l ; DHSo B2 4002 . T4 PNK B, Taq i, Bam-
HI 71 EcoRI W [ Takara 23w ; T 204K K T4 #H: H 25 [ Promega /A7) ; Bbsl 82 N VIS H NEB
/NHE]; X —Treme GENE HP DNA transfection reagent Il H &[G/ 6] ; RPMI — 1640 15 3% 2 A0 G 4 107 15
1y H 22 [E Hyclone /A7) ; Opt — MEM 32 5L H Life 2\ 5.

1.2 7k %1 3%t sgRNA BB 51

1.2.1  sgRNA BEA7 S350 DU S AL IR BE 4 i, Tab.1  Sequence information of three pairs of sgRNAs
LI TRBC JEPS—Ah G FIFAIhat s, A seRNA Sequences

DNAStar % {f 8% % 2 I8 http ://tools. genome-engi- S F:5" ~ cace - gCGCTGACGATCTGGGTGAC -3

R:3" = ¢cGCGACTGCTAGACCCACTG - caaa -5’
F.5" - cacc — gATCGTCAGCGCCGAGGCCT -3’
R:3’ - cTAGCAGTCGCGGCTCCGGA - caaa -5’

neering. org Myl % i1 TRBC Guide RNA, sgRNA
BLIFIEIR 5" - G (N) yNGG - 3"y PAM 45 N

F BT IR, 20 AL 7RG LS S cace - ITCTACCGECTCTCOGAGA -3
BT 45 T ANEE IS, A e L S R ER i 57 — CACC R:3" = cAAGATGCCCGAGAGCCTCT - caaa — 5

=3'F15" ~AAAC =3'Fp3 (WL 1), fHGR &
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JE T RS BbsI B 5 E AR 14 K .
1.2.2 pX458 — sgRNA #fAky s

B 3 %F sgRNA SAPCH AL 300 ng/ k., JNme — Bk WAKRIT : 4.3 pl sgRNA - F, 4.2 plL
seRNA =R, 1 pL 10 x T4 buffer, 0.5 pL T4 PNK. ¥ W& Z & T PCR ¢ 37 «C, 30 min; 95 C,
5 ming SRJFBCERERSE, MRMIARESFTRES C, HERIZER.

W pX458 Bk T 37 C 4 Bbs 1 il FFY), it %0 1% W 3EIevE e ik ot s, VIeziftk
W glidb)s R 2 5 5 3 i sgRNA R Bl rie s (Wi el 1:10) , #4W% fk DHS o J3%
AWM T 37 Cid &GS A RIPkELS Ak, FIA LiES1H U6 (5" — ACTATCATATGCT-
TACCGTAAC -3") FI4¢ sgRNA [z LEESHA TR PCR %72, BHM: FE L A wl k4710 5 431
1.2.3 pX458 —seRNA #4t HepG2 4 Jig

B KORAS R 4569 HepG2 41, BB ML/ iH 4, BEM T 6 LA (2 x 107 cells/well ), F
37 °C . RFRGECH 5% 1) CO, 4 F i 5%, 5 KA X — Treme GENE HP DNA transfection rea-
gent FEATEE YL
12,4 S Q33 RG]

T pX458 Bk GFP 36 H, FEfE Y 48 h JS7H AL, F PBS Yhik—i f5 L 1 x 107441
JHL ) PR K A SRS T e iR
1.2.5 JEP4] DNA 35 H0F1 PCR 344

Y 48 h J5 I 4H A H] EasyPureR Genomic DNA Kit $2HUELKZH DNA, DUH AR, 7
5 R E SR8 — X5 (KF: 5" = GGGTCTCGGCCACCTTCTG -3'; KR: 5' — GCTGGTCT-
CACCTAATCTCCTCC -3") 47 PCR ™34, 434 71y 28 BBt I v Uk Rl /5 326 2wl
1.2.6 PCR =" T - A sgf 57

2L P53 H %) PCR P24y, YIRAfb)G 5 T 8%z, Ak DHS o 832 25 20 i J5 Pk B o
HEATIN 53 AT

2 R
2.1 pX458 - sgRNA iRy

pX458 ki Zeid Bbsl BEVIE 28 1% (Bt /%) BRIRMEEERS B Ik oA, 45 RAN1E 1a firos. L)
J5 1) pX458 FURLARA K/NERS, AT LA THE T RS sgRNA FHXT R B 3E DNA 7 Bei iz, &4
%4k DHSo 2SS, PRICA & 4T PCR 28, BHPESEREREATI R 200, 4558R (LI 1b) &
7N, sgRNA FFFI AT [ 5¢ 4 1E 4.

pX458
cut uncut

bp

10000
8000
6000
5000
4000
3000

pX458-51 e
pX458-N2 el
pX458 G
PX458-N1 G

Guide sequence

(sgRNA)
a. LYk 43 # Electrophoretic analysis b. BHPE SC B Positive clone sequencing
1 pX458-sgRNA HkH &
Fig.1 The constructs of pX458-sgRNA
2.2 K& pX458 — sgRNA Ffhxt HepG2 ZHAE R AUFE L
YA DAL Y 48 h J5 & ZH A0 GFP AYSRIATE L, 45 R AN 2 7R, pX458 — sgRNA - N1,
pX458 — sgRNA — N2 Fll pX458 — sgRNA — S1 (55 YR 53k 38.5% . 39.7% F124.2% .
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2.3 pX458 —sgRNA & EH KX HepG2 4AE 3 B 4R 48 R IS IIE
ORI Y AL R FE N2 DNA, ik &5 2R (ULIET 3a) KW], Fris DNA ZRAFHM, Bohses,
PAHOAREAR 24T PCR 974, BoUlR Ml e sl A 4528 (UL 3b) Ko, 7E£4 200 bp 4b 3L H ) 5.

M S1 N2 N1 Control ' M S1 N2 N1 Control
bp bp
2000
1000 600
750
500 300
0] 200
51 300 Control 250 Pt
] 100
w = a. FEK 41 DNA (1 il bk b. PCR ¥ 14 F B iy vk
o Electrophoresis of genomic DNA of HepG2 trans-  Electrophoresis of PCR amplification
G fected with different pX458—sgRNA construct for editing site
B 2 &4 GFP pX458-sgRNA i 3
HepG2 4 A B 1 2 46 il B 3 #HEFEFEZE DNA WIREE PCR ¥ &
Fig.2 Transfection efficiency of three Fig.3 Electrophoresis of genomic DNA and PCR amplification after
pX458-sgRNA constructs in HepG2 cell transfection with different pX458—-sgRNA

¥ PCR = ELEEINF 00T, R0 pX458 — sgRNA — S1 562 A5 sgRNA FEFI 455 18 A3t Ak 7
GBS (DL 4a) , Tfi pX458 — sgRNA — N1 il pX458 — sgRNA — N2 13384 BRI &, K
pX458 — sgRNA — ST JFrRr HAT 54 ) S B AR

Upstream KF primer
. KFprimer

GCAGCCGCCTGAGGGTCTCGGCCACCTTCTGGCAGAACCCCCGCAACCACTTCCGCTGTCAAGTCCAGTTCTACGG
N1 CGTCGGCGGACTCCCAGAGCCGGTGGAAGACCGTCTTGGGGGCGT TG TGAAGGCGACAGTTCAGGTCAAGATGCC
N2 N1

— TR
GCTCTCGGAGAATGACGAGTGGACCCAGGATAGGGCCAAACCTGTCACCCAGATCGTCAGCGCCGAGGCCTRGGGT

CGAGAGCCTCTTACTGCTCACCTGGGTCCTATCCCGGTTTGGACAGTGGGTCTAGCAGTCGCGGCTCCGGACCCCA

S1

AGAGCAGgtgagtgggecetggggagatgect ggaggagat taggt gagaccagetaccagggaaaat gganagat
N2 TCTCGTCeactecaccceggaccectetacggacetectetaatecactetggtegatggteecttitacettteta

P ———
Exond | Introni KR primer Downstream

a. %20 PCR 7= ¥ 15 43 7 b. % sgRNA 7 5E R4 _F Ay 43 A 15 0

Sequencing analysis of PCR products of different groups A diagram showing the sites and directions of sgRNAs

E 4 #E TRBC WEFEAREIRSMUADH
Fig.4 The effect and sites analysis of gene-editing targeting TRBC

2.4 PCRHYIHT - A ESNFLER

H pX458 — sgRNA - S1 5L 20 ) PCR =15 T #ARERLRL L DHS o S22, BEALBEIE 20 4> P
SERESEATINE 23T, SR (WLKS) EUI, A4 D silEre sgRNA BN R AR TIEERIRA, 1815 i
S HrdE g SNP A7 ad, Al WA b B A SE0F BRI S R A T 97, R IW1I% PAM 37 5 (19 SNP X 2 48 15
A3 B R R



5 4 3 HRZLA, 4. CRISPR - Cas9 RGUAE 0] 4 TCR JE[H ) sgRNA ffi 1 - 269 -

SNP

|

Control
a1-2

SgRNA

B 5 sgRNA-S1 AN F >
Fig.5 Sequencing analysis of different clones of sgRNA-S1 group

3 i

TCR S MM T 4000 (TCR —T) HUFMRIAYT H 25 5o B MR RS, 2R S 0 7
TFIE. SR, Z¢45 TCR 4r FHIFFAELAZR TCR — T i F o R ] Z P A B A =2 —, PR I 5 o A1 o
e TCR A T RS N EE . HET, JLABIFNAMEAT T mmy st >, E 54k x
TCR 43 F19 C KAk , JRASHUS T — @ vt R, (LR AR TC 1 AR AR b i — ) B o 25
PRIZH A S B AR I R, AR SO X —H RSB K 4B P9 B TCR JE PR BB, AR5 TG A 28 i
FEAMNE TCR JEP, BcREsE T LIRS A 22 & TCR ] i,

FEABFFEH, &FxF TRBC #5631 T 3 AMEERG seRNA ¥, % FEFI LN 14 B4 TRBC JE[H &
37, SRR X TR 0 T T B R i IR, i T C X SR 7E R R 25 A 4
PP R 2 s (A —RE R, R, RSO R R bk HepG2 AU T AN HEAT 5006, 253,
ARSI sgRNA - S1 RE#EXS TRBC $E 76 RUb A4, 254 % B 24. 2% (% YLl 20% 1y 5878
TERER, sgRNA - S [IERSEE0% (A iR/ R CR) 290 83% . [HAREEINE, RAERDE
() 4 D TR AR, ELIR AR AL S R EEES —FE. 22T Cong 457V A1 Mali 257" gy 52365 B 7R
T AR B, KT Li 22 R CRISPR XA RILIREIF [ REHEAT PDS JEM 5 S ki, 45 R
R, FERF PR BEAT LS BR800 . R 2Rk BE Bk s 34 A, T7E LRI I
W& SRR S , BEM] CRISPR/ Cas ZRGe X A FIAEYI IO i A A 22 5. % BB AHIF 52 BT 40
2 R A, HAR RIS (NHET) HUHIAR T R85 IE % AN AR IR, 3 D2k 37 56 PR 2 5 e
) P53 LRI 7EAR Z2 bR v o A T 985X — AT AW, IHAh CRISPR/ Cas R 40 4 AR A 1] fiE 2 2
YL RESHY | Y (PR TP (L LA R AR B A 25 1 R e, PRI A S8 v % BB — B S A AT
Re S i T2 B A B R R e, AR AR HE— B R ATRSY. B AHISY, A SCResfE T
e TRBC PR BEATA U0 seRNA JF 91, R A5 3 T3X — 8 AT 5 400 28 4 At 2 LA /6 T
S PP EA TR BF ST 2 5 T SR
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