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ZRB OMERA RN
AR TR R 24 B, BUM 310018; 258 = ZE 2 KA Th g BBt , AEWia 77 by, 400038 FEJK)

WE 1A £ 240248 54 5 A4 (major histocompatibility complex class I, MHC I)2 i A,
R IR HEFF 09 E F 4 T, % A5 ) A CRISPR/Cas9(clustered regularly interspersed short palindromic
repeats)4& K ¥216) H B2 3K & & (beta-2 microglobulin, B2M)IE 2 52 FUMHC 149 8%, S+ F A= 4m
B HATINIE, &iH4HTB2M A H 49 gRNA(guide RNA)FF4 3 2+ 57 49 CRISPR/Cas9 & B Sk iR it
Az, B i F LS ARIE R B A Cas9% & 5 gRNAE R 69 70k Bk B 45 AHEK293 40 2, # 47 %
B &k 5 A R EE, AX LT FIHEK293 B2M I M 40 /e, 32303 5 B 28 512t gRNA¥e ) X
IR P R 3R AT R A-Bask X XA (polymerase chain reaction, PCR), #4PCR = 415 3£ THAR N 54
WA R AT BRI, B, AR R4 R IR A B4k X URHL (reverse transcription-polymerase chain
reaction, RT-PCR)% 5% B 52 & 3% J I & B 4% X R (Real-time polymerase chain reaction, Real-time
PCR)M| % B2MA B ERNAK-F 69 k3L, 42 LTk, AR LI T —HF 5] CRISPR/Cas9Fk R b ik
B3 KRG T A T EIRB2MK B 09 77 i, LA M T A2 B 69 40 i F B2MA B R A, A
K FHRARE, BRLINMIER L, T ARMB AR EHFAAXEALLELE K.
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Preparation of B2M™ Cell By CRISPR/Cas9 Technology
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Abstract  The major histocompatibility complex I (MHC I) is an extremely important molecule that causes
immune rejection. In this study, they used CRISPR/Cas9 technology to target its B2M (beta-2 microglobulin)
subunit to achieve MHC I knockout, and verify the deletion efficiency on molecular and cellular level. The guide
RNA (gRNA) of B2M gene was designed and constructed to the CRISPR/Cas9 knockout plasmid containing both
Cas9 protein and gRNA. Then the plasmid was transfected into HEK293 cells by electroporation systems. After
that, HEK293-B2M™ cells were sorted by fluorescence activated cell sorting, followed by extracting genomic DNA
from B2M knockout HEK293 cells. The polymerase chain reaction (PCR) was performed for amplifying either
the gRNA targeted or potential off-target regions of genome. The PCR product was inserted into the T vector and
analyzed of targeted and off-target efficiency using genetic sequencing. At the same time, the expression of B2M
gene in RNA level was detected by reverse transcription-polymerase chain reaction (RT-PCR) and Real-time

polymerase chain reaction (Real-time PCR). In conclusion, this study developed a rapid and convenient method
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for knocking out B2M gene using CRISPR/Cas9 technology. After detecting, it demonstrated to successfully

introducing frameshift, insertion, deletion and single base mutations in B2M gene, and off-target phenomenon was

not found. It could be a great application in solving the problem of immune rejection in the future.
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B2M(beta-2 microglobulin)J [ & i T 155 4
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effector nucleases, TALENs)!" i R A tL B F 7 84
B AR B, A BORAE S M B P 4 R ) Sk
PLEE DN 41 4 4501, ACHIT TR HCRISPR/Cas9 i A
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HEK29341 il H 5 AP it S o . R
KR KipX33004 3L Addgene AT o KT Top 104
PREA SIS = KR AE . IRWIVENVIBEBbs 1. T7TH#
TR N V1B ENEB/A 7]« Annealing Buffer for DNA
Oligos(5 X)W H = KAEVH AR GIRAF . T4 DNA
HEEN. REICGRFI & KR &, RNATEEL
IR & 18 H Promega /s &) . GelrediZ R 44 K 4 H
BiotiumA 7). fG4-11iE. DMEM basicts 77 235
H GibcoA A . PE-B2MI 77 [ $i 14 1 H Biolegend
AF]. PE-HLA BE7r ¥ 2 e BEHURIE H Abcam A 7] .
DNA Blood Mini QIAcube Kitl4 F Qiagen’/A &) . Mighty
TA-cloning Kit. 2XPCR Solution Premix Tag™. /%
5 # . SYBR Advantage qPCR Premix 1314
HTaKaRaz Al. 2% H % &= AP x-galii M.
IPTGVE S Fopth 73 A 453508 B A4 TAYI(EiE)
TR AR A
1.2 7
12,1 pX330/ ket K HApX330(E 1) R
il P N VI BEBbs T AL, FH Bt R A 5 Fis HL 9k o 58 sz ]
WG, —20 °CIR A7 % H . MR 4EgRNAB T M ibhttp://
crispr.mit.edufs? A 1t B, % A\ — B TU4T 42 IDNA T
Hl|, R G REAL T BRI gRNA(RL T 1540 i

ué6 CBh NLS hSpCas9 NLS
pX330: hSpCas9
+chimeric guide RNA
—’—— -------------
—"- ___________
geEs e e e
LEET O T e e e g
.- - Bbs1 Bbs1_, T ——
Guide sequence 5" - . . KAAGGACGANACACCGGGTCTTCGAGAAGACCTGTTTTAGAGC TAGAAATAGCAAGT TAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTT. . -3°
.q R L R N R NN NN NN N NN NN NN NN n NN n R RN R
Insertion site 3"~ . TRTCCTGCTTTGTOGC CCAGAAGC TCTTCTGGACAAAATCTCGATCTTTATCGTTCAATTTTATTCCOATCAGGCARAATIGAACTTTTTCACCGTGGLTCAGCCACGARRAA, . -5
Guide sequence §*- CACCGNNNNNNNNNNNNKNNKKKNN -3°
LAy
Il’lSeI‘t 3= CNNNNNNNNNNNNNNNNNNNCAAA -5

Bl pX3305hin=E
Fig.1 Schematic diagram of pX330 vector
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F_b)o VTN INBbs THEVIAL s FIgRNA _E RS9,
sg-B2M-up: 5'-CAC CGA GTA GCG CGA GCA CAG
CTA-3', sg-B2M-down: 5'-AAA CTA GCT GTG CTC
GCG CTA CTC-3'. L N5 9018 K 5 K18 K =)
5 p X330 1) 7= 4 147 3% B2 e AL Top 10K J AT B
JERAZAS AL, PRI B VR B IR R SRS R . I Bbs |
Filg 1) % 72, BRECBH 1 v B o Rk R i 4 W e AR R
Fe A R, W IR 5 RLREAT K S 4N
pX330-sg-B2M.

122 wiRAREARAE  HEK2931ILE10%
FBS DMEMZE il 52 35 52, 37 °C. 5% CO,2& 11~ 84
Fi, PP MR AS R4 o A JER I v 1 40 P, il B TR
buffer(¥ 5k 5 240 A 201, 40 % A5 %10°mL.
L% LAY 2% (Thermo A 7)) H iy B A E HL10 nL 4 g
BT AR, e AR 1 400 VL 30 ms.
Mo 20k, FEL T 58 UG 40 B S 225 500 pL e X
Piv E10% FBSEFRFEE 2450 h, #8515 B T 15 9%
FAREFE. 24 hN BE 4T 5 (1 15 IR B (0] &5 XU, Jig 4k
BE IR R 2~3 K T R e R R R AT

123 AWM E R A HEEHBPEEIRAR
B, HUCA LG 401 A LG I 4T 51 <1084, PBS¥E2
i, 195 uL% 1% FBSHIPBSYA T &, IS uL PE
Fric i ANB2M B 58 FEPUAARIRS]; 4 °CiE 30 min,
K10 min i e RE % VR 2 LIk, PBSYE2IK, Br 2%
AHIPUAK, BL300 pL75 1% FBSHIPBS AW B &, ik
R B2MBE R 2 A RIE Ko K g Be R AT 3EAT
WA B2MBH M FTHEK 29341 ffl, 1% & Piik LR S

R ], FR4k st hs 771,
124 AR%KH\BIHIE  HikfEEFE—HB2M
HEK 29341 i 37 0 A I B2M 4y 1, 6 Wl 35 [R5 36 7K
Vo PEHUIEN AL, VLB B2ME K EE ) 5] /B2M-
PCR-F.B2M-PCR-R(#1), | FHPCRJ7 V247 14 F: (A 21
H B B, I B R W B s r R Rl W H B
Bto TTAIR W VIESLE A B 1 R B S B R e R
WK, LAMNBE MR KA VIR R . Al B I B
HEFETHAA JGIE M T, BT HERCE
1.2.5 Real-time PCRA M B2M A F) mRNAK-F ¢4 &
X HEK29340 i 5SHEK293 B2MBH 1441 Al 73 %)
R T6 em¥% FF ML, £540 H % FE SA90% 22 47 I FF
BALTEAH A, ) S PR B S mRNA . ZR1F Y
mRNAHRT-PCR¥ ¥ 5% & licDNA, F HReal-time
PCRAL AN & B2MEE FImRNA /K V- ) %1%, Real-time
PCR A FH I #H 5% 51 ) W 282, GAPDH N A 5256 %8 ¥
THHIbRHEN Z 5. LLIRTS FIcDNA AR, 4% 1]
FrifEReal-time PCRIA R INFE, 3 FHABI Q37%¢ € &
PCRAX M % . PCRY ™ H4 1A Z : 2xSYBR Advantage
gPCR Premix 10 uL. 10 pmol/L1E /Z 5] # %1 uL-.
cDNARHR 100 ngddHO%ME 2220 pL. KNFETA:
95 °CTiAE 110 min; 95 °CAZPE15 s, 60 °CiE K 1 min,
A0MEIR . G5 RUIAACHE T FAR N SRk &, A5
THEER.
1.2.6 AREFRPLIELN  RKINgRNAKIT M
ity JHUIN (1) Jd AN e, B R 2 TS o DA M R Ar
A, RN R RO R A R T T AL S R

R ATHLBRERAL T S MRS S K E

Table 1 Amplification primers’ sequence and length of target/off-target site

ElEZEAS JFFI(5—3) K (bp)
Primer name Sequence (5'—3") Length (bp)
B2M-PCR-F CCT TGT CCT GAT TGG CTG GG 20
B2M-PCR-R GAC GCT TAT CGA CGC CCT AA 20
Off-target-1-F GAA GCC CTT TTC TCC AGG CT 20
Off-target-1-R CAT GTT GGG GTC CAG TGT CA 20
Off-target-2-F CAG CAG GGG AAA GGG AAG AG 20
Off-target-2-R GGC CTA AAT CGC ACT GAC CT 20
Off-target-3-F CAG CAG GGG AAA GGG AAG AG 20
Off-target-3-R GGC CTA AAT CGC ACT GAC CT 20
Off-target-4-F GGC ATG GAG TGA CAC ATA CGA 21
Oft-target-4-R AGA CGC AAG CTC AAG TAG GG 20
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#2 Real-time PCRIEEXFIISKE
Table 2 Real-time PCR sequence and length

ElEVELR S JFF(5'—3" K (bp)

Primer name Sequence (5'—3") Length (bp)

GAPDH-F TAG CTG TGC TCG CGC TAC TC 20

GAPDH-R ATG GTT CAC ACG GCA GGC AT 20

B2M-RT-F GTC TCC TCT GACTTC AAC AGC G 22

B2M-RT-R ACCACC CTGTTG CTG TAG CCAA 22

3 TN B B AL R SR S A
Table 3 Mutation frequency analysis of the predicted off-target sites

B gRNAJESY PAM He 5SS Hr
Target site gRNA motif PAM Gene Off-target analysis
sg-B2M GAG TAG CGC GAG CACAGC TA AGG B2M —
Off-target-1 GAG TGC CAC CAG CACAGCTA CAG ACPT 0/14
Off-target-2 GAG TAG_.GGC GGG GAC AGC TA GAG CXorf404 0/18
Off-target-3 GAG TAG GGC GGG GAC AGC TA GAG CXorf40B 0/10
Off-target-4 GAG TAG CAC CAC CAC ATCTA GAG PLA2G4C 0/16

RN AZ ML R TR O A B REE A o

Underline: these bases in the off-target site differ from the corresponding positions of the target site.

Ploff-target-1 415, off-target-158 /A CPT: A 1 —
BUF 51(GAG TGC CAC CAG CAC AGC TA), X Bt
JF AN RIZRARAE 1 DU AT 5(G). 6(C)s 8(A)-
10(C) 5 4T BEAL g 0 AL B Bl B AN ], FH AR #BAH A
AR B8 AL fUB TFPCR G WI(FR 1), K4 B (1 7 A= Y
N9 AE T HE DR 4334T PCR, B IR W gt e Fi ik i [ i
H 1 Fr B, 4iA0 i B R BOEBTHAR 5 W, Rl
I T o
1.3 GitEoDH

#¥5 K FHl Graphpad prism 648 114 HEAT oA 56,
PAP<0.05 B A Gt 72 5.

2 R
2.1 RIEZHKpX330-sg-B2MHAG )% E K5
WX B2MBE [K B 1T I gRNA(sg-B2M) i) 2 7=
Y HIBbs 18 24T Bl V) %5 %€, 24 D)4l A\ 2 pX330/5
WL, Bbs TR A4 s 78 2k, TV RBP4
R R M 2 8BB4 Bbs 1703 ) BI(EI2A, TKIE1),
b5 S R RE AT I 56 IE (2B, W 4 R R OR,
pX330-sg-B2M it K 1) £ il Iy o
2.2 EBRMEMIAS Sk
55 % BEHEK 2934 s 1 B2M 100%FH 14 2% 1k
F(BI3A), HL A% Gy % i BipX330-sg-B2M &, it 2

60 6} FE 20 O HEK 293 FHB2MIBH 4 & 7 5 40 it %5 1)
Ee A5 925.6%(E13B), Bl b 20 3 08 £1)74.4% . N1
B = 4 FEHEK 293 B2M Y 1 41 i 1 47 f5 22 52 40, 3k
AT X e g f AT o 2000 3, ML AR 7% . ik
R 45 B R, 4 396 15 21 10 240 i 2 1 0K $199.9% (K]
30).

HLA BT EF 285 Al 2 AT T
YRR, I B R R AR AR e AR IA BT A AU HLA
EEgFHEEER. N7 — PR UEB2ME R 2
A ATEFRHLA 57, AT R 2R B2M i B wir
JE 4 HLA 501 )RR E O, e B4 n] %, R
K& FTHEK 29340 fd HHLA 12543 1 R 4= FH 1 R0k (-
4A), 2 B2MFE R i Ja THEK 293 B2M B 14 41 i b
AFIEHLA 12850 T7(E4B), iX—45 R 5B2M 5> T
BRAT G R IEE DL — 8. X HIE TB2M A T1EN
HLA 12845 125 43 BUFL [F AR <3 WS R, Rk s
B AT AT G I R B % P A R 2R P B2MBE DR 3R 15
HLAB P40 M 2, 3X 28 20 B 7E 40 B G 9% HE S5 7T 5 40
WEATIZMN .

2.3 ERYIEE RNFHNCRISPR/Cas9FT#EIE R

3 RO AR i ¥ B2 MK TR f %o R A4 i A B 4 ik
alifk FIB2MEH M4 i, $EHEE R4, FH R 1 IB2M
BEFIPCREIWHEAT H 12675914, 433K/ 4450 bp
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(A)

10 000—
7 000—>

4 000—>

2000—>

1 000—

500 —>

250 —

(B)
Sample I 10 20 30 40 50 &0
Pl o TTATATATCTTGTGGAAAGGACGAAACACCGAGTAGCGCGAGCACAGCTAGTTTTAGAGCT

sg-B2M — GAGTAGCGCGAGCACAGCTA-—————————~—

A: pX330-sg-B2MJFURE K B D) HER FLVK 4 58 45 3% M: DL10000 DNA %5 hrife; 1: pX330/3) i Hesg-B2MBH M 52 [ Bbs 1M V); 2: pX330A&EHE
FCI B0t B Bbs THEET); 3: pX330J5 5k Bbs 1R Y]; B: pX330-sg-B2M BRI Lt
A: digestion of pX330-sg-B2M plasmid by gel electrophoresis; M: DL10000 DNA marker; 1: Bbs I digestion of pX330 successfully connected with sg-
B2M; 2: Bbs 1 digestion of pX330 unconnected with sg-B2M; 3: Bbs 1 digestion of pX330 plasmid; B: sequence alignment of pX330-sg-B2M plasmid.
E2 pX330-sg-B2M FRHIEELI L E
Fig.2 Enzyme identification of px330-sg-B2M plasmid

(A) 150 T00% (B) ©) {99.9%
3004 25.6% 400
Electroporation .
1001 pX330-sg-B2M _ 6001 Sorting ., 3007
E — ¢ 3

g G 4001 O 2007
50

200 1001
0

TP r e O g P
010> 10° 10* 10° 010> 10° 10 10° "0 1o 10 10
PE-A PE-A PE-A
A: sg-B2MI P4 T, HEK293 T4 fEB2M 4313 15 F 4 100%:; B: HLHpX330-sg-B2MJii #i J5 B2MFH PE I 4 425.6%; C: i 373 i B2MEA 14
AMAE)E, B2MBI 1 599.9%.
A: the expression of B2M in sg-B2M negative HEK293T cells was 100%; B: the expression of B2M was reduced to 25.6% after pX330-sg-B2M was
electroporated; C: B2M negative cells were 99.9% after fluorescent cell sorting.
[El3 HEK293#fIB2MFTIZE LN
Fig.3 B2M expression level change in HEK293 cell

Zkilte T7 E IEGT) % 52 25 5L LIS, A Rl I 1) X6k 1 4 22 CRISPR/Cas93 [K 9 4 £ A Fit Bk J5, HEK293-

Jfa 355 R ZH PCRAS B V1) 1, 171 43348 J (19 B2MIBH 14 4t g
SR PCRF=H AT AT BH B D) BN N 465 1564
330 bp, HA4M 21100 bp. TATLFEN F &ox, KHE
OYREAL R AERE D IRAR, JANE A E RN, B K
B RAR . DL gl FRE, FTEE T .
2.4 Real-time PCRENB2ME EmRNAK
Real-time PCRZ5 3 WL 7, LAB2M3E A 1 K i
¥k FTHEK293-BLANK4H fill ' mRNAZ ik~ X5 [,

B2M 4 il R IE N JFE R 1916.4% . thah Rt B, K
IRl ikt 42 i B2M3E IRl /EmRNA /K - [ 2 ik & 25 K [%
(P<0.05).
2.5 CRISPR/Cas93T#B/5 i #B 50405

FRE GRNA VL T I 3 T Bt B4, FH SR 1t
JS7 Bt RS 57 51 0 %F B B DX IR % s b AT B, SRS
o AL SR AIAE N H B2k . Lloff-target-14
i, TATERE(EI8A) 5 Ml 7 &/ (EI8B), BEMLEEAL 14
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(A) 100% B) 1200 99.9%
300 -
600 900
El Ei
S 2
O 400 O 600
200 300
0 ey e e P S—
0 100 100 10 10° 0 100 10°  10*  10°
PE-A PEA

A: sg-B2MFATEAI A, HEK293 41 fBHLA 143 T35 5 4100%; B: HLF4pX330-sg-B2MJFiHi 5 733 15 £ I B2M-HEK 293 T4 HHHLA 193 TRk .
A: sg-B2M negative cells, HEK293 cells HLA I molecule expression was 100%; B: B2M HEK293T cells HLA I molecules are not expressed after
electroporation pX330-sg-B2M plasmid and sorting.

El4 HLAIXS F5B2MOFXHR
Fig.4 The relationship between HLA class I and B2M

bp M 12 3 4 bp

500 —» < 450

—
400 «— 330

300 —>»

200 —»
150 —

100 —» <« 100

50 —

M: DL500 DNA % F-ibrifl; 1: AR I HE X BRALPCRM“ 4T E 1B V) %58 ; 2~4: 4 i B2MIIYE S PCR™)TT E IMFVI 4 & o
M: DL500 DNA; 1: T7 E I digestion of PCR product in negative control; 2-4: T7 E I digestion of PCR product in B2M negative cell after sorting.
El5 $THXEBPCR™ITT E IEIILE
Fig.5 Target area PCR fragment enzyme identification by T7 E 1

WT CCAGAAAGAGAGAGTAGCGCGAGCACAGCTAAGGCCACGGAGCGAGACATCTCGGCCCGAAT

CCAGAA-mm e CGCGA---mmmmmmmmee oo CGGAGCGAGACATCTCGGCCCGAAT -26
CCAGAAAGGGAGAGTAGAGCGAG-----=mmmmmmmmmm e CATCTCGGCCCGAAT M2-25
CCAGAAAGAGAGAGTAGCGCGAG ACATCTCGGCCCGAAT -23
CCAGAAAGAGAGAGTAG AGCGAGACATCTCGGCCCGAAT -23
= CCAGAAAGAGAGAGTAGCGCGAGC GAGACATCTCGGCCCGAAT -19
;% CCAGAAAGAGAGAGTA-----mmmmmmeeeemeeeeeee CTAAGGCCACGGAGCGAGACATCTCGGCCCGAAT -12
=] CCAGAAAGAGAGAGTAGCGCGAGCACAGCTT--------—- CAGGAATGCTGTCATT----------- CCGAAT M9-9
= CCAGAAAGAGAGAGTAGCGCGAGC----------- TAAGGCCACGGAGCGAGACATCTCGGCCCGAAT -5
CCAGAAAGAGAGAGTAGCGCGAGCAC-----CTAAGGCCACGGAGCGAGACATCTCGGCCCGAAT -2
CCAGAAAGAGAGAGTAGCGCGAGCACAG---TAAGGCCACGGAGCGAGACATCTCGGCCCGAAT -1
CCAGAAAGAGAGAGTAGCGCGAGCAC---GCTAAAGCCACGGAGCGAGACATCTCGGCCCGAAT Mi1-1
CCAGAAAGAGAGAGTAGCGCGAGCACAGGCTAAGGCCACGGAGCGAGACATCTCGGCCCGAAT +1
CCAGAAAGAGAGAGTAGCGCGAGCACAGCTAAGGCCACGGAGCAAGAACATCTCGGCCCGAAT Mi1+1

CCAGAAAGAGAGAGTAGCGCGAGCACAGAGCTAAGGCCACGGAGCGAGACATCTCGGCCCGAAT +2
CCAGAAAGAGAGAGTAGCGCGAGCACAGCTAGCTAAGGCCACGGAGCGAGACATCTCGGCCCGAAT  +4

T RIZEFIREEAL T F1; S (R IRPAMIF A1 B A M LR SRR R, 20 (0 R BN TR SR T, T (0 Rl Nl
Underlined indicates the sequence of the target site; green indicates the PAM sequence; black dotted lines indicate missing bases, red indicates single
mutated bases and blue indicates inserted bases.

Elo RFMEMAERITAER

Fig.6 Representative cell mutation types

AT RERE IR R AERAR . A ERAL S, R AN BT AR A 38 OR R AR SR AR, IX U B A T A
AN AT AL EEE 10~18 (23 20— %1 JEE /) 1 gRNA it $EAE 2R A
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#P<0.05, 55X HEAAHEE o

Relative expression (%)
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HEK293-BLANK HEK293-B2M~

*P<0.05 vs control (HEK293-BLANK) group.

(B)

7 Real-time PCRANB2MEImRNATK
Fig.7 The mRNA level of B2M detected by Real-time PCR

2 3 4 5 6 7 8 9 10 11 12

13 14 M

110 120 130 140
Off-target-1 — —====-=-- GAGTGCCACCAGCACAGCTACAG-—-—-

Off-target-1-WT-PCR —> CCCCARGCTGAGTGCCACCAGCACAGCTACAGCTCCG

T-1 — CCCCAAGCTGAGTGCCACCAGCACAGCTACAGCTICCG
T-2 — CCCCAAGCTGAGTGCCACCAGCACAGCTACAGCICCG
T-3 —> CCCCAAGCTGAGTGCCACCAGCACAGCTACAGCICCG
T-4 —> CCCCAAGCTGAGTGCCACCAGCACAGCTACAGCICCG
T-5 — CCCCAAGCTGAGTGCCACCAGCACAGCTACAGCTICCG
T-6 —> CCCCAAGCTGAGTGCCACCAGCACAGCTACAGCTCCG
T-7 —> CCCCAAGCTGAGTGCCACCAGCACAGCTACAGCTICCG
T-8 —> CCCCAAGCTGAGTGCCACCAGCACAGCTACAGCTICCG
T-9 —> CCCCAAGCTGAGTGCCACCAGCACAGCTACAGCTCCG
T-10 —> CCCCARGCTGAGTGCCACCAGCACAGCTACAGCTICCG
T-11 — CCCCAAGCTGAGTGCCACCAGCACAGCTACAGCICCG
T-12 —> CCCCARGCTGAGTGCCACCAGCACAGCTACAGCTCCG
T-13 —> CCCCARGCTGAGTGCCACCAGCACAGCTACAGCTCCG
T-14 — CCCCARGCTGAGTGCCACCAGCACAGCTACAGCTCCG

bp

2000

1000
750
500

250
100

A: TATEFEFURIE LUK 5 M: DL2000 DNAZK T AR HE; 1~ 14 5BEALHRE 1 144> B s BEFTRL; B: BEATLBRIUI 1440 S Sd EMI3 5 i 45 L, T

FORERAETHA L

A: gel electrophoresis of TA cloning plasmid; M: DL2000 DNA marker; 1-14: randomly picked 14 monoclonal; B: M13 primer sequencing results of

randomly picked 14 monoclonal, T means T-vector.

E8 BiERARASMLER
Fig.8 Detection result of off-target effects

3 Wig
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