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A Method for Introducing Mutations into Large Vectors
Fanrong MENG, Chen CHEN, Haisu WAN, Qinghua ZHOU

Tianjin Key Laboratory of Lung Cancer Metastasis and Tumor Microenviroment, Tianjin Lung Cancer Institute,
Tianjin Medical University General Hospital, Tianjin 300052, China
Corresponding author: Haisu WAN, E-mail: sa880@sohu.com;
Qinghua ZHOU, E-mail: zhoughl3S@163.com
[ Abstract ] Background and objective In vitro site-directed mutagenesis is a routine technique in molecular biol-
ogy labs. However, although there are numbers of related methods available, most of these methods are not suitable for intro-
ducing mutations into large vectors. Methods In this report, we describe a method which is highly effective for this purpose.
Our method is based on the other site-directed method we recently reported. The basic protocol of our method is as follows: (1)
Synthesize a pair of vector primers based on the sequences around the region to be mutated, each containing a suitable type IIs
endonuclease restriction site; meanwhile, synthesize a pair of short complementary oligonucleotides which forms a mutagenic
fragment after annealing; (2) Synthesize a pair of bridge primers which can specifically bind to a site in the vector sequence,
each containing a suitable type IIs endonuclease restriction site; (3) Perform PCR reactions using these Vector primers and
Bridge primers; (4) Digest the PCR products with the corresponding type IIs restriction enzyme; (S) Ligate the digested frag-
ment with the mutagenic fragment to make the desired mutant. Results Using this protocol, we have introduced mutations
into a vector larger than 9 kb. The results shows that the mutation rates are more that 90%. Conclusion Our method provides a
useful tool for performing site-directed mutagenesis experiment in large vector.
[ Keywords ] Site-directed mutagenesis; Large vector; Type IIs endonuclease; Bridge primer
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AR TBAM T A,
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9,613 bp, HA T kipOCT4-Luc2 (ZR{ASFH ILIE %) &4 —
ASBRANVE N VI Esp3 TR DI 5, BrkipOCT4-Lucl i
AXAFEYINL L, H 574 5pOCT4-Luc2 fffR] . 5E
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Tab 1 Oligonucleotides used in the experiments

fragment, B?L%ﬁ“ﬂ@%l%ﬂyv-primer A, B; B-primer Al, Bl;
B-primer A2, B2, =XJ 5[4 &H— " Type LsZAFR i
PEN DI, Esp3TABEIN 1L, AR YIS ARG PR v
TR S SR R BT S | el A DR
PR SA PR ARG, HAFIIILRL
1.2.2 A B PCR™II A N T U — X EAME)
ARk, GRS B, RN AEPCRIXH SE
PCRJZ W i AR A Ky ki pOCT4-Lucl flpOCT4-Luc2,
Bl B & il HPrimeSTAR HS DNA Polymerase (DROI0A,
Takara) ; 5|#)4) 5| V-primer A, B-primer Al; V-primer B,
B-primer B1; V-primer A B-primer A2; V-primer B, B-primer
B2, PCRJZJW 244 98 °C. 30 stk AfEFF, 98 °C. 10s,
62.5°C. 155, 72°C. 6 min, JZ W28 MR, 5 T72°CF
PRH4F20 min, FriFPCR”WILRAF 5.
1.2.3 BMRORLBR A5 FTiFPCR™ W) ELHRL A37 COKIR,
A Dpnlfi§40 U, BEYIL ho FARR JBRER TR, J5R
DpnIfRERS NI SR IEREDT ", PCR™ 42
BATHILAL R, T LADpn I REAS 4 S5 1k U RS A (o
KL TANZ FEMAPCR™ ), AT AR B R PCR™ )
1.2.4 SRR TEA S ATE R SR REFOY, H b — LIRS
et aifk, BT £ W DNA Fragment Purification
(DV807A, Takara) . SR J FIBR A4 A I Esp3LUEA VI,
TEROR PR B, SO 45448437 °COK2 he FRIR T TDNA
alifl . FRJE AT RN, ROV AR 16 *COKIR2 h, BT
1#3f)T4 DNA Ligase (Takara) .
1.2.5 fboefetl | opid e Ky US4 Y11 uL,
e A100 uLJEAZASANEIR S, DK 1T 30 min, 42 °CKif
1 minJ5 & 7K 2 min-3 min, ¥4 F FampHi A R LB
B, 37 “CHEFRIIR Tk AV S Bk . SRIBUSTRLA IR
HRBORL NI &0 I BORLZE AR R LR e 55 A7 FR 2
AT

Sequence 5-3’

V-primer A
V-primer B

5" AAGCT CGTCTC TCGCACATATCGAGGTGGACATTAC 3’
5" GGATA CGTCTC TGCGTAGCGCTTCATGGCTTTGTGCA 3’

B-primer A1
B-primer B1
B-primer A2
B-primer B2
Mutagenic fragment A

Mutagenic fragment B

5" GGCAT CGTCTC TGTGTAGTGCTGCCATTACCATGAG 3’

5" CGAAT CGTCTC AACACAATTCTCTTACCGTCATGCCATCCG 3’
5" AAGCT CGTCTC TACTGTGTTCCATGGTGACTGTAGGTGATGC 3’
5" GGATA CGTCTC TCAGTGGAATGGTGCCTAAAGCCCTGGTG 3’
5" ACGC CCTAGCGCCCGGCATCGCCTCTGCATTGT 3’

5" TCGG ACAATGCAGAGGCGATGCCGGGCGCTAGG 3’

O 0000
www.lungca.org



[ iR 2% 5201447 A 551745 457 3]

Chin J Lung Cancer, July 2014, Vol.17, No.7

* 565 -

2 HR

2.1 TERJFHNP G AR TAERRE SRS T—
TSRS T 5 A8 51 W) 1 AT B I R s AR I 5 v 3X
HRIT R A B T %, R A FR AT A BT A B O 1 0
i BRI LR B, AR F A AR
A AR (D TR 5848 1 DS I, 5 B —%of 2045 |
YIV-primer AFIV-primer B, 3X—XF 8445 W74 rh &4
— M EE M Type s KM BRIPE N DIRE AL 58, 1AL, i85
P~ G AR B IS 1 il B 5 7 WU s QIR PR — MR
A4 (bridge site) , FraiiO7 &, KOMESR PR B> 205 | 9
G54 X R 2 A I A X8, S50 B i — R R T [
B-primer AFIB-primer B, MBS — 1 Type
IIsZE A BRI P DT REA 55.; B V-primer AFIB-primer A
fit %, V-primer BFIB-primer B X, 435l #HEA TPCRI W, Xf
PPt AT AL S, R FHARL Y Type TIsZE Y BRI
VIBGHEATIGEY]; @HE LA ERED) My o A8 SRR 5 T A%

V-primer B

~>
V-primer A

Template
B-primer B

—
B-primer A

{ PCRand Dpnl

Type lls REase

&

T4 DNA ligase

&

Mutagenic Frament

HRERE

F RN AT UGS A8 48 s (WG 457 W e NS AR DA IERT BT
VERR 0 O AT o 76X HLAGSEIR AR P e e AT
BT AT RS B kR R AR, ORI — AP, R
KT 9 03 A R BOEA T3S, A RE e TR 28
PR IEA T2 AR FIRICR (AR, i ok TR 3R A T2 AR 1Y
PN KNS TR TR A AT, KA S S S
(Al

2.2 FERBIATGIAR Z0E SRAE HEEDL ECR Ry
A 850, FRATTERE T 2= O A M i K I 2k pOCT4-
Lucl flpOCT4-Luc2, AR I 49,613 bp, S A FH# L
97 kbA R A B . IR S0 rh il Y 59848 B B X 5 |
YIWLE2 . LABUR pOCT4-Lucl A 4], Xof 1 S 50 ) A8 1401 7 i)
W, MEBFIRE, SRR BRI s SR, 5IA
52 4537 i Bt Mutagenic fragment, A U35 7 &4, MHBR
FHEAGE  FATTE B T—XF 24475 |9, V-primer AFIV-primer
B, X X5 [P & A — A Type 1s 28 14 BRI M N DIRG A7
B, BIEsp3If o SIS ERE T— MR, 2 s T8 7
G, SRS XRG4, B-primerALFIB-primerBI,
Hop, BAG I h & — A Esp3I0L s SEE AT
PCRJZ ), HA T —NLAV-primer AFIB-primer AUN5|4), T
T3— AW LIV-primer BFIB-primer BUNGI4, X HF 4053
PAFHAPCR” ), — K EEH3,387 bp, J5— KN
6,188 bp; SLIGAKLLAL BN Esp3 I PCR- W HEA TRV, FT3icis:
IR RN G ARl BOlA TS, IR R T s 2 58748
FAR1-AAIBBI, £ 2848 Xof 58 A8 o B A 7 5 326 RN e 25 o
J&, I e Y 144 v B v, e 134 e B A BT A S R
A7, RARAETRF93% . 7E FTKipOCT4-Lucl A5 1, 1 3 4h
— XS5 YR UE Iy AT A T, SEE A T SPCR
S, HHp—~PAV-primer AFIB-primer A2 N5 |4, S—>

B 1 LERETEE

Fig 1 Outline the experimental procedure of our method. A pair of vector
primers and a short mutagenic fragment are synthesized, each vector
primers containing a type lIs class endonuclease site, simultaneously, a
bridge site is selected and a pair of bridge primers is also synthesized and
each of the bridges primers contains a type lls class endonuclease site.
Two PCR reaction are then performed, each using a vector primer and a
bridge primer. The PCR products are next digested with Dpn | and the
corresponding type lls class endonuclease. The digested products are
subsequently ligated with the mutagenic fragment to form the mutant.
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NJLLV-primer BFIB-primer B2 5|4, X HEHASFHIPIPCR
B, — MK H4,942 bp, T3 — K H4,633 bp, i1 1
VIR 597 REE A T2+, MR AR 4K 1-AA2BB2, 518
HH90% . XAEERIT /I T RATITH AL J5 219 A &L
Yo I3 EAR AR TS SER AR, 51 SRR ok B
AR 7 A1 T I Ze bR, PCRSON S FHBR il A L) il
Esp3UEA TV, 288 RS IE A, 55978 Fr Betb A T i
o SEAR R BEh Bl S AL TR TR pRit o

TER B BAAFF 41 L, WTRETERAAFF SN ER, & AR
Type 1sZEFRAPEA DIBEOL 5o A UEBIFRATHL AL 9 J5 1200
BRI RE, FRAT2E P 15— A #ikpOCT4-
Luc2, I FITT I 1 S50 A D, SURTE B 1 rh &
A —DEsp3UiL i, Hog B oA O o FATTH A 2
1K, 43 5LIV-primer A, B-primer Al; V-primer B, B-primer
Bl%l]V—primer A B-primer A2; V-primer B, B-primer B2k
F3 7 VA B R RS2 8, S RELEAR B Esp 3U0L s EA 7 U]
W, 2 B — R B, SR R i e S N S PR 2
PO SDNA S Beib A7 i+, 15200 R AL H A K2-AA1BBI
2-AA2BB2. , L JE PRI IE I, X T A 2
PP AN BEA TN, 25 R3], AR B AR2-AAIBBIII T 12
AvEkEr, HA 24 v b 5 A P 2R AL, ALK F
100%; JeAZHIA2-AA2ZBB2II P 911w, Hrfi14og

A Target region and sequence around

W S AT Il EER AL, ALK F100% o SEXAERUI,
AT B 7k, X AT Type TLs BRI A DI £
RIFP A EATIRAF A RAZ R o FI4A /R TSR A5
SRR ISR, [RI4B R 978 Fr B il &

3 g

FA A T—MoE S AER ER P I 5 A E R
(5 s o XA AR TA T B AR AT Type 1s28
FIR R 1 PR U AT T2 BG4 R A JOUE 19 2R A% 5 7
LAl B o FATTEY T i AT T e T o 64 05
(R RCRE R, 53—, SR FRAE BRI 91 1 A 3 A
EROBRRL, A 1 247 51020 B LA INT7 kbR
AT 3 A HE— Ml id 9 kb IA ¥4 1, oy
SIATHEIRRAE 5 —Jr i, TAESE e fl 1 Type s
SRR N DT, A B AR S R S, LA RT RE
PUERERIAL A, BT XA O0 T A9 S AS A T 1 AGE
SRR, A SR S5 BT B Ty pe TIsZRER
PEA DI — BN ALAL, XTI AR B o 7EBATT S5
T I Type TLsZE BRI 1k A 37 s 2 Esp3T0L A,
XA AT LA R RHR 3 I SR 2K, ANid, USRS
B, AT LA PR A 2 A i B P P Bl >, 451

5 ——— ACGE CCTGGIGECC GGCACCATCG CCTTTACOGA CGCA ——3°

B Sequence of the desired mutant (lower) comparing with that before mutation
TACGCCCTEG TGCCCGGCACCATCGCCTTTACCGACGCAC
8 618 6 Y Y 1 AN S O 1 B
TACGCCCTAGCGCCOGGCATC-GOCTCTGCAT TG TCGICAC

C Mutagenic fragment
5" ADGC CCIAGCGCCCGGCATCGCCTCTGLATIGT
3" GOATCGOGGGCCGTAGCGGAGACGTAACA GOGT 5

S ACGCCCTAGCGCCCGECATCECCTCTGCATTGT
NUERERRERER R HRER
I I'SG Ti'_'.Gr:rl_;{;r:!_:C l'_'.['_:T ALIJ'CGG.-'M!‘:'LIE:GTMCLGCGT 5

D V-primer A:

£nocn

AAGCT CEICTC TCGCACATATCGAGGTGRACATTAC &
.

E-primer Al: GGCAT CGICTC TCTCTAGTGCTGCCATTACCATEAG
V-primer B: 3 GCCATA CGICIC TGCGTAGCGUITCATOGCITIGIGCA &
B-primer Bi: 3 CGAAT OGICTC AACACAATTCICTTACCGTCATGCCATCCG 3

V-primer 4: 5 AAGCT GGICTC TCGUACATATCGAGGTGGACATTAC '3

B-primer A2: 5 AAGCT CGICTC TACTGIGTICCATGGIGACTGTAGGIGATGC 3
loalnZg MR
V-primer B: GGATA OGTICTC TGCGTAGCGCTICATGGCTTIGIGEA 3 S

oo

GGATA CGICTC TCAGTGGAATGGTGOCTAMAGCCCIGEIE 3

O 0000
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B-primer B2 Fig 2 Oligonucleotides used in the experiments
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(s

G
V-primerB CTCTGCATA
3€¢—— TCGCGATIGCG T
5' AGCGCTACGC CGCACATATC
TCGCGATGCG GCGTGTATAG
+CT CGCACATATC
5 AAGCTcGTC V-primer A
Template
. GC o
B-primerB TCT GCtY AN
3' GCCTACCGTA CTGCCATTCTCTTAA CACA AC

N
"

CGGATGGCATGACGGTAAGAGAATT GTGTAGTGCTGCCATTACCATGAG
GCCTACCGTACTGCCATTCTCTTAA CACATCACGACGGTAATGGTACTC

GTGTAGTGCTGCCATTACCATGAG

1c v
CGTC B-primerA

g G(j,CP;Y

ﬂ PCR and Dpn 1

3
5
3

5—— VYACGCA GAGACGTATCC 3' 5 AAGCTCGTCTCTCGCA —— 3'
3—— TGCGT CTCTGCATAGG 5 3' TTCGAGCAGTG AGCGT, —— 5
5—— YBTGTT GAGACGATTCG 3' | A !

SIGT 5' GGCATCGTCTC TGTGT ——3

3—— CACAA CTCTGCTAAGC 5 3' CCGTAGCAGAGACACA, —— 5'
@ Esp31

S—_— 5" CGCA 3!

33— TGCG 5' 3 5'

[ Y 5GTGT — 3"

33— CACA 5' 3! 5!
@ Ligation with mutagenic fragment T s =
B 3 KEHE., EREsp3I B AEKF
TR, WRTEHEE A TH&RR.

5—— ACGCCCTAGCGCCCGGCATCGCCTCTGCATTGTCGCA — 3 ) )

3 TGCGGGATCGCGGGCCGTAGCGGAGACGTAACAGCGT — 5 Fig 3 The experimental procedure. The
type lls restriction enzyme sites, Esp3l,
are in bold and the mutational sites are
underlined.

A -

Mutant Mutagenic ratio Percentage
1-AA1EE] 13/14 93%
1-AB82BE2 9710 0%
2-AA1EB1 12/12 100%
2-AA2BB2 11/11 100%

B

CCCT GET GCELCGECACCAICRECTCT ITTACCEACGCA

CCCT =G

ﬂ .'
I
L

CCoCG GX TCERCcCETE TG

|
J LN A A A | mutants; B:

HRERERERERN

B4 SBERRNFE. A REIINE; B: LN FE,
' J ' ' Fig 4 Sequencing results of the mutants. A: Mutational rate of the

Sequencing maps of the mutants.
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