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Site-directed mutagenesis of long gene by partial amplification
combining with double fragments ligation

Juan Xiao, Mengqgi Ma, Mingxing Liang, Ruyang He, and Huabo Chen

Medical College, Hubei University of Arts and Science, Xiangyang 441053, Hubei, China

Abstract:  Overlap extension PCR is a common method for site-directed mutagenesis. As objective gene sequence growing
longer, it is often difficult to obtain the target product in the second round of PCR, and it is highly possible to introduce
unexpected mutations into a long gene fragment by PCR. To circumvent these problems, we can only amplify a small gene
fragment which contain the target mutation by overlap extension PCR, and then ligate it with vector to get target plasmid. If
the restriction site at the end of the amplified fragment was not a single one on plasmid vector, double fragments ligation
method could be used to construct target plasmid. Partial amplification, combined with double fragments ligation, could solve
lots of problems in long gene mutagenesis. Taking retinoblastoma gene 1 S780E mutagenesis as an example, it is difficult to
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amplify whole retinoblastoma gene 1 by overlap extension PCR because of long fragment interfering the overlapping
extension of second round PCR. However, it is relatively easy to amplify the F3 (1 968-2 787) fragment which contains target
mutation S780E. There is a Nhe | site which can be used for ligation on 5’ end of F3 fragment, but another Nhe I site on the
plasmid restrained from doing so directly. In order to circumvent this obstacle, we ligated F3 fragment, combining with F2
(900-1 968) fragment which was digested from wild type plasmid, with the vector which contain F1 (1-900) fragment of the
gene. That double fragments ligated with one vector at the same time, though less efficient, can recombine into a complete
plasmid. The sequences of the two selected recombinant plasmids were consistent with the target mutation, which verified the
feasibility of this scheme. As an improvement of overlap extension PCR, partial amplification and double fragments ligation

methods could provide solutions for site directed mutagenesis of many long genes.
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Pyrobest DNA Polymerase., & . EiAH
20 L, % 14.3 L ddH,0O, 2 pL 10xZErhik, 3 uL

B 8
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Table 1 Primers used in this study

dNTPs, 0.2 pL LiE5I47/0.2 pL FiEs1 4,
0.2 pL fif, 0.1 uL (10 ng) Jikr; B 7R2F: 94 C
5min; 94 °C 30s, 54 °C 30s, 72 ‘C 3min, 301>
fEFR; 72 °C 10 min, %5 "% PCR H % . EAH
20 uL, 7% 13.4 uL ddH,0, 2 pL 10xZE ik, 3 uL
dNTPs, 0.2 uL Fii#514/0.2 uL Fii#514, 0.2 uL
fiti, 0.5 uL FF A BE/0.5 uL FiE A B i TR
94 C 5min; 94 °C 30s, 54 °C 30s, 72 'C 3 min,
30 M ; 72 C 10 min, PCR 774528 H ik 4G
Je I ZE 20 pL ddH,0 H o VI 5% : B PCR [EIk
Yy 17 L, hn 2 uL 10xZZ #hi, 0.5 uL Nhe /0.5 pL
Sal I ;% U pEGFP_C3-rb1 JFiki 3 pug i B3 17 pL
ddH,0 ", il 2 uL 10xZ% i . 0.5 uL Nhe I /0.5 pL
EcoR I ; HU pEGFP_C3-rbl Jiki 1 ug B3|
17 pL ddH,0 H, fin 2 uL 10xZ& whif, 0.5 EcoR I/
0.5 puL Sal I ; 37 °C 2 h, HLIKKM K H bR A BE
[z 20 pL ddH,O 1, ] DNA Ligation Kit
Ver.2.1 %% #4405 L, M H B4 3.5 L,
solution [ 7.5 uL J& 4, 16 °C 30 min. &Y H
AR Z BRI, RIEIWRMTES R R
F) LB R RS2 H VAR b, 37 CHiFRA

1.5 BEEWNSFIISH

1 1 K 3% 1 M B LBk BB AR R
%, BT AmL & RIPERM LB Br g S rh dh 24
7% 6 h, DI AR T PCR A, /7%E: 5L
2xSuperMix, 0.1 uL Fi#514/0.1 uL FiE5149),
0.8 uL B, #MKZE 10 ub; P& R . 94 C

Primer name Primer sequence (5'-3") Size (bp)
SO AAAGGATCCATGCCGCCCAAAACCCCCCGAAA 32
S1 TATGAATTCTCTTGGACTTGTAAC 24
S2 GCCATTGAAATCTACCTCTCT 21
780E_S ACCTTGGAACCAATACCTCA 20
780E_A ATTGGTTCCAAGGTAGGGGG 20
pEGFP_C3’ TATGGCTGATTATGATCAGT 20

Underline indicates that the corresponding nucleotide sequence is a restriction site.
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30 MIEF . FaxFER S vEREIL 3 mL R/ B R H
JORLHEATREVIRG I , 75 %800 : 12.5 pL ddH,0, 2 pL
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TRA R B AR T . S TR e T &,

MR L i OE-PCR %8 5 R AF WL b 14 HEHRAE

PLJEA Tk pEGFP_C3-rbl AR, 435114
SO. S1. S2 #4Mc 780E_A N5 ¥4 it Fr Bk,
L 780E_S/IpEGFP_C3 A 5| ¥4 14 T i i Bt . PCR
FEMZ HL KRG, f53) 4 ANTI/NE DNA F
Bt (B 1B). 7% 4% PCR B, &Pl LUfHE: a
5T B d Aa Ry 4K rbl, Rifh
Bb 5T B d AT 3t iy 344 A,
HovwiZ; m bR B c S MR EB d A8
B U B AR R B 42 % PCR
M, TEARREASFIEMAE N 2K rbl =Y K F23 K
Bt UL S50 OE-PCR B K H B GBS
SEARTI 3Gt HAn =, S5AEBART.

2.2 BRI A RERE

FEIE b, O FR#3 LA Nhe T /Sal T il
YIRP eI 155 rol_F3 F B, P34 8 2 IBR X A B
(A 2R A4 R AT 75 21 50 4 (1 28 AR AR SOk . SRT, B
PR B 20 M & BRRUGR TORE 22 v e 07 5 R4
—~ Nhe T {78, B F3 A B vE B 5 8k 4%
AR BAs ok, R, RN B

Sal |

Hind 11 EcoR | Nhe | S780E
(e ‘ I
[¢———F1(1-900) >| < F2(900-1 968)———>|<«— F3(1 968-2 787) —|
—.50 — Sl S2. 780E*L

~ 780E_A

1 OE-PCRyMERTMNSMERERE

M __#1_+ # + _#3 _+ M bp

Fig. 1 Amplification of the gene fragments containing target mutation by OE-PCR. (A) rb1 gene map and primers position.
(B) Agarose gel electrophoresis of the first round of PCR. The upstream primers for lane ‘a’ to ‘c’ were S0, S1, S2 respectively
and all of their downstream primer was 780E_A. The primers for lane ‘d’ were 780E_S/pEGFP_C3'. (C) Agarose gel
electrophoresis of the second round of PCR. The template for #1 to #3 were mixture of product a&d, b&d, c&d, respectively.
The template for ‘+’ was pEGFP_C3-rb1 plasmid. The upstream primers for group 1 to 3 were SO, S1, S2 respectively and all
of their downstream primer was pEGFP_C3'’. M stands for DNA marker.
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By FIRA)E, BILL Nhe T /EcoR 1 XY 544
kL RAS rbl_F2 (900-1968) A Bk, LA Nhe I /Sal 1
WHEFYI#3 PCR #1345 F3 B, i LR
Bt 5% EcoR 1 /Sal T ) 4 B R 443 43 1%
2, INmAGE5EH Birmok (B 2).

). PG EOR L Nhe 1 /EcoR 1 MY, 153
1068 bp. 1662 bp. 4773 bp =B, Hrhd/h
MR BRI FT R Y F2 B, 'B5 1 622 bp FrBUHE
Bk, ASreEEl (8 3 b IKkiE). B EG Fok LA
EcoR I /Sal T X{J1)n]15%)] 1 888 bp. 5 615 bp Hi->

1 iR#3 PCR P~ G fai B 7517 (K] 3 a ik B, Ho ok R BERD Fr s 2B 4 (K 3 ¢ Jkil),
he 1 Nhe |
_ . _—— - === pEGFP C3-rb!
ind I1I(1 348) \Hmd 1T 348) 7808 PERTE-
1* round PCR
pEGFP C3-rbl Fl pEGFP C3-rb! Fl 780E
.’
EcoR 1 EcoR 1
F2 F2 2™ round PCR
Sal | Nhe 1 Sal 1 Nhe | 780E
iEcoR [ /Sal 1 -
Nhe | /EcoR |
' Hind TII(1 348) Nhe 1/Sal 1 \\\\
/
EcoR |
Fl Sal 1 780E  Nhe | Ligation pEGFP_C3-1h[579F
| rbi_F2 | “b-jo—F-;
EcoR | Nhe | ol
Sal |

2 WRBREETEE

Fig. 2 The diagram of double fragments ligation. F2 (yellow line) and F3 (red line) are ligated with vector, which
contain F1 (purple line), to obtain the complete plasmid. Color dots represent different restriction sites and black dot
represents the target mutation site.

a b [ M  bp

B rbl_F1 (1-900) 4%
23 BfRAENS%EE
AR Z S KRG G & R IR&E R
PR SR 1 AR 2B TR (B14A),
B S/ A S 2 B B BRI (Y VSR R
AT P E 8 N F TR, £ l_éli*?%}:L TR
YOE o IR TR 51 P20 5 3547 PCR A,
% — 1 S2/780E_A 514 &5 fiﬂﬁ%%%@mﬁﬁ
KA rbl FERSEER o (] 4B). Kl 2)#1
#4. #5 —ASFAVESERE, 7K/ 500 bp, 5

B3 EEARBRREKREEEY

Fig. 3 Restriction enzymatic digestion of gene
fragments and vector. Agarose gel electrophoresis of the
OE-PCR product #3 digested by Nhe I /Sal I (lane a),
and pEGFP_C3-rbl plasmid digested by Nhe I /EcoR I

(lane b) or EcoR I /Sal I (lane c). M star)ds for DNA Wi (514 bp) M (& 4C). H & ik
marker. DNA fragments that need to be retrieve from gel . X
were encircled by an ellipse. 780E_S/IpEGFP_C3'5| W4l 5 s FHYELS SRR ks

http://journals.im.ac.cn/cjbcn



BiE SADTIEEN R REEHESHERERESRRE

i pEGFP_C3 #ifk, HE&A rbl J5Eilsr. &
RS R 5 7 % ——3, Hy= YR/ 400 bp,
51 (421 bp) #HFF (& 4D). Mtk — b HfiiA g
W25 SR B TTSE 1, X #1-5 5 v B 4 RUTT r AE i)
i, 2510 Miu T 5 Nhe I fEBARGDIRGI, 25
RBIR#L, #4, #53X 3 -FORIRE D) H U B
M#2 . #3 5 Bk LU B (K 4E, F). FEYIR:
Mzl A5 PCR R 28 e — 3.

PCR: S2/780_A—>514 bp
4 5 6

PCR: 780_S/pEGFP_C3'—421 bp

4 BETESE BE YT ik

% BARBURLT AN HER PR, X H L #4
PRV BORLHE T e A1 5« 48 PCR ¥ 1519 F3
F BT R R, H HARSE AR A ST80E BT
JiiE Sal T 13 55,42 490 bp, #¥E# pEGFP_C3'5 | ¥y %}
TR SCEE SR TR I A o S5 R H AR
P TC Bk, H F3 #4748 N A G AH AR
T 9 A8 55 (18] 5) o F WAL IFE SUEEXT I A 2l GA
BREL, 755 TG rb15"8F S A A R B RAE L T

Nhe 1 (591)
B /

pEGFP C3-rb1

7 503 bp
rbl
S2
Miu'1 (3 211)
\71\//13 133321

Nhe | —2 730 bp+4 773 bp

Fig. 4 Screening positive colonies. (A) Bacterial colonies on plate. (B) The position of the primers and restriction
enzymes which were used for detection of positive colonies. Agarose gel electrophoresis showed the results of PCR with
S2/780E_A primers (C) or 780E_S/pEGFP_C3’ primers (D) and the restriction enzymatic digestion results with Mlu | (E)
or Nhe | (F). —/+ stand for negative/positive control, #1-8 stand for the selected colony and M stands for DNA marker.
Expected fragment sizes were showed at the bottom of each figure.
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(A Amino acid sequence: ..Pro Thr Leu Glu Pro Ile Pro.. )
Sense sequence: 5-..CCT ACC TTG GAA CCA ATA CCT...-3'

_ Antisense sequence: 5-..AGG TAT TGG TTC CAA GGTAGG...-3’ )

(B 470 480 490 500 510 )

CEENEEEEC NN NN EEE NN NN
\GGAATGTGAGGTATTGGTLJCAAGGTAGGGGGCCTGGTGGAAGC

Mgy

C 470 480

CEE NN CEEEEEEEE AR
AGGAATGTGAGGTATTGGTLJCAAGGT AGGGGGCCTGGTGGAAGC

490 500

5 PBAMERKIRYKHEEFT

Fig. 5 Sequence of the positive plasmids. (A) Amino acid and nucleotide sequence of target mutant. Peak trace of
antisense of plasmid #1 (B) and #4 (C). Critical sequences of mutant position were encircled by square frame.

H bR OB HAB T 43 R 28 PCR 784, B AE 751
o AN, #1. #4 TIPS RO ERM
PEGFP_C3-rb1°"8% H¥r5e A8 14 .
3 Wi

KA BT S e 26 29 OE-PCR i
FF R E S RAR M ERRNER; 55— I, HilE
KL AR AR, AEAAS 3 T WU i 284, H15]
ATHRAETINRAE (& 6A), IR B E—E
PRI L] DA A 35 DR A 528 A ), H b A
LM AT Bk . AL OE-PCR il R LA
SUGRAR WAL 18 5 58 ARV 5 38 0 35 PR 91 Ay
SO FIRERIMER RAFA#R T %8, — OE-PCR 4~
BB JE Y SE R R B 3R A R, R S R R
Bt g | AJETHAZE AR 1 JLEAHXT B/ (K] 6B)

R WU A 1 45 G iU - 7 B R E R R
SE 15 G AE BE SR SRR 1 N BRI B 3 Y D)
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A B EAT 55— Nhe T 75, # LA Nhe T/Sal T i
YIS ORI P20 B R R B, U] H b TR
LK rbl FEH BRI . X TR ARG,
MBS R — MBI R 48 . A
A Fr B [ B 55— A 3R 32 1 1) 0 B T ko T WL
Nhe T {3 g X} B 2 BRI (& 2) . 1% 007 & ik
150 58 4 ok P L BB FL 36405 s F2 R
B IELG TR, — MBI F A S, NS BT
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PCR ¥4 1Y F3 R4, R XX #4 DNA #1775
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[#l 6

(A Er?RI

~

pEGFP_C3-rbl

l]“roundP(H{
L

pEGFP_C3-rb 578"

i ——

12““ round PCR

o
>y

‘\
Sal 1
PO

Nhe |

pEGFP_C3-rbJ

DEGFP=C3_rb]svon .

ll“ round PCR

- —
P ——

12“" round PCR

- ]
Digestion l Ligation
780E

& - =)

F# OE-PCR 5# o # 1A Ry LLAQ

Fig. 6 Comparison of two protocols. (A) In conventional protocol, it is difficult to get target product by OE-PCR with
long upstream and/or downstream fragments. (B) It is relatively easy to amplify a short DNA fragment containing
mutation site. Red lines indicate that there may be unexpected mutations in DNA fragments which were amplified by
PCR.

05 B AT AW H b SSORE G TERR P

LR TARRR, AT A BUAR X H AL R

Bole 7 58, WUt B Hems 15 21 i e Ak v B R

~N
A,

ELBAE A I IR 3 e 1A 2 v 1 B 3

PRI H B ] 3 S 4 s A T R . A Bl P Al B
B AN, Rl R U 37.5%, #B
RTFALETE WM R FHERE. Rk,
21 W ML OE-PCR X L fif DR 26 < [ i SR 78 (1]
BRI, AR TTIEAN R — R B g 7 56
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