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assembly to clone genes with site-directed mutations
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Abstract: In order to develop a simple and efficient site-directed mutagenesis solution, the Gibson
assembly technique was used to clone the cyclin dependent kinase 4 gene with single or double site
mutations, with the aim to simplify the overlap extension PCR. The gene fragments containing site
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mutations were amplified using a strategy similar to overlap extension PCR. Meanwhile, an empty
plasmid was digested by double restriction endonucleases to generate a linearized vector with a short
adaptor overlapping with the targeted gene fragments. The gene fragments were directly spliced with the
linearized vector by Gibson assembly in an isothermal, single-reaction, creating a recombinant plasmid.
After the recombinant plasmids were transformed into competent Escherichia coli DH5a, several clones
were screened from each group. Through restriction analysis and DNA sequencing, it was found that the
randomly selected clones were 100% target mutants. Since there was neither tedious multiple-round
PCR amplification nor frequent DNA extraction operation, and there was no need to digest the original
plasmid, this protocol circumvents many factors that may interfere with the conventional site-directed
mutagenesis. Hence, genes with single or multiple mutations could be cloned easily and efficiently. In
summary, the major defects associated with overlap extension PCR and rolling circle amplification were

circumvented in this protocol, making it a good solution for site-directed mutagenesis.

Keywords: site-directed mutagenesis; overlap extension PCR; rolling circle amplification; Gibson

assembly; cyclin dependent kinase 4
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Table I Primers used in this study

Primers name Abbreviation Sequences (5'—3) Size (bp)
T7 promoter T7 TAATACGACTCACTATAGG 21

CDK4 463Hind III_S 463H_S AGTCAAGCTTGCTGACTTTG 20
CDK4 463Hind III_A 463H_A CAGCAAGCTTGACTGTTCCA 20
CDK4 629EcoR 1 _S 629E S CGTCGAATTCCTCTCTTCTG 20
CDK4 629EcoR 1 _A 629E A AGAGAGGAATTCGACGAAAC 20
pcDNA3.1 1000A 1000A TGTTCGAAGGGCCCTCTAGAC 21
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Figure 1

Gibson

pcDNA3.1-CDK4M
assembly

Schematic diagram of mutation cloning. Vector was digested from empty pcDNA3.1 plasmid with

Hind 1lI/Xho 1 . DNA fragments containing the site mutation were amplified from wild type pcDNA3.1-
CDK4 plasmid with mutant primers. Color lines represent overlap sequences and color dots represent target
site mutation. The half arrows indicated the primer matching positions.
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Figure 2 Plasmid maps and primer matching points. Wild type plasmid pcDNA3.1-CDK4 contains a Hind III
site and an EcoR | site in front of the CDK4 gene. Mutant plasmid pcDNA3.1-CDK4_629E contains two

EcoR 1

sites and pcDNA3.1-CDK4 HE contains two extra Hind Il sites. The color dots indicate the

restriction sites and the half arrows indicate the primer matching positions. 3.1-CDK4 refers to

pcDNA3.1-CDK4 plasmid.

23 BireBEHFESERE

Y %E Y AR Z AR A FF I DHSa J5 42
QR BB, U Bdls (W
CDK4_629E) 13ZlIE HAIETE (K 4A), SR
2 B FUREY) -5 RS B A TR TS BRI N A
AR _EHRE 10 ATV, JELh 629E_S/1 000A
14T PCR &, A5 EIR 10 g el
FHPE (Kl 4B). HARZEAE BTG —A EcoR T i i1,

M F1 F2 FI2 F3 V¥ M bp
— S - 5000
-— - — ) (00
—— wem — 1000
v . — wow — 750

— — 500
- — 250
— 100
3 HEARTMNANERRES&MERN

Figure 3 Preparation of gene fragments containing
site mutation (s) and the linearized vector. Band F1
to F3 were PCR products with T7/463H_A,
463H_S/629E A, T7/629E A and 629E S/1000A
primers, respectively. The template was pcDNA3.1-
CDK4. V"X stands for linearized vector digested
from pcDNA3.1 plasmid by Hind I/ Xho 1 , and M
stands for DNA marker.
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Figure 4 Detection of positive clones. (A) pcDNA3.1-CDK4 629E colonies on plate. Agarose gel
electrophoresis showed detection result of PCR with 629E S/1 000A primers (B) and restriction enzymatic
digestion with EcoR I (C). (D) pcDNA3.1-CDK4 HE colonies on plate. Agarose gel electrophoresis showed
detection result of the restriction enzymatic digestion with EcoR I (E) or Hind III (F). —/+ stand for
negative/positive control, #1-20 stand for random selected colonies and M stands for DNA marker. Expected
DNA sizes are shown at the bottom of each figure. (G/H) Multiple alignments between CDK4 629E #1-3/
CDK4 HE #11-13 with wild type CDK4 gene and their expected sequence. The red boxes show the position
of the mismatched sequence on the plasmid. 3.1-CDK4 refers to pcDNA3.1-CDK4 plasmid.

&: 010-64807509 H: cjb@im.ac.cn



1224 ISSN 1000-3061 CN 11-1998/Q =4 T #2%#4.  Chin J Biotech

3 Wi

PR R R RS R E S
JEINZE, 455 OE-PCR & SR THAMEE
B2 s o AWESE T 2288 OE-PCR 8/ T
55 %8 PCR ¥ 34 R f5 4 3 R R BV Ak 2L
XA 2, AR TREUIARE, (H—K
5 sy AT I 2 A . HLAS Oy FE Xt a4 1Y
VIS 0 R BR T4 o a5, BRI U 2R M 3k ik
Wi SR A R B LA & AIAT . DIARHESY
i, A F AR AR A UG T
# Hind 1II. EcoR T (iR 73X Bt %) 1Y HoAth it
(& 2); el AL R, DR A e
R EAR BLAT T E AN, A A S s A

RIEEBENVIEA S -

Tl 2958 MR AEMENRERZL, HdF
RS YRR i TP & . 8t OE-PCR
P, IR R JEAR TR TS YA S —%E PCR 7=

o, WA SIS 5 PCR M RLY 1Y, X2

/igation| L%

OE-PCR LA R BN . WA L
W5 IR T A SR LA TR, AE AR TR {22
5§, Dpn 1 FE16 RN 2 S 80U IR Bk iH A
Bk, ME TR ERCENTTE. A REAF
TEZE 5 PCR ¢ MG I R i 4k, TR
PR R REAR T i 2 JoRE ¥75 % F XU

Segh e, FoAT& B Gibson 2% = Wy i 44k
75 B > TR e, = B A I,
R 75 B BRI R . 255 & B PR R B,
AR B HE A A BRI R B A 4 9 B AR
77 A R P A s A e [ SRR, RS P A
TEERHR B Y P AAEZ ML T RE . bR T HUH
FIZRAR-DNA R B2 46, AT RETE ik H
BV SARA R B Z R (B 5A), [EPEER
A LATE AL B 74 . Gibson 20 28 AR T — Bk
MKW EZTFY, F—FEA G  SPHE, K
I T P AR 47 A BE DR 2 R TR It Ak e
FmE—15i20 (B 5B). T LU BT, BATIAH
27 SAE e LR Z2 ] 15 2 AR I L B S B

B
L C,]
———
a —
C+

Gibsonlassembly

\/ Vector X
Correct connection self-connection

x v
Series connection The only mode!

Es5 MMERRRFETEMILR

Figure 5 Comparison of two protocols. (A) In the digestion-ligation scheme, the vector and the DNA
fragment had the same sticky end with palindrome sequence. In addition to the expected connection, it
may also form vector self-ligation or series connection of inserted fragment, thus interfering the
screening of target clone. (B) In Gibson assembly, the directional overlapping sequences can be fused
into a complete plasmid according to the only expected mode.
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