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H E: ATITR A EAZGHO S ARAEBRSZEREFTE, FEMFANS hERAES
RUATT o Sk, A RAE-1,6-—BFBREE 1 (fructose-1,6-diphosphatase 1, FBP1)A F 4 4%
ERBEHGIHATHIE, BEIAREA S Bsal RS EELA R TS K, Bilfk
VIR BER G EAERADN B RE, FIANEXRBNUBARRBRERGFI, REHTH
BELXBMERRG LA E. 225N AF, FRIALEZETTUR/E. 25 £
RANT ® H49 Gibson 41 % A= Golden Gate ZA R &3 nde k., R — M HRA#TE A RALEF%
EREW R TE.
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DNA assembly by multi-fragment digestion/ligation and
homologous recombination

RAO Xinyuel’z, CHONG Jinyangl’z, HE Chengl’z, BI Yingyingl’z, TANG Gangminl’z,
LU Yucai'?, GONG Dachun'?, YANG Xiao"*’

1 Key Laboratory of Functional Yeast of China Light Industry, College of Biological and Pharmaceutical Sciences,
China Three Gorges University, Yichang 443002, Hubei, China

2 Hubei Research Center of Bioenzyme Engineering Technology, College of Biological and Pharmaceutical Sciences,
China Three Gorges University, Yichang 443002, Hubei, China

Abstract: To develop an accurate and efficient protocol for multi-fragment assembly and
multi-site mutagenesis, we integrated and optimized the common multi-fragment assembly
methods and validated the established method by using fructose-1,6-diphosphatase 1 (FBP1) with
4 mutant sites. The fragments containing mutations were assembled by introducing mutant sites
and Bsa I recognition sequences. After digestion/ligation, the ligated fragment was amplified with
the primers containing overlap region to the linearized vector. The amplified fragment was ligated
to the linearized vector and the ligation product was transformed into Escherichia coli. After
screening and sequencing, the recombinant plasmid with 4 mutant sites was obtained. This
protocol overcame the major defects of Gibson assembly and Golden Gate assembly, serving as
an efficient solution for multi-fragment assembly and multi-site mutagenesis.

Keywords: site-directed mutagenesis; multi-fragment assembly; IIS restriction endonuclease;
homologous recombination and cloning

XA PSRN AT RS L BBk ERMPTIE AEAR Y SE AR, X PCR BRHY K

A A X 2 P o A T A A s ) T
Bro HAENEREERNEFLEAMIE.: Fnig
WY WM Bdls., ETRAY LD
Stratagene QuikChange & i 2848 50| & FEMF 5T
H )iz K F . Hunter %5 il QuikChange 3%t
Wi 7L 30 W i S A DG B B 1 R b -1,6- TR 1
(fructose-1,6-bisphosphatase 1, FBP1)# 1T T &
JSAE KB T32V I MIT8A {37 5 528 flif5 i
ASFRIF] 5'-AMP % FBP1 9 ICso i1 13.6 pmol/L
435175 5 809 umol/L 1 3.78 pmol/LM; F %545
R IRXT AE R 2 s 7 T Y S 2R A8 (S85C/Q145C) 5
I A R T A SRR E R (M LA
HMGE ) QuikChange WA MEAT Fr B v il 25 Bl 4
ABL BRI ZA4h, QuikChange 127 %2 JE1 7 fk:
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B3 ae ) &% Dpn T YIRS AR AR 12505
A B EOR o SERE R LT A AN A 2 O
— B X AR XA TN, KL S
Hh T R A 58 A8 e LA R B

LG Pt 5 AR i , fi ik PCR
PG RN R AR AL 1 I Z B WS o 4
AN B Bt AT 4%, R Al 4531 22 m 5 Y
FrBLo T2 Fr BEAUERAMERT U T J R, b ]
PASEAT Fr BEI RIS sl 1A, I H G 247 JBORE
BRI, AR T QuikChange 34 [k
Wao BLAh, 7EamAEYE, 20 Bedidenl LUk
JE BT Gt e S AN 1E TS ST 4 5
AU PR R E R, T TR HER
SRR, 2 B4l e v LUK g 66,50
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M (green fluorescent protein, GFP)% 45 [1hriC
sCHAE RS HEARS , T RBIERAE
EAS, HtmsaEm 2 5 B ik 2g
Bz A 5

Hirs H 2 B kg2, HESE
{§1 PCR (overlap extension PCR, OE-PCR) . Golden
Gate 1% . Gibson 212 FIRE LA N 210746 . JL
AN R R Z | TAER R, (R &
FERE AR G i, AT DL B o AR
{14 [ W EL 21 5 B Al U, BB AE Al PCR &A%
GiiNZ i Be 20T, W T A
B R B A o 207 I B S T R A
Bz [ py H S IR A 7ER K B B E S 2R
J& B 5 | P SEARAS 2 I @l FBE . Heckman
PR, TR ELE N Fr B AR MR SR B i R
DA o= A F R N ZH2 F BE . B i
PCR HFKFBaali i~ 2 i B m o
28 M T T R BR AR, AT e T
AHART R Bl A B S i, R SRS R R
B, SEIJRIE BEE A BUECE N 2E 450
Cha-aim 5B EIL, Fr Bz hlE & X7
Gl ext i Bl A A BCOR R, BT RE K F S X
B E, IR JOR A B ISR P A Bl R
B, GC S RMAEIE . BA T REEHHE T #E
SREEA R, WA AR T H AR
AN, BIUINA GC 3R FIAE", R s i
HHIEM PCR SZIH R A, AN TR ERE
AL S50 55 1 A Re AR AR Bl G i B P v B 31 48044
b, PEEE A IR B e R RS B

Gibson £ %% F11 Golden Gate ZH 2% 2 it 4F ok
M Z i Be— DA T, W T o282,
PRAR . PR SRR Gibson 7% 4 i J5] 1
AL 4 (cyclin-dependent kinase 4,
CDKA)BEAT T 55 A0 i 28781 Yan
Golden Gate 2112 Fll T 2 i S AR AR #2215 A

&: 010-64807509

HMTHSEM PCR 1, XPIF—LAB5 0 9R
WL, (X PRI —2A 2 . Gibson 2%
SN EREZ, M BAGEE e, , RS
BEECHAES & AR EA™; Golden Gate
R “— Bk B D) R SN T 22 B e
WERRRE R, AR —E BRI

N T IRAN BIRTTIRAE 2 B I 2 R
N RS R, A HESE DL fopl E A
(NM_019395.3)#F17 4 L5548 K6, ¥4 Golden
Gate 2% Gibson T4 A, IF HXTE
ERAEAREEAT TO0A, R T Rl eI
HEG#EN Z R Bl ik

1 MRETE

1.1 EMFIER

KT DHS oW 5 AR A4 LA Fit) efy
HBRN ], Tk pET28a I pET28a-FBP1 A SLL
eV P DS PR RNl e e S
1.2

2xKeyPo Master Mix. 2xRapid Taq Master
Mix . DNA B [T it G A moki 4 Bt €1
H B U 4R A IR B A PR A Rl . BamH T,
XhoI, Bsal lJ H New England Biolabs; T4 DNA
Ligase F1 Seamless Cloning Kit Il H i3 =K
AR IBA AT BR 237
1.3 S| REmK

5%k Primer Premier 5.0 Z{4:#1 NEB
Golden Gate 7E£k 1. H.(https://goldengate.neb.com)if
1Tt IF 51 AN GE AR 7 11 (T32V/Y82F/M178A/
E281D). DL 4 DA SNF, fopl JEFEBE 4 A%
5AR B, ¥X 5 AR BT S1SA NEB Golden
Gate fEA T H, T TR ECS R Be 5
YU R B S | 4)2:% Seamless Cloning Kit it
BT ARSI, 519 i DCER A Rt
FABRA G, PR 1. Hirh T7 2 pET28a

B<: cjb@im.ac.cn
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RE LY, FT#W PCR %55E
14 RTERFEMTE, AR, BRREN
g Fnge B R FI

PCR ¥ 34 & A AR s S 7 B . 10 pL
2xKeyPo Master Mix, 1 uL IEM G4, 1 pL [
514, 1 uL pET28a-FBP1 JFAif5i4R , #h7E ddH,0
%20 pL; PCRzf7FE/F: 98 °C 3 min; 98 °C
15s, 55°C 15s, 72°C30s, 35 MFEH; 72 °C
5 min, PCR J” ¥ 25 v Pk kil 5 24k [B1 & 2= 30 pL
ddH,O o KM i ralifh: XF &4 B
BTy WA LR 5 A A BRI BRI IR A G o
frofifh . R BeH MM/ &R : 1 pl
10xLigation Buffer, 0.5 uL. T4 DNA ligase (500 U),
1 uL Bsal (20 U), #ifbit i Be4s 0.04 pmol B
BIRAWAE 30 ng, #MA ddH,O % 10 uL; J2hy
.37 °C 1 min, 16 °C 1 min, 30 MEH; 60 °C
5min, RSOV PR RE 100 f5/EHC T pL HI T
P e B, MR EURME 5. 3 pL
10xCutSmart, 1 pL BamH I, 1 pL Xho I, 3 pg
pET28a fiki, #h7t ddH,O % 30 uL, 37 °Cidtk
M), 2R R VKA S R 7 T 4tk
1.5 FRAEHAREL

S 5 puL 2xSeamless Cloning Mix,
#H A& 0.01 pmol (Zet:AL pET28a #9°4 33 ng), A
*1 AHRERNSIY

Table 1 Primers used in this study

B¢ 0.03 pmol (fopl Bt A 18 ng), #h5& ddH,0 2
10 L, 50 °CH¥7 15 min, A= YHGHILFEL
KIAFH DHSo B2 54000, R FAE % -LB
SEM, 37 °Cit SR
1.6 TFEFIERNF

TESEH EBEDLPEE 10 AR, BERhE] 1 mL
FAREE-LB 555589, 37°CH;i3% 5h, IR
Jo Rk AT PCR %€ : 10 pL 2xRapid Taq Master
Mix, 1 pL IEWM5[4#, 1 uL 519, 1 pL
B, #hFE ddH,0 F 20 uL, Bf7HF: 95 °C
10 min; 95°C 15s, 55°C15s, 72°C 30s,
35 MEH; 72 °C 5 min, PCR 12 1%35 15k
EERE LUK AT M, e IBGHS o3 P AR 700 1,
ROUERA: P H AR FRA 7 578

2 BER540

2.1 IR

miE 1 s, XFT fopl (9 4 SR AR
T RIS, IR RS 5 AR B, 4
W40 F1 (134 bp). F2 (271 bp). F3 (211 bp).
F4 (347 bp)Fl F5 (200 bp), [RIN7EF BEMistE] A
AR A L Bsa T PRI 4 5l 5 A ] 5 4 5571 5
27 Golden Gate 213611 /7 %%, #£ Bsal fil T4 DNA
HERRERTY Bl i U0 /% 42 B A R —

Primers name Sequences (5'—3") Size (bp)
FIf GACAGCAAATGGGTCGCGGATCCATGGCGAACCATGCGC 39
Flr GGCTACGGTCTCG"TGGACCAACTCCCCCGTGCC 33
F2f GGCTACGGTCTCG "TCCAGCTGCTGAATTCGCTC 33
F2r GGCTACGGTCTCANTTTGCCCCTCTTCTCAGG 31
F3f GGCTACGGTCTCANCAAATTTGTTGTCTGTTTCGATCCCCTTG 42
F3r GGCTACGGTCTCC"ACAATCCGCGGCAAGGACCAACATG 38
Faf GGCTACGGTCTCCATTGTGGTGTCAACTGCTTCATG 35
Far GGCTACGGTCTCT "GCTATGGGGTTGCAGTCATACAGCAGCCGCAGCTTTC 50
F5f GGCTACGGTCTCT "TAGCTTATGTCATGGAGAAGG 34
F5r TGGTGGTGGTGGTGGTGCTCGAGTCACTTGGCTTTGTGCTTCCTGT 46
T7 TAATACGACTCACTATAGGG 20

Underline: Overlap region to linearized pET28a; Italic: Protective bases; Bold: Bsa I recognition sites; Up-arrow: Bsa I cleavage

site; Shaded letter: mutant bases.

http://journals.im.ac.cn/cjben
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R F | SRREBYERRNEA

B 2R H e I8, e S A R IR A S el 45 e BT 4
PP 458 5 JE A PCR 4 M 43 B A Y H Y 7B,
i B s & A S AL AP i TR IR A PP 81 5 73
TRV BES S BT 4, AL KT

AT 5 4

il >

Bsal %Bsa I

Bsal % Bsal

" TIGT
Bsal —mm- Bsal

Escherichia coli
transformation

1 RTLmELIETEER

Figure 1

22 REWYIE. & EEMEL

PL pET28a-FBP1 Jit ki M Btk , A5 40
F1f/Flr. F2f/F2r. F3f/F3r. FAf/F4r Fl F5f/F5r
P38 A BE FI-F5. PCR P& dayk i, 7551
5 AU /NE) DNA FBo(Bl 2A) o INEEREH 73

Bsa l
LT4ligase ——
— — I —
‘one pot’ s
digestion
/ligation PCR g
enrichment  Overlap region to

linearized pET28a

Gibson
assembly

Recombinant || g—

plasmid

Linearized
pET28a

Schematic diagram of mutation cloning. DNA fragments containing the site mutation and Bsa I

recognition sites were amplified from wild type pET28a-FBP1 plasmid. Fragments were assembled using
‘one pot’ digestion/ligation reaction with Bsa I and T4 ligase. Assembled fragment was amplified with
primers containing overlap region to linearized pET28a. The amplified fragment was ligated with linearized
plasmid using Gibson assembly and transformed into competent Escherichia coli.

A

B
M F1 F2 F3 F4 F5

BRTEMRBIHEE
HELAL R 7%

Figure 2 Construction of plasmid containing mutations. A: Preparation of fragments containing mutant

& 2

sites.

Lane F1 to F5 were PCR products with F1f/Flr, F2{/F2r,

C
M F E Mix P

A FORBALE IR B By 4R A B AL AR 5. C:

F31/F3r, F4f/F4r, F5f/F5r primers,

respectively. B: Preparation of ligated fragments and linearized plasmid. Ligated fragments were amplified
from cut-ligation reaction using F1{/F5r primers, using fragments with equal molecular ratio (E) or mixture
of fragments (Mix) respectively. Lane F was amplified from pET28a-FBP1 as control. Lane P was linearized
pET28a. M stands for DL5000 DNA Marker. C: Bacterial colonies of transformation using ligated fragments from
cut-ligation reaction products using fragments with equal molecular ratio (left) or mixture of fragments (right).

&: 010-64807509
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Malifb A DNA R Bk & A AR BL v e
IR A Ja 2T 44k, K A5 21 Y DNA R Brk DNA
R EBMIREYA TR RN . (55 E
IRHCIA TR DNA A Bt(0.04 pmol)iRA& ) M B
M4 1 DNA FBHE A (30 ng) MEA T -1
BN T, LABI® FLEFSe P71 K RE1S 5] Fi
KNI AL %S Fr B, 5 1L pET28a-FBP1 Jfi by by fs
M 4 3 15 B 1) A 2848 | BE i K/—3; pET28a

#4422 BamH 1/Xho 1 XL H 45 3 7 i K /Ny

A Equal molar ratio

LML EIR(E 2B). Ky R RImAR R ERYS
LMK E AR AL R 7 DHS o J8 A7 25
Y B, 28 RAR R 2 M 0 A R4S B K R TR
(K 2C),
2.3 EHBRNMEERNF

A3l A RS AR EC 10 AR TE, LLS]
) T7/F5r JEATHIR PCR %5E , 45 R B8 FA 7
FEX M BAE (B 3A). AR B 41 Bk A5 15 2
THUIRIZRAE, AR 2 AR T T I 4

Mixture

=
prd

M

1234567389 I10MIII21314151617181920

B 50 60 70 80 90 100
T A AR I A I I ot A M I A A DU I o e B e R o e
I W CCTTCGTCATGC CIC
IS M CCTTCGTCATGGR CIC
AW CCTTCGTCATG CIC
i cCTTCGTCATGGAGCAGGG CIC
AR GCTTCGTCATGGAGCAGGE c
AP CCTTCGTCATGGAGCAGGE
340
] iz L
FBP1 ACABATGCCATCATAATCGAACCTGAG
muFBP1 CAAATGCCATCATAATCGAAC ATGTTGICTIGTTTC
#1 AAATGCCATCATARTCGAAC A\TGTTGICIGTTIC
#2 ABATGCCATCATAATC NTGTTGTCIGTTTIC
#11 AAATGCCATCATARTCGRACCTGAGA A TGTTGTCIGTTTC
#12 A\ TGTTIGICIGITTC
500 510 520 530 540 550
cpvaselavia e e ea Lava e i Ui cos e e Dveeeee s ey ] i
R W GCGCTCTATGGCAGTGCCACCATGTTGGTCCTTIGCMMGGATTGTGGTGTCAACTGCT,
NS S CCGCTCTATGGCAGT CCATGTTGGTCCTTGCHE8GGATTGTGGTGTCAACTGCT,
#1 [eloleloyfoyvN{elclorYehy CATGTTGGTCCTTGCHESGGATTGTGGTGTCAACTGCT
9 CCGCTCTATGGCAGT CATGTTGETCCTTGCOEMGGATTGTGGTGTCARCTGCT
#11 GITGGICCTIGCHE®GGATTGTGGTGTCARCTGCT
#12 GITGGICCTIGCHE®GGATTGTGGTGTCARCTGCT
800 810 820 830 840 850
R R R R R RN RN
FBPI ACARGAA
muFBP1
#1
#2 lelelel
#11
#12

3 EHERNNEESNF

Figure 3 Identification and sequencing of recombinant plasmid. A: The detection result of PCR with T7/F5r
primers from liquid cultures of different colonies. B: Multiple alignments between mutant FBP1 (#1, 2, 11,
12) with wild type FBP1 gene and their expected sequence. The red boxes show the position of mutant sites
on the plasmid. FBP1 refers to pET28a-FBP1 plasmid. muFBP1 refers to expected mutant FBP1 sequence.

http://journals.im.ac.cn/cjben
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o TFEHIHXT R B, #1-2 Fi#11-12 # &L T
Wi 4 SRAr, RAEEIETIIZA(E 3B). i
HI#1-2 #1112 YR IER R 248 K, B &
H R B s iR & e T alidk, P ad i)
BRIV AT, Al LT PCR ¥ 1415
FIIEH AL H W R B
24 FEHAEXHARAIEMNM

WH AT Z R B, 3T RN AR
R BB R A — E R, i R
IEEA ML TR, HE 4 "R, W)
ARG B, SRR — E
5 ng BF HAROR B FRIR, 1 ng BT O STy
3 2 B
2.5 AYIERAEXTHERKF N

it U1 /% 422 S50 5 B AR N VT AR R TR
MR o, TEIEFERGOUPE T, REM R A %
Fot AL %E o U N AR R N DD O, R
B DIt P 2 ARG 428 R BERA T B s i /)N
Y NI FHE R 2 1 U J5 455 52 A TR,
JH 0.5 U BHAREM I8 R H B 445 5), Bt
A IS 7 1A 22 DD B X T R B 3k
M 45 70N

Mixed fragments mass (ng)
bp M 30 20 10 5 2 1

5000
3000
2000
1 500
1 000

750

500

250
100

4 RERSMEREMYT BTN

Figure 4 Influence of fragments mass on the
assembly and amplification. Band 30 to 1 represents
the fragments mass (ng) used in the digestion/
ligation reaction. M stands for DL5000 DNA marker.

&: 010-64807509

2.6 EEMAEXHERIEN

F B B AN R PE R b T 25 /E T4 DNA i
MR VE R S8 e . iRl 6 B, WG &4
fifiFl 500 U () T4 DNA #3520, Fi 25 1% He i 5
BN, B3 AT S RS . Y T4
DNA #HEEFEF RN 100 U B, 2 03 H
4570 , ULEH T4 DNA ¥4 3520 FH w6 F B il 4 2%
AL

Bsa 1 (U)
bp M 20 10 5 2 1 05

5000
3000
2000
1 500
1 000

750

500

250
100

5 MYIEE Bsal AEXERMY IEAIFNT
Figure 5 Effects of endonuclease Bsa 1 on the
assembly and amplification. Band 20 to 0.5
represents Bsa I (U) used in the digestion/ligation
reaction. M stands for DL5000 DNA marker.

T4 ligase (U)
bp M 500 400 300 200 100 50

5000
3000
2000
1500
1 000

750

500

250
100

Bl 6 T4 DNA ZE#Hg M 2 X 4H R BN
Figure 6 Influence of T4 DNA ligase on the
ligation and amplification. Band 500 to 50 represent
T4 DNA ligase (U) used in the digestion/ligation
reaction. M stands for DL5000 DNA marker.
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3 Wtk

RO | JHA G B3R B 50 7 ik
T SHNZE . Gibson EHI Golden Gate 3: 7] DL
— e B A I SRR R A, 9z
T2 H B2 %% e s 287 o Gibson 225 JEAER%
MR . DNA A BFE BRI L MR T
(2P Gibson 4162 K BE Y17
SRR, REREAS AN, U o R
G AN TE A %E , 2 — R ARSI )5 E 2
H Rl 225 Fr BEBCR 38N, 42 i Rk
IR, de Kok SEW5E AN, Gibson ZH3{LTE
PEAT 2 B ve e A, IR TR VA B R TR T AL
T H 5 LLTE 80%LA I, 4 R Bt R 70%, 6 FrBeht
MR TFREZE 25%4 4, 8 H B I RLE
20%LA R, Fu ZEAUIFGE R, Gibson BBl
B i e iRk F] 98%, 1 3 BUSINR T %
2 65%LAT, JF H T S A TR By
60%1, Mk, FEELIRE A BECR I, wYE
TBORT BRPE TR 7 L4 2 B 251 I S A0 s 1 T8
T RVBGAE 57 3 i #5110 852 25 RCR RV 1Y) Bk
KN, BB ORISR, ARG B E T
K22, A, BT Gibson 20t % RR AN TG
AR RN ] N 58 3R /NT 250 bp 7Y DNA Jv
Br, REOTREIRM, SFIE O 75 L3 i s A4
i R BER AR, WIS K GC &
SN IWE RS ) ek Al 00 5 2 | R O RS
R E FE TR I 4L 45 P2 FE AR5 1 B
T, R 4 ASSEARN K B LR 4y T
54~ 350 bp LA F 4 B, 9 HA 3 R BUNT
250 bp, fii il Gibson — 441 % 2 WA A K

5 Gibson AN JH], Golden Gate 1424 A 11S
TR L )2 P B 0 - 3 R g A i 7= A D
R i 4 58 R BERI AL, 0] LT RE W Bk ARk
LR AL b FE  Golden Gate ¥4 FHAY 1IS B Py V) il

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

f34% Bsal. BsmB I, Bbs1 1 Sap I, Aht: A v
YNERR S 2 B RE IR ZH e 1 G . Bsal.
BsmB I #l BbsT A= 11 4 SR AR I A 256 Fi
AFRFH), Sap 1 F=AER 3 B oA 64 Fh
A7 4 . HamediRad 555 T AT 4 B 2801 AR i
BRSO FUER R AT T VP4, AR R
AR Z ARSI AT e, (R 96 Fhiff Ay
AL, AT LU T2 2 10 H Bery v 412520,
Pryor 83 o X B A S B T vE 4L A, A 3
BRI AT T 13 BeAvER 412610,

Bsal. BsmB I Fil BbsI %l 6 fLF51; 1M Sap
LSRR, U 7 BRIP4, A LR IR,
— AT LAIX 4 Fhigrh et i Berh A Y
HTF Golden Gate 4%, L A] DUl & i 5848 £
BB SUIT AN, Agmon SEWFSY K BB
FBECE RGN, AL S TR TR A B R e b,
B 3 B 58RI R 92%LL b, 7 B
RGN RAT AT LUK E] 72%27, Rtk 28050 F,
Golden Gate T 2 h Br 4l 3 ny o B0 T
Gibson 213 e H & B PCR, HoAfE— (1 PR A
REHIA, —K5 Golden Gate Pt & M 2K
IS N YIEFR I 5 22 Boxt th B0AE 22 sa B fr i IX.
S, AR BAE 2RI NEB AW Golden
Gate i fl & * 1 pGGASelect , addgene
#195714), [HICAEGEES T 1IS N UTBEEXS B 28 60
Y], IF HICT R AR A T et AL A BRI AT — 25
50 A e 5 TE I o T LA Y E AR ANE £ 5
A7 5 DX RO H B 1IS B U1 A5, IF HAE
HAAZRX I &H Golden Gate # JHY 1IS FEHI{;
SRR —FPE LR, MELITE Golden Gate ZH 2% H
A OIS F SRR R A
Bsal, FHPZE RPUIERA P FF WA BsmB 1,
TR o B 28 b i Y URAS B SR B EFRIC
FEA RIS R 4 Bl 5 an SR Se i
Golden Gate — 4B R|FLEH A [, FHHAM
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DK HEA F BOa BB H AR A b, WA R Sk
b BT T 2 owkE, JEHHB B3, Agmon
SRR T EME BEREA ST ThE FAY pRS RN # A
H28 1Y Bsal F BsmB I fE7) 03 5, I 22 vaké
NPT, BT pAV RAIEHA, nTIH
FEM§i ] Golden Gate ¥:2H B R TH i RR5E s AR LT

Kowarschik 5% KA pET-28b %‘%iiitéﬂllii_

F 2 JLTh DNA Z RERBEH R

Table 2 Comparison of several DNA assembly methods

Trofs, ME TP BT Golden Gate 412419
pET-28GG # /AP {HZ 33 M3k & 4 Golden Gate
— AR BB, RAETIZ
(Al It Gibson 15 Fl Golden Gate i) — A 2H %%
AR AT B A, (H LA e s SORT BRI R 2R (AR E —
SO LT XEDA— 25 S8 B 2 5 v b SCIR AR Y
PHRE B 2 Un B AR W B S e . 3% 2

Method Day 1 Estimated time Day 2 Feature
Overlap (D Amplification of each fragment and 1.5h Identification of ~Assembling more than 2
extension  electrophoresis clones with PCR  fragments or optimizing step
PCR @ Purification of each fragment 0.7h 3 will extend the time cost as it
(OE-PCR)  (3) Overlap extension PCR, electrophoresis 2.5 h is not easy to generate desired
(6.5h and purification of desired full-length fragment full-length fragment in this
in total) @ Insert into linearized plasmid 0.3h step. Re-designing primers
(® Competent cell transformation 1.5h will extend the periodicity to
3 days or more
Gibson (D Amplification of each fragment and 1.5h Identification of The time cost is minimal, but
assembly electrophoresis clones with PCR identification can only be
42h 2 Purification of each fragment 0.7h conducted the day after
in total) 3 Gibson assembly reaction 0.5h transformation (day 2). It is
@ Competent cell transformation 1.5h not easy to assemble more
than 3 fragments or short
fragments. Repeating
experiment or re-designing
primers will extend the
periodicity to 3 days or more
Golden Gate 1 Amplification of each fragment and 1.5h Identification of  The time cost is similar to
assembly electrophoresis clones with PCR  Gibson assembly. The ligation
(4.7h @ Purification of each fragment 0.7h efficiency and fidelity are the
in total) 3 Golden Gate reaction with specific vector 1.0 h best. Vector used is restricted. If
@ Competent cell transformation 1.5h not, additional clone is needed.
The periodicity will be more
than 3 days in this situation
Method in (D Amplification of each fragment and 1.5h Identification of The time cost is similar to
this research electrophoresis clones with PCR  OE-PCR. The fidelity is
(7.3 h 2 Purification of fragment mixture 0.5h equivalent to Golden Gate
in total) (® Golden Gate reaction without vector 1.0h assembly, but additional clone
@ Amplification, electrophoresis and 25h is avoided with the PCR after
purification of desired full-length fragment Golden Gate assembly.
. . Purification of mixed PCR
® Gibson assembly reaction 03h ) ] ]
products in step 2 is concise
© Competent cell transformation 1.5h

and efficient
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PO T AL B AR SO AR N B LFR R DL T A TR
R 2 R B i B 3 A4, &
AR BOA IR . TR AR A
J %M Golden Gate %%, PCR ¥ 341 Gibson
2 3 AN TP AE, BARP IR N,
HEZDEBA AT fE— RN E M. BEER R, &%
77 % H4& Golden Gate ZH %% 11 Gibson ZH 2354 H 1Y
ori: FBE 4% 22 Golden Gate 1AL
PEAR o % 4, VERREE = 5 T B S BUA R A2
FFT B Gibson Z%¢, AHETH Gibson 35— 4
2B AR KRR ; 5 Golden Gate
— LRI, AZEARRS, BEEEEN
BrelER| HAREAR b, B T IR TERE, S
Sl A B

WAk, {1 Gibson WEHEAT— B LHRERT, 2%
A R B UL R AR ) 75 AR AIE — 5 1 BE IR L DA fR
IEE AN, X — S TE# T 2 F Be s et U &
B PR SEBRAERAE v 5 B 25 R B gl A Tk
FE L, 456 B MR R - TR SR &
SEPRIET), EBLEM PCR F1 Golden Gate
PR B S A At A SR R L T AR AR
PRUE T PP RER R ARAE , RS I A
% BaF AT UK A B S AR B Bl
HEATAA, TR 5 A AR R Be rY B e 58 s Bk
RE—EREEraite, BEE R BENIREY, 4K
Ja R —E m i R BIR G iE1T Golden Gate 41
2, RN A TR RS B AT 54T PCR 973 .
XA R/ ING | Bedb A iR A sk, B JCiE R IR
MR ZR A B R IR L —BohE , {45 e Bl
A RERHOREAR, Hidst PCR B AR /i
A BEREY 3G, T o S 8k &
X PR 2 Bed 2 o 45 e Bl gk
Triaifh VREENNE | R B FIRAA 45 H UL A0 SRt
17 1 itk

FI AR IR 2R E T H R R

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

AR, W TG Bsa ) FH & &
F BB R /N, 13X AT RE S PN 5 2L PCR
A LUK A 3R /i 4 2B iU e B 3, RIS g
FH (R s/ o] RE A A5 B D) - 34 3 S AR 72
5y. BT 1S BN VIR M6 4, @ o En]
N Y A A R N1 2 7 e N 0 N S
F W, A KA B X R 11 48 52 AL, X
KA TS BRAMIIEG T LI Gibson %1
3 FhEEEA T A Be SR fb s AR A, XA Rk
— L AR S B8 AR

ZEAHT, A FEEA Gibson A2EHAS
Fh AT Golden Gate 4% iR R R s, T
B 7R #h T Gibson 2H %% il Golden Gate 21 %% fit) = %
BB 5 1% AR HERE T, M pah Rk
B 7 ZERE s MERA 10 2 BRI 2R SE &2 0
AR RAEHES A 2 B A 2R B il S5 O 5
AL S5 25 A FT DA — 2 18 i S 50 550K R AR
SR RAS, R ER SO T B Ak 2 B
FMER TR
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