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Perspective on the novel methods for DNA assembly
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Academy of Sciences (CAS), Shanghai 200032, China

Abstract: In 2010, the artificial synthesis of Mycoplasma mycoides triggers the new era of synthetic biology. This great
breakthrough is achieved mainly thanks to the powerful DNA recombinant ability of yeast. In recent years, except for the
methods used for large DNA assembly on the basis of in vivo homologous recombination, various different DNA assembly
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methods in vitro, based on the concept of DNA ligation or polymerization, have also been developed, such as
Biobrick\BglBrick, SLIC and Gibson one-step assembly. Application of these new technologies has greatly accelerated the
construction of synthetic part libraries, biosynthetic pathway and even microbial chromosomes. In fact, all DNA assembly
methods are derived from the combinations of DNA joining and organizational schemes. This review describes the brief
introduction of the main in vivo and in vitro DNA assembly protocols developed so for, which will benefit the construction
of different types of synthetic functional devices and also biosynthetic pathways in the research of synthetic biology in

China.

Keywords: synthetic biology, DNA assembly, functional devices, biosynthetic pathway

2000 4F, DIAEMIRG% (Synthetic oscillator)!
kK (Toggle switch) (1% 4 22 19 A s 2
REARERRNE , B G AEYAE N — I TR
I IEHEE R4 4RSS, T, Craig Venter SEH%
S5 T E R X IR AR Mycoplasma  mycoides
“Synthia” g N TAYEPT, & sk W20 5 B
BT ER R, b, A A UR T
A, FEARGLE T DNA K B 2 07 A 90
EJUAFR, RN RIGFF B . B RES 25 MAT i 55 1
Ty e 8 R 2 RE ), & A AN DNA 2 Bt
RRE R IR MO &, HAARA DNA
AP 2R “Inchworm method”™% ., [FIR), i
ARSI DNA K Fr Beity JryBR P, LATE SR il
VI 8 5 AR A chew-back ZH 25 1E A B B
&, BRI RARSNE R )T B s A, I
4 Biobrick\Bglbrick” ', SLIC!"'5 Gibson %
— AR ek py | RSN DNA A
FHARUEA: , Jnsd T4 A PraEshie oo ke A4
W& sl h 2 Rk g e AR U N TR, i
TR TR RN gl E S L)
B T 20 AV A ek 4 TR 2 JEE

R ST A K S BRI S, AR SRR T
DNA HAFEATE, Z0R 1 IE JLAFRA R RE
DNA ABSHT5i5, DU A RIZRBAY & A= 9
FOVRE A 1F DL R A W LR AR i R B 4R A 2K
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1 FEREARMAEKADNA KF BRAE

[[] 7 & 2 (Homologous recombination) &
&S A REF S DNA 70+ Z [R50 N0
HHTAE, HFEBE Tz B TR R |
G AR FINEE PR BB 55 40 T AR W ST o AR AR
DNA 73 #id 100 kb hf, DNA FRANH 2 +7)
RIXE, [ A LR R s . MAEC
P& FARN K A B DNA 4U8 A : K
JAT . BRI R S A R M AT A A . X SE R
DNA HHRENHIFI K, NIEWsE T B A
Qe R 5 R & iR B (DL A EHT R
gt EYE ARG S A ESE) WHZE T
S SRR,

A, ARTIERN R RERY, RN AR
FEAE—SG[R) R, LU AN B AT BE X KT i &2
BB, B R BT TAE;
A BAAAE R s [ PE I, T RES & A IR 1Y
A, P, MRS b, B
7% TR EE A LRI B SR B2 AT
R N R Bt DNA BFEE 575
1.1 EBENSHEUEKES

VER—FhB A4, TP Rl 5 — 58 I
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T B A0, T R DNA [R5 B4
AE ST AEAERY T fE M, i Larionov 5542 H Ao L
LA |
recombination, TAR)HH T &8 N ZFh DNA £
WY, SCEL T RS TR L B A A
AR /N BEFE A (InZekifh S K]
4) Fy et
1.1.1 Gibson /&P — 354 23k

2008 4, Science Z+EHIE T Gibson M Hi[F]
FN T A A FHIE R AA Mycoplasma genitalium
FHH (4K 580 kb) (RETESEEP, Ml TE
Je R A B B AR AR T A 4%k (et
Gibson 25 —vEM ) PEWT 0, #9487 R
A 1/4 FEHA, (HICESCEHE KR BO4%E . A
i, JE R AR — 25 R 4 B T A B SR
R SERIEHA, FTLLZF SRR Ry . R B
DNA (=200 kb) 7£RMHF B BT M B 4
PN T Y R 3ne BRI I A, SEbr FIfAR
BT

[l Sl ik, MR R R AN 2 vk
JE B A SIS RN AH B PF e 7 7R L RAE
TR CFEFEH”, PSR
. CHEEREAN TR (YAC) I KiEH
2 Mb ) DNA 43T, DL BT OB 55 LA .
FAHE, EHR 0T RN PHE

mE 1 fR, YEEE BAC 5 YAC HIIhAEIC
R4 5| pTARBAC3 4K -, 5 75 41 51~ DNA
R Be—IF i AR R B L SE A e (R BEE S
X 60~260 bp AN5). i 2 J5 22 1 ik i b7 v ik 26 aE
SIEASRAMIE BRI T S “BEARE R —
F2), SCEL T R AN A BE A S TR L PR 4 1 T A A
B, L, 2010 4F A& A Synthia” I HEE

(Transformation-associated

SRR R IERE [, A N T AN, 2t T
AR

JEH, Gibson MFEMEREH—UCPEHAE T 38
MEEFRTY (FBEESX 20~200 bp A~
S SRR T BERFALE £ T BE DNA I
fE, MIGLLWEEE Synechococcus elongatus Yok
F BRI (RORE 450 kb) Mo T4, [
A, R R AL T & H 2SR I R P 22k
Jiik——DNA ZEfi 4% (DNA assembler), Jfi1)
N F D-ARBERHERE (9 kb), FORERAY &
BEAR (11 kb) DL H A G (19 kb)
(PR 255120 KRR 4L A 0 IR R
AR fRTAE | Ak, R T B JEORR AL
Wl B bs e

60 bp hook oligo 60 bp hook oligo
Not 1 Not T ARs
Cm (R) ’ \

ori O\

repA
9 kb

& CEN6

pTARBAC3 HIS3

N

parA parC
parB

1 ATFEBE8AREREEAKTF DNA HIEAHK
(PTARBAC3)

Fig. 1 The vector used for DNA assembly at the
genome-scale in yeast contains both BAC (shown in
orange) and YAC (shown in green) functional elements.
The “hooks” are added to the pTARBAC3 vector by
PCR.
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1.1.2 WYIRGE RS AP

ZEN PRI AHAE , B B T R B R
(Step-by-step) Wi, BARERAER BB, A7k
R, LM R B (A AE A e R R R
R R R 2 BRI, A T RE S B R
%, 2011 4F, Laura SF7ERERHANIT & 1T —Fh
PR AR BHEIEDY, Bt Se Bl T R RIS I3 %
FER R B R

VE# 8 5 W B A R N U)l S5 s B bRl (a0
HO/LacZ 5 Scel/HIS3) M= X ffiff], wlKZA4
BB US I B BE AR b, SCIL T /AL R
VG BGER AR . TS AR ZEE
FEREREY R b, PR N 1ok i il LASEER <
™ KL DNA 43 F4i%e, mideemerk ik
REAE S 49M
12 #HEFHREFRNSHERABX R EHHE

2005 4F, Itaya 5K A “inchworm method” (2
(LR P R R 1 P B S ARk,
Uf M Synechocystis FEFIZH (3.5 Mb) A
FIRGE AT, T 11 7.7 Mb B
FEAH . AR, 5 A2 100 kb LA i) DNA
B R, N A2 B TR TR, MR
FETF % T —FF “Domino method” "', & B2
AT B R N A 3K (BGM vector), HI/MA B
(4~6 kb) &, I FH )5 5 4 5 3B G e
X, IAE T /N RSN (16.3 kb) Al
IKREHLARSEIN ] (134.5 kb), 1B T HAHERT,
AT A R, H AT AR 2038 0 8

F5C 1, 4 DNA 43 F#id 100 kb J5, DNA
AR BRI e A A IR 2 5 T 3 R . 2010
AF, Ttaya MRS TZESCI0 R B, & KTk
(KT 100 kb) B RIGHTF RS R IR G m , Horp
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1R BORAT RE S AR A7 E . M HARIR & R AT
SUHW S AT R IRSZ A, ALK DNA KRB
Fe e B B ZF MUAT PR A B LA L o SRR TR 2R
ey, SC DNA K& B EE b s,
¥ Itaya #RZ K “culture mix method” 7,

Zi b, MWJL kb ] 'H kb %19 “Domino
method”, LAK FH kb EAEFCRER “Culture mix
method” , fx 5 # JL Mb K F BF W
“Inchwormmethod”, Itaya 7£ Zf fd AT b H &3 T —
BN ERARFRREE DNA 43k Z, HNH
(IERESEE

2 A RJEH DNA RN R 7 i

DNA fb2= G B, 1E 4 %< DNA ZrF 1 A
Z—, A skl P [ A ST P e — R S B
(Phosphoramidite chemistry)>®, 1 T-& B B 7E
100 bp Z W, & AU TRV H% R
MY o MR FE— 2R G e P (Ligase
chain reaction, LCR) R &EHHE: (Polymerase
cycling assembly, PCA), A] LISZELSEREFL A 1) &
WP, EPE RN DNA FBPRE, Ekrsc
TCEMAT: . BT LA, &FRUER DNA (ASMH
BT ARG A, SR T ARG R % R 0 R PR
P, S TCIe TR DNA F B H 2 R
E AT A AR

BEARIRSD DNA 47 AR B, (HAR 2
Hi DNA PHEREAILENTA MR, WhTm ¥
4% M4 (DNA joining) 5 £ Fr Bt 4 % M=
(Assembly organization) HJIGEPAH G, IB4x
SO R AT A AR e R, BEE AR
FERIIEIN, GRS G AR AR B, AT
BRAE RS, PRI EAEFIYIRER DNA 2 H0e?
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5, WP A A 2 Iy VAR AE S R TR L Y
W7 IS TS0 B X0 T 4 [ AT A 7 15 2 o)
2.1 DNA HEMEKRER

DNA 43 HEAR AL 46 1 M 7311 S8 AR
52 i B, DNA 2T, nfE
T 7V At B[] R S S 55 T, A S A A
ToKPE” RIE DNA 428, i N4 gl
T4 R A X, G R EOR G Y AR
(# 2), SEBLrFEPFE . [, AR DNA K
FB, BT ZA AR Boin L4,
Xt K& B2 By 2H A AR

e SCURRDHERE, ROTCATATET “&
G BEAPHED S “Domino method”,
W BB T ILHAr Be— W PEDFE Y Gibson A
WD AR SR b, RSN R E L
K H—FhEE 4k (Hierarchical) ZHAEHE= (1 2),
BT 22 i D B g 1) R e R AR S B R R A
PAE I 2 BUH R AR S P o A S
MBI G, 774 T & R4 HERY DNA R 4h
BT, AL TR AR SF R AR A
Gibson ik — ¥k, MU G W I i 50 B
(Circular polymerase extension cloning, CPEC)
TR TR A SEARR — B AR = P R
iUl DNA %607k iy A =, eadh—JF4%
BT A R RO R N DRy IR AT R, R4
TR 1P,
2.2 WERIRAYIEH

R DNA REARRET, 58 A8 i 4
FEBERIG, WA AR . HSE, 78
B AR LR DNA 37, 58EE S A8 #R a7
FFAn% R, AR R RS DNA ZH 238 i 4l 2

PR 5 — R O Rl /N e, R 20 22 3
¥ G SR AR, (T AR A BN
RERVZHAE ), T ER AT MR 1) SR
KB HER P . SR AL G s s PR
DNA RAMRIHI KB 2) 4l B xg
Fr B v 7 HE AL AT 2 5
2.3 DNA RIMAERIE N E
2.3.1  FREMRE IR SRR Y

B 2% DNA R B/ H roim,
TR HLBR I DB T e ke, KRR AP
Mo TR b FHR— LR () T H i, (45
[ FE At U1 L5 -5 DI BIAL R — By TR R
PP PIRESE , LAEAH T AR DNA DF A
MREF,  H R AR M R RO T 1

B 2 DNA HEMEARES (EEARD FHER
8, A, B. CHAlRKERE. BRES5EH: AEAS
FREHERER, a. b, ¢ DAIRREBERRM. —RMH
BHESERUAR)

Fig. 2 Fundamental concepts of DNA assembly. In
general, two DNA molecules can be joined in one of
three ways: ligation (A), polymerization (B) and
recombination (C). Small DNA fragments assembled
into larger fragments are achieved by three
organizational schemes, including assembly in series (a),
by hierarchy (b), or by pooling (c).
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1) Golden gate cloning: A — P4k 11 Y
BRI IR (10S B, U0 Bsa 1 Fl Aar 1),
REAS 7 H: DNA YU AL i AH B & HEAT BT 1T,
RNA BN AL EAN W A RBFE51 gt vl )
JH 17 o R 1 P 7 A= AN ) ARG 1A R O, AT — I
A LA B, sl 52 A BU2H 2 i BR 1)
PP AR, 0 HLak ] #EAT Jo 48 % 4% . Engler
AR b E A S RN R H R (Gene
shuffling), % J& T Golden gate shuffling 77 %%,
— IR 9 NN B SERRPHE, T
& B ATIA 19 683 it AN[R] B4 4R EE 1 g D ik
S I DN A=y €SN ) - Sl L U T
X5 T T R R A, TR %
AL 1) — o DA 114 5 P 2 G T 2 s 0.
L QA R
effector nucleases, TALENs), i Ti% & 1) DNA
S55 AR O R T 9 22 AR /N 2 R
MPFT AN T4 SERT, Golden gate cloning IE
G R EER U OT BR T A TR K
Uig, AHH TRl E R EEX, Wl T2k
DR ROR . Lean, BREVEESE A B — Rl U0
3407 51— (m)CNNR (R=A 5 G)——¥ II S
RN DI B Mspll, & & T — Ff MASTER
(Methylation-assisted tailorable ends rational)
DNA %77k, IRIZINE R ke 7 K@
BERF R AR R AL R AE A SR (29 kb)Y

2) [A] BB R Biobrick\Bglbrick: & T #4
AT AN T RS, S YR AT
55 Z— R PAR AL B AT (Biobrick).
2RS4 PCR, DNA B2l sk A2 BlAL A hL
AR T, G5 )8 31 RS G AL
TR R 1k 460, i s 4 it

(Transcription activator-like

KR B DIREAR 1, BR 1 L3442 KA Golden
gate cloning , & A — F K i T 7] 2 W 19
Biobrick\Bglbrick 7711,

[F) M (4n Bgl MA1 BamH 1 . Xba 1 Fi
Spe I %) &4 —2& U DNA 731 HOR R IR
FEa , AELRE ™ AE A [ Ak P4 A o P9 FIR i 14 A D10 o
U] B P B R, SRR B BEDI L 0K R
SAFTE, WA BER AT A R B i 001, 355

“HRIE” ORAS . B, RO OR X R

fitg, SEATLISEEL DNA FECZ A%, HBAR
Biobrick 55 Bglbrick Wiff i ik b &7
JEIR, (HJE#ERA B E A H AR S 42 AR,
T RGE B RB T W, i UHETE ]
Bglbrick 72,
2.3.2 FHIHEKER R A Chew-back ZH2%

1E kg e pA R S D) A R, T RR
PE VIR — M HBE ™ A A i 10 S s 1
Ko (E&X), LW EERFB ULt kb LI
b BB, IR 225 ) DLk R A A
HIF] DNA SMIJBE ™ A AR S R e 7 5P
I, XTI Chew-back 414 . fie RS IIX
P Y 2 O 2 W AR RO A SC B (Ligation-
independent cloning, LIC), 7EItFEAN I ALK K&
J&T SLIC 5 Gibson 55— L%

1) SLIC (Sequence and ligation-independent
cloning) M H:okit i

LIC FZFIH] T4 DNA RAMMFRERE, 76
— PP AFTE R S, BEAE R SE A AR —
B, MR R AN S, ANTTHERT R BEIE] A AT
e, B LIC HARBHAMA R B (Bulk5 Bk
), N T —IKHE LA DNA 531, Li 5 Elledge
TFR T —Bly ) 5 % e R AR R s b Rl
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J7 ik EEANE 22 FH T4 DNA BA S MIIERE
PEAERES I chew-back, ;= A=AN[A] 1) HLEE DNA K
Uity o SR 5 R FH L5 IR K 51 RecA /SRS 4,
TSR 1 R B HF% 5 4~8k 10 B

SLIC J7i BAR— IR AT 10 R B,
HFFEARK Y DNA EEIX, WML 4 4B
xR/ 40 bp KWESKX, A THDESXN
DNA K, FEE51¥& 2%, Schmid-Burgk
EFIHERACH R, TFET 1 IHATE 20 bp
HEXH DNA A58k, EAIFRZ N SLIC
Stk AR, TR AR S PR R
I BT A AR ID A (IUF 3 Fhiid), st
REF XL ID 5 FikA 43 09 REk 11 75 BR i
B, sl LIS 2 R Boh 48 R DNA (b T
100 kb) FSFRACLH RS o MATTRE X BT EE R T
FPREESEZ DI T A0 (iPS) R R IR EE AL
#, B TR R, AR IERE, W
RISCEAR IR Jaok, MR XI5l SLIC 2
i W] T B SO R ) e SR T R RN T A% il
(TALENs) WA, #HH Golden gate cloning J7
B, HEEMEE SRCREA i, [REHEE T
TALENS 53 f3t £ 2 0 ok (g R U

25 PR, S A AR G BEE T B )
VSN FE T FE T 5 — YR 4 2 AT BB AS TIE A9 9F
e, FE b, BRI MEUNZ Gibson ZH
RETTH, AN b SCHRE B A FH I 2 AR SN T
A TEGE S JFARIE AL (580 kb)*?, R AL ER S A
AHA—FHAREMER Gibson 3 E——
Gibson & — 2,

2) Gibson &5l —0 1k

HAR SLIC btk A T —Fh -4 R
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) T4 DNA 4G, HHE#HTHERER
DNA #%%, Wi HifEdabd = Ase . Bk,
i1+4r#EFE Gibson %5 JF & A9 45 — 4k, N
SHZ T BAM T S TC AP , T H 41 R
Tor AW, BRI R DNA 43§ K/ A
1.08 Mb, Gibson &5 — AR IH R HIIL T 1Y 55
PR, B R B RE NS T4 DNA 45
(BT A A OIS 3R A S ) 4k TS 41D
fit 1 Phusion G/, [FIINT Tag 4N

WK 3, T5 SMOIEE RAT AR E T, 72 50 C
0 B A R T o 3B ek s B ] D, TS
ST 2 VI H] DNA 2k — @ KR 3 gk
A, fE Phusion REMS Tag EHR S T i
Rk, Al LIRS 7 B iz . SR )E R A
Not 1 BVIERAS — %=1y, Mmial 47 R —
DA EE o XA E R ORI S 1 BB T R i
HAES A 3 Fhos R REER R, TSl T KRR
Ji DNA 7 ¥ IO Pz

3 RESRE

Bl & A A R R R R, AN TR RUBE Y
DNA %771 (RINSARSL) #RFHARTEE o AR
XTI A B RO, (B el e ik A )
Fik, FEIT =M —R4I3EH DNA 4R
[, TRAEHAZ. DNA F Bl 4 A EIR 1A
e, IR T IR R . AL e
G EERRN — 2 R BLRe s, hF A
SR ML, FRAK LT DNA 4307
I RRHE . FIR, AEA G B P A ] sl
B)—353, £ F DNA 41258 07 s e AR TR
1))z AN, KA 2SR FEE R, WIETT
JR R FAZ L R RIEE | RBAE IR YT AR,
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3"

Phusion polymerase E

3!

5/

Taq ligase

<€---

573’

3 f
5’ > 3 & F2 F P
3¢ ) ~
T5 exonuclease i Not 1 Not 1
50 -3 First 40 bp of F1 First 40 bp of F4
3 '_5:‘5,3'

pCCIBAC (8 kb)

3 Gibson ER—¥% (EEAH DNA 5 FH#ERZE, AEANE REBRERKK)

Fig. 3 Gibson one-step isothermal assembly method. Two DNA fragments can be seamlessly joined into a molecule
due to the overlapping end in a one-step isothermal process, involving three enzymes, including T5 exonuclease,
Phusion polymerase and Tag ligase. Four DNA fragments (F1-F4) are assembled simultaneously using the cloning

vector (pCC1BAC) and can be recovered by digestion with Not I  for the next level assembly.
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