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Technologies for DNA Synthesis, Assembly, and Transplantation

Abstract

As an interdisciplinary subject between biology and engineering, synthetic biology has shown more and
more applications in the fields of biomedicine, energy, new material, etc. Synthetic genomics focusing on
de novo design and synthesis of new life system is one of the major directions in synthetic biology which
relies on serial techniques including DNA synthesis, assembly, transplantation, etc. Here, we summary the
current developments on technologies in genome synthesis, which aims to deepen the comprehension of
the technique systems and shed light to the future development in this field.

Keywords
synthetic biology; synthetic genomics; DNA synthesis; genome assembly; genome transplant

Authors

LU Junnan, LUO Zhouging, JIANG Shuangying, SHEN Yue, WU Yi, YANG Huanming, YUAN Yingjin, and DAI
Junbiao

Corresponding Author(s)
DAI Junbiao "

1 Shenzhen Key Laboratory of Synthetic Genomics and Center for Synthetic Genomics, Institute of
Synthetic Biology, Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences, Shenzhen
518055, China

DAI Junbiao Director of Shenzhen Key Laboratory of Synthetic Genomics and Center for Synthetic
Genomics, Institute of Synthetic Biology (iSynBio), Shenzhen Institutes of Advanced Technology (SIAT),
Chinese Academy of Sciences (CAS).He received his Bachelor degree from Nanjing University in 1997 and
Ph.D.in molecular, cellular and developmental biology from lowa State University in 2006.His research
interests lie in synthetic biology and he is one of the key members in synthetic yeast consortium
(Sc2.0).More than 40 original research papers have been published on Science, Cell, Nature, and so on,
and 8 patents have been applied/authorized.He is the winner of Albert Lehninger Research Award from
Johns Hopkins University and the Thousand Youth Talents Program in 2011.In 2017, he was awarded the
National Science Fund for Distinguished Young Scholars.E-mail:junbiao.dai@siat.ac.cn

This article is available in Bulletin of Chinese Academy of Sciences (Chinese Version):
https://bulletinofcas.researchcommons.org/journal/vol33/iss11/5


https://bulletinofcas.researchcommons.org/journal/vol33/iss11/5

KIBRA
Key Technology

DNARYSRE. HEBRFBHRA

A BRAM =3

sk 38

R R FCRM WMERR

17 HRER

1 RERZFFERITHEZARR R GREDFRTR aREFAFARPL RIHERERAFERIRE
AN 518055

2 £RERA CRYIN
BRAZEYIRERLEE X2 300072

3 RiEAF WFIESKAFR

WE SREMFEAHNERREENILEH, TEENES. RR.

A 518083

AR AR ILA R AL 2 0 R %

Ao ERERBLFRAERENFNELMILTE, HETHAGKRGMKZIT L Ex, LADNA SR #HE
Tl BEFMCHARA L, XFFLEAMEARLEAMXBARBATT L, ARATHZEARAKR T HEG P,

T FRRME, R LR,

Kl HAAEMF, SAARMAT, DNASR, ARAPE, ARA%EEY

DOI 10.16418/j.issn.1000-3045.2018.11.005

Wit 5 0 P B R ) S JR R M P AR B AT, R
ZYRA SN, AR EYRE A I 32
B WS 7 AS AT SR . TTREE DNA 5 A B 2 K 4
BRI ERE, N G5 AL N 2 3% i o B
o FERAHR g, HESRENAMERIT S, —
J7 ] LIRS BESE T B R AR N g IR, fe st DAL I
WA R s 53— 5 T U AT DASRAT B 64 A= s A T
7. WA AR, RS NS AR AL Sk A
N YHTE BAEY TR B RR 22—, A LR 4T A
it MEFINRERAESE, J& T A T LAYk
FEHME o B A A TR R B PSRBT 58 U 25 A

*38 A &
KRB PEMAFEEEFERR (KFZD-SW-215-02B)
S ASI R B A 2018410 A29 1

1174‘2018&-%33%-%11%@

JRAER AL/ B DNA B, i 2hd i Jr 22 4 5
PRERIRSERE MG L R A, B I 90 S5 AR R A
T LML R S IIRETIHT . DNA 5 SN 2 PR |
R BRI A LN A 27 ) 2B 5 A 2 U %
DEAREFR, HRBAA I IE SN & AP 1R R

1 DNAG AR

DNA & AR G AR A, T5 2 TR
FHIMRIE, PCR (G HHEXN ) sl MVl T B R
BT 345 HAR L AT 19 DNA B, 1 DNA 9 Sk A 1
MR RLd i Oligo ( SEEEMZHAR ) R PHERTT AN Tt



DNA B9E L.

(HEE DNA F Bt WAl 45 Oligo £ WY BRI |
REARR A AR 2 J5 SR T I HRERE [R 245 1 A X B 5 1k
o ARIESREEE,  FRT Oligo IRy ¥ T 43 M B 20K,
BOFRD AL A2 AL & P IO R A B0
1.1 FE

Oligo Mfb2# A M HFF IR T 20 22 50 474K,
Michelson I Todd"""& W i 8 2R I B R — ik % 5
WTHRE TR A K. 220 e 80 44K,
Beaucage fll Caruthers™ JF & T & T B Ik 1) DNA & A%,
%, R4 K Oligo A LA ™ IR M EZ k. %
TR LG I e (RIEE) RgAk 4 AP ER
1) o H T B AT SR 1 A 27 SR AR
AR LK A R K, B HTIZ 07 8 Y Oligo K —
AL 200 MZFFRR (nt) o oA T4EmEE A, M 20
22 90 AFARIT IR R AR 1) B T 5158 1) DNA & UK
W, A BURA AR T TR SR Tk
R AN — P KD GO AR IR, AR TR B,
SR EA AR . WER TR A BT R R TR
AR A RSB EE . 2010 4F Kosuri %1142 Matzas %4351
R EARSEME , A S 1.0 7 v ks s T af
A IR SRR IFRL . Kosuri R T £ PCR MG,
FEMEY 1 B SERIT IR B, S5 G MR 255k, ]
PAE W B 3 200 nt IO SERZL T RR VR, ST SRR
TG o JEE A5 Y5 Matzas 2515 Bl 454 T FRAY,
38 1 P PR S0 IE A Y SEA R, SRR X
SEP AT R I MRS il 0 R R A 2
AH LA
1.2 BR MR ERUE

EI AR RS 2l Ak Oligo A B W5, (1
HAr K B BRI 200 nt 2247, 10 LA S R IR 2
Kl AR i TG R M SN 2l
TR G W55 05 Tl AT AE AR, B & i k28 T
MR Z M OEE . BHRIE K& RUSER TR =
AT IR 20 4D 60 AEART, Sk, EE

AR &R AN, X DNA I, A B THEm P
M3, W TR, ATSEEE K Oligo 1)
AT, SR, BRI R RN, B KA
£, 4 Jensen il Davis”' %} DNA BiHE M k& & &
M RRZE , R AT B R (TdT ) NSRS
BB R, AR EE k. TdT A5
(1) DNA A B ARTF K i e B~ ANTP 3RS
(2 1RO KR i B RTIE LAY RIE, I, Palluk %574
T —RhiE %S, Ml 14 ANTP 35 iDEE I i4
P75 TdT #4%, T8 dNTP-TAT & A4l 18 10—20s 1)
B[] 52 B DNA BERYIEAfR, 1 Ho] DU AT, Sl
€ DNA ERYE . %07 4 S B SRR AN (8 1Y i
fie DNA & 2RI A AT T Bk

2 & DNABEEER AR
M A CEE AR B BRI, bR R 41 RE L

HO B, wroe
O

&l

B AR

DMTO 5 WTIO0) DMTO B, wroe
O FIH BE ;O:
o\ IO O\ IO
NC ™Y R c™v
1O ]
0 Bi wroe N(iPr ),
©) L= pnig
JL
O B, (AT/C/GY)
DMTO > (AT/C/G) 0
FEOLZ: |k
- ,

. B, ur
B 1 AR BB Nk SR E R 4 T R
EA4FRE O (1) £FRP. BRMELERDMT (ZF A5 =%
AP R) AR, ARTF—#mE (A, dC. dG A= dT) Hhe. (2)
BB RE. ¥4 DMT #Rap A B 47 69 T2 5% Bk fic 38 33 vg ok 75 AL ] o
B AMRA7 499 5'OH Riko (3) Mt Fiak &9 5'OH TaeiL, wbr

b — 6 G REAR PR R A Sk B k. (4) Ak, @atabid
By B Z B B H BT, SEAN— AR R B IR

® FOM 52 mr1l 1175

AR RA _



a

Oligo 11T i B

3 Spel #l EcoRI INEE T Xbal 1 EcoRI IXEE ]
¥
-—
- T em = p
Oligo B/l ' ™ - — 3I0=
- 9 &
® cB8=-o=80-

POR4E TR TR m | e’

EEBENDNAK B
5' 3
5 — '
: : =
—_— T S5 STEE
——
g
5 —‘ ] —

IBK. DNARAES T4

' s
3 N SRR
5 - ——— "
s
PORY M > . 3
3 o 3
SERLERERIDNAR E&
f-_-'l + I I

BEYRIER

A2 AT AR IAEGIS DNA 435 7 ik

(a) % F DNA &84 PCR 4% %; (b) & F Xbal #= Spel
J&, B ¢ BioBrick 28 3 % ; (¢) 4 F Bsal IR 4] R 37 8 49 Golden
Gate A4 %, (d) AT 5 B s, DNA R &8 B k380
Gibson %1% %

i Oligo FIE ARG LMK B0, HOMUS S92 AL DA fE
A MRIREBLX ], LUF XHEAT (9 DNA PR AR BT
TR,
2.1 PsMALE

A3 R B KN L R SRR | R A 2 A
FroN R e AE, HETA ARZ SR AT LR . AR 2 14
5 DNA 23 HOAR M LR 7 T T T REE T,
S DNA BERUIE] | BAEERE MR I 0 7 A . U 3
B AR FEAE o AR SO BT T B 2R 19 AN [R1KE
RE

(1) JATDNAZR G869 5ok ZITEERERA L
HMECXT EE & XY Oligo, A PCR YA, AT LIXSA
HANE S XY Oligo HEATHEH 7%/ DNA B, 4R
J5/INDNA R Bt LLE & PCR W7 il AT 45 i 123k 1% B
B DNA FBr, PAHAE SRR, #E—20 PCR Y71 n LK
HRMH A B (Bl 2a) o 5% (polymerase cycling

1176‘2018&-%33%-%11%@

assembly, PCA ) JCAKIEAISMY) DNA 4/, HHN
ANTAMY Oligo FFARZHAE , #AEFI A, P, Stemmer
AEUOE PG TE S DY R BORL A — B Bfke . Smith I
WAL Tag RGN LIRS T ©X174 WER &
HHEPRIAH

(2) % F R E& 49BioBrick ik 4= BglBrick % . [l
2 RS T] (9 DNA J3 51{H 2 BB B H A IR A o 1 —
KERFITENVIEG, AN Xbal 1 Spel, {HHAIIFHIASHA]
S E AP USRI A o XA “ELm” R
R, TR LS DNA FBE41%E . MR
I JF BT BioBrick (AEH A ) 1 (18 2b) nl ]
T AT A G TT I bR e AL 2R 2 DR e
ST RB R L R A T R Y A, WORE T RS
FRYLHAE . M AndersonZE" IR H] Bgl11 Fll BamHI #5
R Xbal F1 Spel , AN FIA G 32 J5 7 A (IR 815 51 W] LA
X K Z B A BTN HER- 2R %
Jik, LIRS A4 K BgiBrick .

(3) T ISAFR 4 M A 378589 %94 . BioBrick M
Bg/Brick % AR AT LASE I B AR A BE R R 2 e, (R
ekl n | AR T A . B T R, BRI N
VIlGH A A 7E—2E 1S BUBRGI N U0 , AL A
FLSALER] — AN B, PRt T AR 5 5 PN D) il
AL, DA I B MR G, T2 i BT
ZEEE . 2008 4T, Engler R ILIFHLE T T Golden
Gate P45, HATTE— SN AR R B S22 R B e
ROcsE ks (K 2c) o EH Y%L Golden Gate P
HERYERL b, %3 T YeastFab" 'l EcoExpress! {41
ARG, AT TR A HE e R [ ak, nl
15 90% LA_E i) DNA 50K

(4) AT 2T ABRA4KE. LREETHER
SR 11S RYPR GV P9 DDA Y i He ik, ol T A I R
PR Ui B B A B, e DA SR B K By i e . SEBR
b, AN DNA R BofEdE, HABOHRE T IR S X
1 7= A FUOR o A s IR P U 7 A R R i AN



DNA BU& L. BEREBREA _

PG, Gibson 55! EHE BRI N I, SR 57 %
WRAMUIEE , IXA DNA AR LI DNA 488, Tk
1 Gibson 4% (¥l 2d) o Wy — 5T A] LASE SO 4
BERE, BOAIRIT AR o) — 5 il REEHR Y
FrBR/INATEJLE kb (T-08ExT ) , KR4 = DNA 144k
LR FITREIR B

(5) DNALIF 89473t e N T SRAL BRI
X DNA BB Hi A, 2 mxfC 4 DNA F By #
I, B BAY S0 — A W5 07 1) e A
B (E®oett) mbrEfl . FiR$E K Y BioBrick &
PRI L BE N2 —, 2B A W 2 Ul 7 A T
(1) DNA #RifEfbdie Jrik . R BioBrick P TE# 45 7T
FZ I8 8 R BIRGE AR T HE T 4% . BglBrick i
LA R fif e BioBrick f B 1™ A AR HEAL NS o TR
T VRATZE T A 2 PN DD AR i BB T L BR A 4 A
fitf #2571 iBrick #RifE"™,  [A]AF 5T CRISPR/Cpfl # AT
KT C-Brick PHEFRME", BT 118 TRl # bR
Golden Gate b5ifE, 135 MoClo™" I GoldenBraid 2.0%",
e g — 1 )y A T ITA 213 . 1 X Golden Gate 5§
PREMAN I, AR # 57 T MASTER #45:PA 5
B K B CAE vk . ILAh, I 5 iBirck ARiESEA
(1) HVAS 75, 5 MASTER {811 GreenGate 1545, AN
T ) S 0 2 A SR Az B 3 1) 0 20 A W e PR A T A o
b, WRefEdEE YT E AL, IR E e R
Gi 4 U RCE.
2.2 FARAEE

SRS 1 i BERNAT IR L E kb, H2 T 44
(i AR AN R AT IR S50 50, i LA R AT 1 45 ik
P8 X F Mb (EIJTHREERT ) GO0 A 1A b 44 i A
WARIE, BB ARSI RE S, W RETC IR S A
KIAFF I NEATY 1Y o MRS 2F AT 1 . W RE R TR
T I AN GHEFIA T4 DNA B4 A Red
YU ) AR BT LAA 5 DNA (14 i P 5 20 5% 42
B3 W] e T AL DNA B S A S 1 F 40

PIIEAT AR o BERRAE 8 ) DNA 4L 32, Homskny
7] 5 7 21 M R L E 40 ZAF AT O R HRR Y. 1991 4,
Silverman 45> i BE AT DLSE G IR 2 Mb 9 AN T3 (@
PRZ%E T 2010 4F, Gibson 2P HRIE & A 55—
Nt b, HARIS 1.1 Mb (96 B R 4 A 2 phy e #g:9F
PR AEI TR SRR IR EALRE ), Sc2.0 W H
(PR HE DR A B4 ) BRI SwAP-In (9 75 L5280 T
KRG AR B, SRAF 98 26 UM A T4 @ fAT,
20184F-8 J1, Shao S5 il HOKEERPI I BE 16 SR YL Ak
IR 1AL 1.8 Mb BB (K, JFARF3AT IE W DIRERY
YO RRERE IR AR . A 1 ARG ORI IERE, TR —
AFBETET- &, RIS g e R . B A B
PR, BAEEAE X, b, ZE 250
TR R X e AR B NI (AT K
K 12Mb ), 3 T B A2 e S5 A ) T A R e € P i
BT ENSKTE, AR T2 GP-write WU H (JEHNHRS
D PR,

3 BRREBEKEBREA

H TR AT B DR A U LR R A B A A
JE18, DNA EARE A, B0H e A AR5 )
MELL B HETE BRI b AT B R 2 PR . Xt S fif
BGRB8 R A U WA T DR R SN B
F A UL R A2 AR S R o) s S AR R, BR T
BER A Y (0 R DA R A R, R e (IR I 5
MR R — TR E 55, MEOCHGE B, B A
BEPN . WAER . A (microcell-mediated
chromosome transfer, MMCT ) "4 ] LIS 5 Mb 2% 51 )
Qe REE R . LA, bR 2% F T A R
PR A B G J5 1, e FLRE AT X iR o R 2 e 1 56
BV A A B Y™ A ANEE I, AT A S
i 700 kb () BAC 46", R (PEG) 51
# DNA #8522 % FH A DNA 5 443%, Gibson %5V A,
TR 22 R S JFARR K 1.1 Mb (9 A T4 iU 44

® FOM5z 1177



AR L SRR Z R A, SRAF A EEAAT A
A, SR, P TREY . PEGHETLEY
MG TR, BOEST. PSSR, LR
A S ey A R R

PEG [ T A LA 34 S8 DNA (45 %s, 38 0] LIE
S AR S B R RL G, B PEG A RN RL S
o BN, PEG nl LA e REISAE BTIABK 5 3L 3l i 40
FLAA Rl B, DA (87 T ek 40 L 1) T B 25 22 ok % %
FIZ RN, AHA R AT AGETT 32 R0 e B A BELAS L
Hol B AN, (HE 2 AR M A AR SR e —
B, PRI AR IR A R, Brown 550K,
Kz ZE M CH25%80) |, IR 4
BRI A EA FHRRE, ARREHEBNECE, 3
UEHE R W], R E 2B 2253 24351 il L 3 ) 40
HEATIERL A 56 R, 0% AT IR R 300 £5, HANSZ 444
AR TN, PEG A 5 B9 4N Al A3 1T 1 322
FHEERE RGEVEAT Mb O G s LR IR 22, Rt
T BRI Sy B aliAl AT DAk S 2 2 3 39 D0 ) (4
i, I HIHCRZH S DNA K/NURRHIAR K, FTLUL
DU, XTI IEIEAT 2 RORE — 4 o U R 8300 T
T BORGB 1) 5 R (A R R R

4 FERBRRABHFRA

B AP H T R BETE 2 Ik B R — e R A
fazhy, HREfFHCAME B, s R Sa AT
B I R A A AR, T R I 2 114 SR W B A A
EATEER
4.1 BFATRENRBEREIRER

HIED N B S CRENBRZY - W el o1 i DB R £ )
REAUMEOL T, XN N IR G G R TE A SRIRAE T &R A
HARIERAR, 52 0 A A n] BRI IX 40, Li
GO I FH I SR AR A 1 SR LTl R BR 21 = RZR G
ERFEFEF LTI (iPSCs) i —5k 21 St
A, AR IE R o AT — A [ I 2 % 67 075 e A

1178‘2018&-%33%-%11%@

ICFIEGR bR IC i XU AR5 RE R A S 21 5 G gk
3 E O e AR AR Bl A SRR S R ik, JF b itE—2B
T e A3 A5 il £ 35 DR B DL R AR 5 235 e TG i ik 2
I SR, 7 AR A R R i e G IR 2 R Y 2
J o F T O TR R TR R TR 1 67 5 24 W e A AT R 1
Yylst, BEMHEAE EAMARIE, ST U 7 0 1 A 4K
19— 21 Y ORI B A PR o 30 5 1 6 7 o SR W
F76 UG R IR IS 1 IR AR T B, T 24K T
TS I B A R PR A A RE B TR (iR AR
He, FEIH G BH AR Y CHUR AT B — 2R T RS 1
4.2 Cre-loxP N SHIF BB

Cref2—MEAE, BEIRJ DNA EAY loxP i i,
IFREARIE A~ loxP AL a9 HES J5 1044 Z ] (¥ DNA J
B AT sk . 0 E ARt ik el T N IR AR Y
Wk E SRR T4 (ESCs) RS, AWk
P A P AR B, ARAS e, (O A e
FEJEF ESC R IR AIAOC s RIS R o Sk Bt H Y,
Matsumura 511 T — AT Cre-loxP T RS HK
l——CEC ( chromosome elimination cassette ) . CECH
TG — O SR — N H g R e bRic, M
Ui A B —A loxP fi g, —EAHIHES . Cre /S HH
IRYe ORTELL, 7T LA™ A2 XSG 2R Y R T 22 e
Ak, S Y R AT A o R E B . SR
5T IR S e A R A SRR S L, R SR H
P A HEA T AR DG BE R K AR
4.3 CRISPR/Cas9/t MR BHKER

CRISPR/Cas9 &4k T2 14 11 £ CRISPR/Cas )%
By 1 3R GE T K 0 B DA B R R Tl TR R
IFRE R R TR0 I B D o . A SRR iz T
HY R R I . ST BRI B A AR AL
P, Zuo ZE*2%iK 4% CRISPR/Cas9 A T 4 (o iR
#EIHER . CRISPR/Cas9 REALIFE ML, A
B TCRL L) Cas9 B IR N VTG DL K51 5 Cas9 HEATHE



DNA BU& L. BEREBREA _

M #5155 RNA (single guided RNA, sgRNA) ,
Cas9 Fl sgRNA 4545, LAE G TE R e (B V1B
% DNA, flufi 1% B ik 27 5 CRISPR/Cas9 #1m] ]
W, MR IR RAR NS M S iR, DL R 2
JLAT 48 e (PR RE B BV VG R o XD T T e
AR SR A, LB R AR AL TR T
PR SR, SR R R 2 27 v P U e (R )
THBRATE R AR TBL

5 4B

M, AR LA T AR R S AN L RS
Uy, BN TE RN EZAEY——Sc2.0 LE ST 5
G, T A A AR A A i B 1 AR,
SRINT, P T R AR L, S S LI e PR A Y
HEAHE T 1R 25 TR AR 1 2B AR RO I 3

AT HARAARAEAER LN 4L, DNA & U H i
— W TB; X F R R AR & T B SR .
A BE 1) DNA A R, [ I 5 Bk — 20 AR & U
A, SAEDAHLL, DNA RBGIE SR &Hig 2, 3
S BE B AR F i T H o, FE RS AL IS A
o, PR AT UEAEA T A SR RAFAER) DNA J7 BL, Wl
H DNA SR RA, (HRIRET ZAR R O HAR S . HL
KR DNA F Benf Dhiiad PCR sl 11 %5 77 3R,
EX TR B, XL XELUIEAE . CRISPR/Cas9 £
ARt A AT e DA R SR 5 TR 4 o e S D0 1 SRR
Bt DNA B rlfE . filhn, 3 [ I A R 2 A 0 b [l B
A BEAE I T T 2 R B S5 I 5 T K T & T CRISPR/
Cas9 Fll Gibson ZH % 1Y S BE SR MG, T ARTFCIE 150 kb 11
DNA J BZ™,

TEA BUHE R A DF R T i, Rk el T A B B R
) DNA EZHRE T, &G A R 20 2 1 B 24 T4 T
H, i AR RS AL A, TR RE A B AT 2
FAVRITIE . Mesh, AR o B, FeRed
AL B H A DR 2 0% 18 ORI TR I SR AR, B

AN A TR, T R R R T o B A R TR 2 Y
T bR IE ARG e BB A A 5 A= R e 2225 B8, CRISPR/
Cas9 FARAT BEAE B R IE SR AL B, R F A 5
BEHHAARRNOL A, HUIBERORTREA -8, AT
PALHRE s T30k, BORA B AEAE (4 i A0 AT A2 1 H]
TAEA MY B PRI 20, 30 4 i) S 7 S A R DR ZH 15 B
BrLEE,

M, R ETE A A WA U E 2 AR — R
W, JUHAE Sc2.0 71K I, FREFBMEZEAEN T EATTH
VERBAE SR, BR T AT ARRR, A4
Sz JEIA I FL A AN 22 F ARMERT, 35 tho A2 3R AT s S
B R A BRI

SE B

1 Michelson A M, Todd A R. Nucleotides part XXXII. Synthesis
of a dithymidine dinucleotide containing a 3'-5'-internucleotidic
linkage. J Chem Soc, 1955: 2632-2638.

2 Beaucage S L, Caruthers M H. Deoxynucleoside phosphoramidites
- a new class of key intermediates for deoxypolynucleotide
synthesis. Tetrahedron Lett, 1981, 22(20): 1859-1862.

3 Kosuri S, Church G M. Large-scale de novo DNA synthesis:
technologies and applications. Nat Methods, 2014, 11(5): 499-507.

4 Kosuri S, Eroshenko N, Leproust E M, et al. Scalable gene
synthesis by selective amplification of DNA pools from high-
fidelity microchips. Nat Biotechnol, 2010, 28(12): 1295-1299.

5 Matzas M, Stahler P F, Kefer N, et al. High-fidelity gene synthesis
by retrieval of sequence-verified DNA identified using high-
throughput pyrosequencing. Nat Biotechnol, 2010, 28(12): 1291-
1294.

6 Algire M, Krishnakumar R, Merryman C. Megabases for
kilodollars. Nat Biotechnol, 2010, 28(12): 1272-1273.

7 Palluk S, Arlow D H, de Rond T, et al. De novo DNA synthesis
using polymerase-nucleotide conjugates. Nat Biotechnol, 2018,

36(7): 645-650.

® ¥O452 sl 1179



8 Bollum F J. Oligodeoxyribonucleotide-primed reactions catalyzed
by calf thymus polymerase. J Biol Chem, 1962, 237(6): 1945-
1949.

9 Jensen M A, Davis R W. Template-independent enzymatic
oligonucleotide synthesis (TiEOS): Its history, prospects, and
challenges. Biochemistry, 2018, 57(12): 1821-1832.

10 Stemmer W P, Crameri A, Ha K D, et al. Single-step
assembly of a gene and entire plasmid from large numbers of
oligodeoxyribonucleotides. Gene, 1995, 164(1): 49-53.

11 Smith H O, Hutchison C A, Pfannkoch C, et al. Generating
a synthetic genome by whole genome assembly: phi X174
bacteriophage from synthetic oligonucleotides. PNAS, 2003,
100(26): 15440-15445.

12 Shetty R P, Endy D, Knight T F Jr. Engineering BioBrick vectors
from BioBrick parts. J Biol Eng, 2008, 2: 5.

13 Anderson J C, Dueber J E, Leguia M, et al. Bg/Bricks: A flexible
standard for biological part assembly. J Biol Eng, 2010, 4(1): 1.

14 Engler C, Kandzia R, Marillonnet S. A one pot, one step, precision
cloning method with high throughput capability. PLoS One, 2008,
3(11): e3647.

15 Guo Y, Dong J, Zhou T, et al. YeastFab: the design and
construction of standard biological parts for metabolic engineering
in Saccharomyces cerevisiae. Nucleic Acids Res, 2015, 43(13):
e88.

16 Qin Y, Tan C, Lin J, et al. Ecoexpress-highly efficient construction
and expression of multicomponent protein complexes in
Escherichia coli. ACS Synth Biol, 2016, 5(11): 1239-1246.

17 Gibson D G, Young L, Chuang R'Y, et al. Enzymatic assembly of
DNA molecules up to several hundred kilobases. Nat Methods,
2009, 6(5): 343.

18 Liu J K, Chen W H, Ren S X, et al. iBrick: A new standard for
iterative assembly of biological parts with homing endonucleases.
PLoS One, 2014, 9(10): e110852.

19 Li S'Y, Zhao G P, Wang J. C-Brick: A new standard for assembly

1180120184 - 8533% - #1117

of biological parts using Cpfl. ACS Synth Biol, 2016, 5(12):
1383-1388.

20 Weber E, Engler C, Gruetzner R, et al. A modular cloning system
for standardized assembly of multigene constructs. PLoS One,
2011, 6(2): e16765.

21 Sarrion-Perdigones A, Vazquez-Vilar M, Palaci J, et al.
GoldenBraid 2.0: A comprehensive DNA assembly framework for
plant synthetic biology. Plant Physiol, 2013, 162(3): 1618-1631.

22 Chen W H, Qin Z J, Wang J, et al. The MASTER (methylation-
assisted tailorable ends rational) ligation method for seamless
DNA assembly. Nucleic Acids Res, 2013, 41(8): €93.

23 Li MV, Shukla D, Rhodes B H, et al. HomeRun Vector Assembly
System: a flexible and standardized cloning system for assembly of
multi-modular DNA constructs. PLoS One, 2014, 9(6): €100948.

24 Lampropoulos A, Sutikovic Z, Wenzl C, et al. GreenGate - a novel,
versatile, and efficient cloning system for plant transgenesis. PLoS
One, 2013, 8(12): e83043.

25 Wang X, Sa N, Tian P F, et al. Classifying DNA assembly
protocols for devising cellular architectures. Biotechnol Adv, 2011,
29(1): 156-163.

26 Hinnen A, Hicks J B, Fink G R. Transformation of yeast. PNAS,
1978, 75(4): 1929-1933.

27 Orr-Weaver T L, Szostak J W, Rothstein R J. Yeast transformation:
a model system for the study of recombination. PNAS, 1981,
78(10): 6354-6358.

28 Gibson D G, Benders G A, Axelrod K C, et al. One-step assembly
in yeast of 25 overlapping DNA fragments to form a complete
synthetic Mycoplasma genitalium genome. PNAS, 2008, 105(51):
20404-204009.

29 Silverman G A, Jockel J I, Domer P H, et al. Yeast artificial
chromosome cloning of a two-megabase-size contig within
chromosomal band 18q21 establishes physical linkage between
BCL2 and plasminogen activator inhibitor type-2. Genomics,

1991, 9(2): 219-228.



DNA BU& L. BEREBREA _

30

31

32

33

34

35

36

37

38

39

40

Gibson D G, Glass J I, Lartigue C, et al. Creation of a bacterial cell
controlled by a chemically synthesized genome. Science, 2010,
329(5987): 52-56.

Dymond J S, Richardson S M, Coombes C E, et al. Synthetic
chromosome arms function in yeast and generate phenotypic
diversity by design. Nature, 2011, 477(7365): 471-476.

Annaluru N, Muller H, Mitchell L A, et al. Total synthesis of
a functional designer eukaryotic chromosome. Science, 2014,
344(6179): 55-58.

Shen Y, Wang Y, Chen T, et al. Deep functional analysis of synll,
a 770-kilobase synthetic yeast chromosome. Science, 2017,
355(6329), doi: 10.1126/science.aaf4791.

Xie Z X, Li B Z, Mitchell L A, et al. “Perfect” designer
chromosome V and behavior of a ring derivative. Science, 2017,
355(6329), doi: 10.1126/science.aaf4704.

Mitchell L A, Wang A, Stracquadanio G, et al. Synthesis,
debugging, and effects of synthetic chromosome consolidation:
synVI and beyond. Science, 2017, 355(6329), doi: 10.1126/
science.aaf4831.

Wu Y, Li B Z, Zhao M, et al. Bug mapping and fitness testing of
chemically synthesized chromosome X. Science, 2017, 355(6329),
doi: 10.1126/science.aaf4706.

Zhang W M, Zhao G H, Luo Z Q, et al. Engineering the ribosomal
DNA in a megabase synthetic chromosome. Science, 2017,
355(6329), doi: 10.1126/science.aaf3981.

Shao Y, Lu N, Wu Z, et al. Creating a functional single-
chromosome yeast. Nature, 2018, 560(7718): 331-335.

Boeke J D, Church G, Hessel A, et al. The Genome Project-Write.
Science, 2016, 353(6295): 126-127.

de Jong G, Telenius A, Vanderbyl S, et al. Efficient in-vitro transfer

of a 60-Mb mammalian artificial chromosome into murine and

41

42

43

44

45

46

47

48

49

50

hamster cells using cationic lipids and dendrimers. Chromosome
Res, 2001, 9(6): 475-485.

Co D O, Borowski A H, Leung J D, et al. Generation of
transgenic mice and germline transmission of a mammalian
artificial chromosome introduced into embryos by pronuclear
microinjection. Chromosome Res, 2000, 8(3): 183-191.

Telenius H, Szeles A, Kereso J, et al. Stability of a functional
murine satellite DNA-based artificial chromosome across
mammalian species. Chromosome Res, 1999, 7(1): 3-7.

DeLise A M, Tuan R S. Electroporation-mediated DNA
transfection of embryonic chick limb mesenchymal cells. Methods
Mol Biol, 2000, 137: 377-382.

Zimmer R, Verrinder Gibbins A M. Construction and
characterization of a large-fragment chicken bacterial artificial
chromosome library. Genomics, 1997, 42(2): 217-226.

Brown D M, Chan Y J A, Desai P J, et al. Efficient size-
independent chromosome delivery from yeast to cultured cell
lines. Nucleic Acids Res, 2017, 45(7): e50.

Li L B, Chang K H, Wang P R, et al. Trisomy correction in down
syndrome induced pluripotent stem cells. Cell Stem Cell, 2012,
11(5): 615-619.

Matsumura H, Tada M, Otsuji T, et al. Targeted chromosome
elimination from ES-somatic hybrid cells. Nat Methods, 2007,
4(1): 23-25.

Mali P, Esvelt K M, Church G M. Cas9 as a versatile tool for
engineering biology. Nat Methods, 2013, 10(10): 957-963.

Zuo E W, Huo X N, Yao X, et al. CRISPR/Cas9-mediated targeted
chromosome elimination. Genome Biol, 2017, 18(1): 224..

Jiang W J, Zhao X J, Gabrieli T, et al. Cas9-Assisted Targeting of
CHromosome segments CATCH enables one-step targeted cloning

of large gene clusters. Nat Commun, 2015, 6: 8101.

® ¥OM5iz 1181



Technologies for DNA Synthesis, Assembly, and Transplantation

LU Junnan' LUO Zhouqing' JIANG Shuangying' SHEN Yue’ WU Yi® YANG Huanming’
YUAN Yingjin® DAI Junbiao"
(1 Shenzhen Key Laboratory of Synthetic Genomics and Center for Synthetic Genomics, Institute of Synthetic Biology,
Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China;
2 BGI-Shenzhen, Shenzhen 518083, China;
3 Key Laboratory of Systems Bioengineering (Ministry of Education), School of Chemical Engineering and Technology,
Tianjin University, Tianjin 300072, China )
Abstract  As an interdisciplinary subject between biology and engineering, synthetic biology has shown more and more applications in the
fields of biomedicine, energy, new material, etc. Synthetic genomics focusing on de novo design and synthesis of new life system is one of
the major directions in synthetic biology which relies on serial techniques including DNA synthesis, assembly, transplantation, etc. Here, we
summary the current developments on technologies in genome synthesis, which aims to deepen the comprehension of the technique systems
and shed light to the future development in this field.

Keywords synthetic biology, synthetic genomics, DNA synthesis, genome assembly, genome transplant
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