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ok} JE R 20 4 SRy s 1) R PR 2 R L R 5 A DG IR
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SRR EAT U RE I R R OIS SGE i SRR 1
BRSEE AR, B2 E R eX174 Wik
BHHSG, J2T SRR Z BB R 20 DNA #3% Fi S s
PRIEHALN T A AR 12208, 2010 4, Gibson %
B, A RURZIEE T 1.08 Mb W ERIR S FAIL AL, JF
BB R R AR Z R g b, Bl TR A —
AL N TARE G s i s il i . H AT w11
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TR A TR Y AR synTIT™Y, RV B i B0 ASA 2 TR 7Y
ek 16 s kBNl — 4, (HBORE IR — Aot
B FURZ AR AR W R DR A0 DGR —2E, RR IR AN TR
AN B BT R T I I AR . 201743 1, &
5 Sc2.0 WHFE B4 ER A R 5E i 1 2. 5. 6. 10 F112 %5
Qe fh & S %, ERBAEYIRRRA ST 575
IR S RS, 2018 4, FRERMIFA 5 7550 F
JHl CRISPR-Cas 455 K g T RERC A S & BUEY) 71 I
T8 " i TRRERA, S T L ik
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AR o BB WU R 7 R T R G X
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PEATHE A B s AR A TR A B e R R
B, MR T ARZ AN RITFRIE G RO S5, A RS
WP AR . 2, ik — LR T4 (N
KIZH ) A RLAS , A0 B IR & 56 Tt i G i
R RE SEAZ YRR, T LA ) 4 D T B BLIR 5 PR
W7 BRAES A ST R T4, B R MAER
FH RIS (terminal deoxynucleotidyl transferase,
TAT ) ELHHE A AL DNA, 5 7 B B A Bt H A5 ik

10 f519 DNASE™, HATFEM R, MR,
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SRR MR HT R AR IT 18]

Bl R — AR LI Al (R o 2k
P4 ) RORS S, B AUTR TR A% IREE ( Zinc-
finger nucleases, ZFN ) FlI ST PR R0 R 1A% R it
(transcription activator-like effector nucleases, TALEN ) 4§
Ji¥k. HT CRISPR REGEMY AL, Jrfl . B S50 AL,
X PR T 2:/E CRISPR R ¢ K Rk 2 5 2 Wil ik
2012 4F 2, BF2#5 ] F CRISPR-Cas {4 2 [ 1] 2 2 ARG
WED RIS RS A e T — RGN AR 4 i ity TR, H
EE AT E A T A R R A, i A TE
AN

CRISPR-Cas 45 4 5k A 20 G0 1) AR T 32 1) i)
5 RNA /1§ Cas 8 FHTERE FURERR P F14b 5 [ dsDNA 1Y
Wi, SRS R TR 2 7 A TR HERY DNA J¥ 5118 4
) A [ A S 32 422 7 1 A T SR BE TR vy o T, 7E I
Bl b, —RIVTA TR LR, A H#E— 2%
HERY Cas9 VT ( Cas9-nickase ) Z8AF{AIE L] A A PRI
PRI 201 i ) JBE 3 fe il , BT CRISPR R SRR A B
Bl 2 B A AN T FUHE bR DNA BRI B0 R, i e 4
S IR A T IO S0 1A TR DR 20 R o e . BOA A
B R TR A, RIS 1 Cas 25 1138 A] LAGE
FTHE AR R S s | R WLB (LA F 58 RS PR 4L 1Y)
BAGAEET (A — 800, B T A A 4RE A, Casl3,
Cas12 DU J¢ Casl4 %7K FATELS & T b5 DNA J5 & & 3
FERRYIENE Ty, BT R E — R e TE
27 b, FRE RS TR R R

AR R A A, N TR I i PR AR
SRR BRI T AR, AEAET AR ) i S A2 0 . sl
X—XEB Y A T B, RS TRMEB &, Kt
MK ROl . IRERALG, PRI SR E
g, DE S — L TR SEE BT, TRIEEE1
Bl & AR TR A S i, IRFR A s,
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) Agile BioFoundry, FEEFFIHH Y1) iBioFAB, %
[ JFE 45 L T2 5% 119 MIT-Broad Foundry, [ [ 3 T
2#BE Y London DNA Foundry, AR 77k 5iY Amyris 23
Hl . Zymergen /A F) . Ginkgo AR5, FEMIE T, &
FEL R e LR 2 B TR e itk AR Bt 7R 5 4 K
BRI A A Wi 7 B KR B il i . (E 4548 Y
&, IR BB AR, AR T A 3k it
SRR, BN, N TEERAREAT=EFER, AW
A )2 U H T B ) P AL SR . I 4R S
[ Jay Keasling #(#%, FZE TRALF G T 528 M
KM F——h FHAE IR SR R 28 S B 2 5T b R B &
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Amyris 2 7] 558 FUE W A BIHTEE 4% . 6l 28 T
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FREE, ARAEIRGIDFIE Kk el s i, o] DUl i %
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TR 2 R T R A TOAR R, A BEK PR3
Pl Bl ] PR 450K, B B B AT 1042 OC AR T o A
FHIE TR 2 3 1 82 ol o ) 47 R ok s A0 A 83 36 UG =2 )
S RO, bR R REK P 5mik 15.0 /L™ @
AL T BOR AR IR ATRE R A A L R OB
BLHIRDCHEIED , SAFERE 3R R IERRA5 2.5 /L DL 11
) SR A T v A B B A U, S v B ]
LT R BEBALT 1405 pg/mL™,

APPSR BRI Bk s T G R RE R
RN RGE, UMY YRR 2B Y B A
TEFEM S RIA AT  , JFSEE T 2 I RERH A
G, R KR S AR, AT A R
RIViTe . PR B R, O TP 50 o BB IR 1 &2
FHINBE™, FRRE T R TR R RE IR A B R R

TEALSF AR A T T, 6T A2 RO RFAE A
PAEEAL A, TR BT 5 G BERAE T W 500 b 2
YA I RE T, S T A R AR R RN
TA AR A2 E T YRR T RET . A DNA 41
A FRE B 3 R AR HOR T, BRI A T D 2 A 3
TR, KT, 2R, 5- AR CMNIRE IR
Hrp, 5- @R BN ™ ik 5] 50 g/L, HEEBRAKF
WS T R RGAE 125 /L, MR R LA AT E Y
AN 105% (AR CO,) ™, HARIR AL T
PR, JFE LTIl . TEX LS WA R
S0 ) A BRI BILR A T R GEME T R WU R S 1
PR AR LA b, A T — R IR Ul M R4 5
FOLA TR AR, WL AB . co, B A
Y& B EARLAL, ST N CO, A4 1R |
W, MRS, SRR AR BT A B B IR AL T
ArRe, HhTaEE . D- FLERRN 3- L T R M PR Bk
i,

3 BREMFIRRSZESHRAE

FRAEYF AT Z R CRET SO
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FERX W A, MEREE . BOR D TR EANR
Rleg ik oplse | EHBEN SR o X CaR”
AU AL GENY . LL2ERE Ry R F 4 B 5B 2 1 I K Bk
iR, WARRE A LVE LS SO R R AR A PRI,
BAYFR R, TS 5 2 R RE AR IS N Y
EERG, XFEN SR ESREWREE. BH .
I SELA IS T E Y, WENEORE S S
EhE R . HLEIACE . BB AA 53R . TRERAE
ERETTEYIA, JERF=F IR M RS 2 2R 4
FIERIIMERZS . FIRE, A A2 VR T 4 O 45
S, TR EHUAA A 5| A5y AT K
WIWEIE, HBWIE R GRS ER IR R, DIE:
i HE LA FRPG A 2 R
31 MIREHAER
3.1 AR BT K BUR G| S hE A AL

B 0 R SRAS LT X U 1] 28 3% 1
SCRPFECR S| 5, S5 55800 W 30 7 22 48 45 i AR
M, A RHERIETE S kAR RE D Rt S 2 PRl
it BB (B BE o AR (ELEE AN W] B Be A ) H A
KBRS, BT REZ TR 4 3cHE, o8
PNTER A 5T B HOAR BB, TR & i 87 & F
Ko POEALRIZ 20 o3 B B PR S FE R B R
TERE A DT I, BOM B 58 0 S 35 Tk se i . B
G BUEYF RO TR . BRI, DR TR
B A A BT o A R S ) B it ) 5 S 2 )
B, AAEMI AR SRR A IR, AR A R R
PR AR . AL AU N AERT . S34h, Sl
BRI A, — IR, DAREA
A MO BOR SR BT S5 —JrTi, LA
HFE UE Y E S IR A AE BTN i i) (CEAEH AR
S ) WREME R, SR bR ST R, 51
PP AR
BI2AATF AR AR HUH R F AL A

M T ROPTEAEMR KR IR T 2400, £

NEEIREER L AR RS, TR, RS AR S
b, s S8, WS S, DUIERR
FbR, XTCRXFEDI SR T, v,
E SRS AR BOR, LG — WM A pLH],
EANL RS OT (BUR ) |y Fok B e i A R A
Hy, G SV R s E R . DI Ah, T
ARMAL A, QBRI . S mxER 2
SRBRAR WA RIS TR S A MECE, i
e IR AR e FNCERS A I LI I E DN E S
Fh VPRI, DUGF SR E R T .
32 BESAAEF
321 55 8AE LA FHKE

BRAEY AR SRR, T E A A H
XFAA R GREYFNEE, SMULHEIRE
TREYBIE 5 LI , B RAL A AW 1 (E
PR 0k AU 55 30 o A 2R W R BT L
VELL R S H TR BRI M IF R AR, 8O T BRI Al
BT, DB RIHEST 2R MEFE IR
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Synthetic Biology: Unsealing the Convergence Era of Life Science Research

ZHAO Guoping'”
(1 Biomedical Big Data Center, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences,
Shanghai 200031, China;
2 Key Laboratory of Synthetic Biology, Institute of Plant Physiology & Ecology, Shanghai Institutes for Biological Sciences,
Chinese Academy of Sciences, Shanghai 200032, China )

Abstract It is their distinct spatial and temporal scales for natural substances defined various kinds of disciplines of natural sciences, as well
as their connections. Based on the disruptive advances attributable to the revolutions of Molecular Biology and Genomics in the 20th century,
by introducing the principles of engineering science into life science and biotechnology, the third revolution of Convergence has been emerged
and rapidly developed into the cutting-edge frontier of academic research since the beginning of this century. The serial review articles of
this issue illustrated both the history and the connotations of synthetic biology via highlighting main fields of research for synthetic biology,
especially their scientific and technological fundamentals and social governance issues, thus it may cause attentions from the academic, the
public and governments.

Keywords  crossdisciplinarity, life science, engineering, molecular biology, societal governance
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