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S AESK Synthetic Biology)< X9] st 7149] ¥4 wiet Q1E7} 2 Hsh
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A A= Sl 2okolt. FAABETRE 1) 7189 A AlAC] EA5HA] gk A
e 9240} AAEE HA 9 AESHAY, 2) -8 542 91t B4 Al
7] 918k 7129] A Aol EAh= e AlAES A D AR Sk F EoFs 3ol
= 208 g¥tEog FoJEar et D) shAt JAYESHS vl A Lo AMEA HiFE
S 2ofolil 71 Ao} o] HisiAE =27t ALE L Qlet
P8R Argafetol] MARSSt FoollA 2ol= =29]met 22 ok gt HR
71&(IT: Information Technology)®} U=7]&(NT: Nano Technology)S &
o7 QIS Utk (¥ 1-DollA He AANH ka4, HielouX], &7, A,
Y 5 o7 Zofofl &8ol 71t FuT 7IeR FABETE 3E4IQ SHol
S0l AAAQ fIsi/gdel et S = 7tk o gltk. =T dE2RCBD: Convention
on Biological Diversity) A9} GAFREE3](20084) °]-& SHIAIESH 7|&2H2H [
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1) Nature, “Synthetic Biology”, AMY: 2017.10.31; ETC Group(2007); 974}, ‘S8 AAYU:
2017.10.31.
2) Z&71(2009, 2010).



body on Scientific, Technical and Technological Advice)®] HES AF o™ AHEA
FAE= olfpE =oH1 Qlok. n=9] Aga] tEd Y3(PCSBL: Presidential
Commission for the Study of Bioethical Issues)ollAl&= 20108 FAAESH| tst
AN AP} TiEo] w4 ol H AAA A4S A&5A R A=sfof sk a4
of gt HiuAE Ukt

2 A7 H42 PIBETY] A SRRt ofuEt FEb g et 59
AR ef/dol et HEE &3l Tt S 913t 7% A5 SR ol

Rolet.

el Completely Assembled
Aﬂ% Synthetic Chromosome

Zt&=: SGI-DNA, “A Synthetic Genomics, Inc. Company”, AXY: 2017.10.31.
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3) PCSBI(2010); $=175}7]1&7]8H7FA(KISTEP) A27184(2010).
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7P dutF o' Q8 HE FETY A9 F shthe *1) 7€ A AlAl] EAst
A Ok M2E AE /4848 AR A 2 AlFSHAY, 2) 783 54 Sl &4
AAS 57| Hsll 719 AA AlAI] EAlste e AlaEe AEA 9 AlRSkE
Aot 4)

AT YA HS(EC: European Commission)e "F/d=ek A B v=
=EE WPs] sl AEA W ] A, Az B/ e a8S 6K 7IESlshe
8 71e 9 38t 3-87olgkal Aolskal ltHEuropean Commission, 2014; SCBD,
2015).5) ABESol= FHAR o|Fojx Bt AE A AdS d<edlsly] A F5t
Zol /Mgl #FSKStandardization), EESKModularization), 548K Abstraction)
59 7ol AREEE (I 2-1)2 FHALGH B AL oA AAIsh= S/ 8ESH] 7iid
I AR EE E1ES HojEHEuropean Commission, 2014).

d= FHF|(UK Royal Society)olli= "FFETS MEL ATBESH B2, &

7IA E= FAY] AR AlE, B 71800 EAIc: ARAE AdASkE Aoz dA

==

4) Nature, “Synthetic Biology”, ZAY: 2017.10.31; ETC Group(2007); Y7197}, “TAANES, AML:
2017.10.31.

5) 7129] 3071 olAke] dgAEste] Aol tist A FANS AX 2171 718} Q1o 2R 64709 9AS
83t A7, ¥EL “SynBio is the application of science, technology and engineering to
facilitate and accelerate the design, manufacture and/or modification of genetic materials in
living organisms to alter living or non-living materials’.



AR 4= 9l AR ATt Hofoloyakal Aolstal ItThe Royal Society, UK,
2007).9

g e
H#3KStandardization) BioCAD AZEFoJ(BioCAD software)
2ESKModularization) 2329 FZ2Y(Robotic cloning)

AEA FAISHHierarchical abstraction) A} Bdl@(Metabolic modelling)

TRl Alze] 22

hila 35HProtein engineerin,
(Decoupling of design and fabrication) e B g g

DNA do]EH]o] A9} HHAET
(DNA databases and registries)
2B E 7 (Refactoring) Bxal A 2to]EF(Part and device libraries)
%4 3]Z(Regulatory circuits)
DNA $4(DNA synthesis)
AR} Als 2H(Gene and genome assembly)
A HH(Genome editing)
MAGE, CRISPR, TALENS,
zinc fingers®t 72 Al W &=+
dul3 #&7]1&(Microscopy)
B2} Z23Ad=(Molecular profiling)

2 4 (Orthogonality)

Z}&: Buropean Commission(2014), p.26.

5h AESH AT AAAA(EBRC: Engineering Biology Research Consortium)<

LS B2 9 AES} e AR BEshy AR AA] U AR Ex

7129 FETH AA-C] Aoy 2tar AHefstar itk PR HAMIET, AlE

Ry, e 1Re B2 sul 4 22 eleh 22 2o Fjdo] Bl

Hel o= T ofel Es} Hole} ge] A= aHY S4of uje} ofZo] ofein] B

6) “Synthetic biology is an emerging area of research that can broadly be described as the design
and construction of novel artificial biological pathways, organisms or devices, or the redesign
of existing natural biological systems’.

7) “Synthetic biology is the design and construction of new biological entities such as enzymes,
genetic circuits, and cells or the redesign of existing biological systems”.
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4 e Feke] 945 At A2 AT Eofof| Fojxl ojFolot. FAYES olEH=
ABHe offo] = EEIFE I A5}t et I A SFekE o ® 4 DNAC
ofeto] AEa IH B4 Ad A2 A3} A|A” B R7IAIE e vhfehA T
A Qe gmolgkar Aolstal IEKPCSBI, 2010).9

2. MZCloFMSioFO| SHMAIZSI0| Xo| U 0| JHQ

20169 129 AR ZHEOA ZHAEJE A132F FE2HFHHCBD) GA=S3]
(COP 13: Conference of the Parties)oAl= 7|1&AE7IEHI1E5(AHTEG: Ad Hoc
Technical Expert Group)?] =2l & W= =84 “HS(operational
definition)& AIA5HAH. Z%E(CBD/COP/DEC/XIII/17)°l oJot¥ “TIBES &
A=H, A=, BE ALH9 olsf, A, AdA, Ax 121/Ee WEE 4, 7I&3lst

7] §13l e, 71, 3ok AFAIX Ao Ao o yolh ' 9 A= ARl
2Har AJoJstar QIet10) o] =gt /JAYETY] -84 HE Bl Lt ARSI
A AZIERAR FBESt] et Bk FAIAR] =97 A2k Ao g Brkska ekl

8) EBRC, “What is synthetic biology?”, AMY: 2017.10.31.

9) “Synthetic biology is the name given to an emerging field of research that combines elements
of biology, engineering, genetics, chemistry, and computer science. The diverse but related
endeavors that fall under its umbrella rely on chemically synthesized DNA, along with
standardized and automatable processes, to create new biochemical systems or organisms with
novel or enhanced characteristics’.

10) “Synthetic biology is a further development and new dimension of modern biotechnology that
combines science, technology and engineering to facilitate and accelerate the understanding,
design, redesign, manufacture and/or modification of genetic materials, living organisms and
biological systems’.

11) CBD(2016.12.16), “Decision Adopted by the Conference of the Parties to the Convention on
Biological Diversity”, XIII/17, Synthetic Biology, CBD/COP/DEC/X1II/17, HAMY: 2017.10.31.



AETFEHCBD)oIA g8ES L IAE H-gol FAH o= A7)E A 20089
COP 99| Hlo] @ A& (Biofuel)7t AR thFo]A]7] A|ZotHA FLE o]},

20104 COP 10941= M&A £245+= ols+5(New & Emerging Issues)ol] st 2
BiolA 2t GAEE R 9 B 7]EEo] AEStel titt FEE AlEseSE dalst
.12 o]ggt Al7|7F " AL 2010 Fo]L ¥IE A+A(. Craig Venter Institute)
7t A A4 T ABTFBA7E TAe|AA R of] ATfiEo] A AAR R A H
A& Yo E & & QIrh13) 20109 QHlaF thege] R0 = vjw FPaT] e
AAI(PCSBNOIA /g AEStol theh 212 SH AR A /S A&2or 53
of k= "o/ tigt HuAE stA | A Tl WiE AF40] A+ At
FEIA | A BRo] Qich

2012 COP 11914+ MEAl F245= olfrsol Bt 2455 53 =
it S Aeln RAZA A4 I BETS I e gl A S5
gk £A 2RES uhelsto] GAEER] AEE B¢ oA AlE B A|184F el |eAw it
7]74SBSTTA: Subsidiary Body on Scientific, Technical and Technological Advice)
o] =9j¢t HES AX7IZ siith14)

HAoIM M= AR 20149 COP 120014+ Hd8=stoll digt 24 ZollA ARdFo14
H(precautionary approach)@ A2 fisi/dol tigt 71t e, ARRIEA14 12
g A ARE fR AlA(framework)E F591=S AALstFTh 1Y

2015900= flollAl A3t 20109 COP 10 ©]$& =91 AEF o] 2 FJ¥ES!
i3t W8S vigog CBD 7|&XIA(CBD Technical Series No.82, Synthetic
12) CBD(2010.10.29), “Decision Adopted by the Conference of the Parties to the Convention on

Biological Diversity at its Tenth Meeting”, X/13, New and Emerging Issues, UNEP/CBD/COP/
DEC/X/13, #HA%: 2017.10.31.

13) Gibson et al.(2010).

14) CBD(2012.12.5), “Decision Adopted by the Conference of the Parties to the Convention on
Biological Diversity at its Eleventh Meeting”, XI/11, New and Emerging Issues relating to the
Conservation and Sustainable Use of Biodiversity, UNEP/CBD/COP/DEC/XI/11, HMY:
2017.10.31; CBD, “New & Emerging Issues’, https://www.cbd.int/emerging/, ZAAY: 2017.10.31.

15) CBD(2014.10.17), “Decision Adopted by the Conference of the Parties to the Convention on Biological
Diversity”, X11/24, New and Emerging Issues: Synthetic Biology, UNEP/CBD/COP/DEC/XI1/24,
AAd: 2017.10.31.



Biology)7} &=t o] EiAE 7led&7SEIFAHTEG)S] 29e A€ ¢
3 Baoz 1) AEciepyol thet TSt A el et 7143 Rt 2)
AETordgol PAETT} el Y T golto] fat FB 7isAo] et ARE
xstshar QJrt.10)

20164 COP 13014 TR 47t 78 By thige] Hgiom 284 Hop
AN FIRESN} o] §04 Eefo](Gene drive)l7)o] gk AFdZolA] H
o] =9]=|gic}.18)

16) SCBD(2015).

17) B4 #4247 4408 fA=0] AL WolA AsHA Hobde f4A8H ddor gaalat
WIAET O A8 7hsolt A ol W A% AHA el gt ol T =97 Ut Eofdl.

18) CBD(2016.12.16), “Decision Adopted by the Conference of the Parties to the Convention on
Biological Diversity”, XIII/17, Synthetic Biology, CBD/COP/DEC/X1II/17, HAMY: 2017.10.31.



H3E =Uel a7

ox

2
ofn
Bt
©

)||:|

2UHe| A7 U HY 3

1. 39| gyMss B A7 53

7}. EBRC19)

58 A= A4 AAA|A(EBRC: Engineering Biology Research Consortium) =
H|QFe] AAAHO R vl=r FHISHYTHNSF: National Science Foundation)9] &2
&YHrt EBRCE ¥ NSFO] 97t4] Ao & 20069 AR w=9] of2] gjs} 5o
=5 AAIEQl SynBERC(Synthetic Biology Engineering Research
Center)7} 109 59 &3t o] %o MyE AT HAAIFolTh ( 3-DoA =8 U8
& 4 U%0] SynBERCE HIET el Jay Keaslingo] Al 9] A ToLo™ NSF=
FE 109 53,9005 229 AFHIE Aot FE ]l
EBRCE /d8=st A7t w52 9ot et 5488 e o
Helsto] MgBESH Zoke] vy Fart A B is TR
'3}—15 Y RS 7L EE2 5l Atk olE fI5) SdA8ESH A
= sk, BESH ZoollA iz FAEo] e AT woks E=dhe €S okl
st
257H tisto = RE 4579 she WHE FA4H ﬁ?“guo] ]Eﬁ_ ERE o|F7] ¢Idl
ot mjFo] FE33t Ad=¥e FAot] sl we2 st ok AE3te R Qlsf ¢
11:—%—% AlFo] 49 47 2 5 Q7] whizol AR} Bl Hﬁ AFEO] o] 2ok

Ao
rUl

19) EBRC, AMY: 2017.10.31; SynBERC, AMY: 2017.10.31.
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(E 3-1) Dl=0] £ FAMSSIO| MEH/O|LMELS
o 1m < 5 Z=T G|
G| X1 7 D=3 B3 Fo G It (emtera))
. Synthetic Biology
Scieiii(gjzsgjtlion) Engineering Research UC Berkeley 2006-2016 39
Center(SynBERC)
DOE(Department | DOE Bioenergy Science Oe}k Ridge 2007-2018 250
of Energy) Center National Lab
DOE Great Lakes U Wisconsin/
DOE Bioenergy Research Michigan State | 2007-2018 250
Center University
DOE DOE Jomt' BioEnergy Lawrer?ce Berkeley 2007-2018 250
Institute National Lab
NIH(National Center for Systems and .
Institutes of Health) Synthetic Biology UC San Francisco | 2011-2016 15
NIH MIT Center 'for I'ntegratwe MIT 2013-2017 12
Synthetic Biology
Genomes-to-Natural Rockefeller
NIH Products brogram University/ 2014-2019 20
prog Stanford
DOD(Department of MIT/U
Defense)-DARPA Texas/Caltech/]
(Defense Advanced | Living Foundries: ATCG . 2011-2014 35
. Craig Venter
Research Projects .
Institute
Agency)
UC Berkeley/
Living Foundries: 1000 |MIT/Harvard/UIUC| 2013-now
DOD-DARPA Molecules /U Colorado/ (2016) 10
Zymergen/Amyris

At&: Si and Zhao(2016), p.260.
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4. Synthetic Biology Project(Woodrow Wilson International Center for

Scholars)20)

L2 Q o& AASHEAE(WWICS: Woodrow Wilson International Center for
Scholars)= Alfred P. Sloan Foundation® 2 & AtH]S xuto} 2008WEH 34

=gt i"“E(Synthenc Blology Project)& <=3t Qirt. o] Z2AHE= IMJAYES)

(e}
Synthetic Biology ProjectQ] =242 A ESHo| HEgo] et 7kt EE FHA

soka olog Jhet ¥ 4 UEE Fi olth ol 9 AR AT, 483t

5
U ARGl QIR TIXE FaT AHS U & ol FUA0|T AAT BAS ATU
QTR AR, AR, HARAT, A Aok Ul T ARSI Welstel R
AR SIsto] e A1419) A SIS, WAl tie i) LS BEsie, TF ok
2 HASIT 848 S5k A5e S At

N

Synthetic Biology Projectt= 1<%t &3 H1142} HAO|ES Q= JHE FI
AgAZT oA AEA Uehhs /80l Hisl dlSstal AAston, A EAlshk=
Al A Aol EFE6Ithe 22 Bl oleh 3 A=l digh dige] 2l4lof o
o A 55 FHoIA

FEES E& FATGSAE7 7£9 Hastings Center?t 3P4 W3t Parens et
al.(2009)2] FA=ETY] &2 olqroll IRt HilA= AIAJRoR] M ABESe] ARl
w4 £AE HFHA Z2ERL HSAEEIE S0l A=Qkd, AEQt) } vlE2Hl
(A& =0 =TS FFot=t 283 =75 TF5H sixsta =TS
5ol Sk e SR Bl Mg Uro] &214 olgpol skl i HiE
Al Aol Hisfire 212 HsiAdoll vlsh Aia o= =27t A1 2] oA
< 52 & e tEet =97 Zasial A AR

SS9 A& FASIEAEE 200597 20109 w=3t G429 FBEST 4] A
A RO tigt ZARE E8f Wl 20054 o2 oF 49 3,000%t 2] A7 T4

i)

20) Synthetic Biology Project, AAY: 2017.10.31.



AESH I Ao A|FEF o 1 F oA E(DOE: Department of Energy)7 B2
22 Agehs 202 HUsIGih (19 3-DolA He Z2AY o=, =9, gH=s
T R AT 20059 °]F HYBESH woF AFHIE= oF 19 6,000%F EE 2l
A0 2 BMOFEGTHWWICS, 2010).

Millions
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Ous l Europe

$140+

$120+

$100+

$80-
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$0+

2005 2006 2007 2008 2009 2010
kg WWICS(2010), p.2.

(33 3-1) 0= REQl edd=Est 2i7H| B1(2005-20101)

2008'd3 2014 Ato] w=9] A=t A FA= oF 89 2,0007F 2 Eel
Ao TotFHE (I 3-2)0l4 Ho] vl w5 JEAT ZeAES(DARPA:
Defense Advanced Research Projects Agency)®t =(DOD: Department of
Defense)9] oflito] g FES AAste As & 4= Qirh =347 #E oito] B2
H|SZ& AR5k HhA] fsi/Adol digh Aol AA| olite] 1% mgto] 2o]al oF 1%7}
w2, H, ARl olspet ARE Ato] 2ol Ao Hil JITHWWICS, 2015).



H3Y = o7 H M S 113

B NASA
120,000,000 %
B USDA
] B NIH

$100,000,000
B NSF

$80,000,000 -

H DOE

$60,000,000 ®DoD

¥ DARPA
$40,000,000 -

$20,000,000

s— T T T T T T 1
2008 2009 2010 2011 2012 2013 2014 Fiscal Year

A& WWICS(2015), p.3.

(12 3-2) 029 ShMSEst B2t 78| X2 7|2 78| B|(2008-20141)

o g

FE 200595FE 201097H] FAESH A oF 19] 6,000% 25 L9olSie=
t ol7]ol= F=, vlges E =249 /i =7} Ak A fH AGH I AL EC)7H
Alsshe A-+8l7F ZekE

EC= 200593 2007 Ate] oF 4,5008t B3 E Aloat A7+7]< 7Y =g e =2
134(Sixth Framework Program for Research and Technological Development)2]
deto 2 A&kt 20073 5E 20137k APE= A7AF 2PN 220l =
oF 800%t Eel7h IE U

21) WWICS(2010); WWICS(2015).



14 | SSHE H2YRt ORAS A% Il A5

F=9] /gBEStol tigt AHEl= 20059 ©]FoflAf 20109¥7HA] °F 3,0009T 2ol A
5,3007t 22| Afo|2 ottt AtHl= AFgast 9 AEast AT91de], 3ot & =t
A8 & Wellcome Trust®] Al 74 Z2I 0= Hofitt,

20084 37H9] HlEHE Hfsk g% 5WolA 109 E<t =St A7 AlE 5
9,0005F 25 FARE Aolztal HHFCE 3779 theh dnE Ffj(Hlo] Qubteelslr),
AR 2K | Wfﬂ@ré BESH AlE]) 9 oRRIESH Foi(Eeh wAF AJA" AFta)olet

U2 A=Y 71819t el Bt 20099 55 AFEAA ] £ASE] Deutsche
Forschungsgemeinschaft(DFG, &2 A4, acatech(E?—_l- e} Fot ) 2 =
2 15} o}7d|u](National Academy of Sciences) §°] FAANESHS AFH] XY A
=9 2OF2 AL 3tk DFGE F/d8=stel o 3508 22 FA4F & A-O|tHWWICS,
2010).

FEZS A& FABFEAE(WWICS, 2015)°] 25k F=& 200549 o $-5F 2014
W7 gAESE Akl oF 19 7,5009F 281 9] A-RIE AR e, diFo] 20109
% X|¢H AOZ oF 19] 6,5008 G ofo= Hil Qlrh (718 3-3)04 He AAH

st 1 AEIS ALY YUS](BBSRC: Biotechnology and Biological

Science Research Council)?} 58t ¥ &8st ALY L3)(EPSRC: Engineering and
Physical Sciences Research Council)®] 274 Z2s§og oA it (19
3-4)+= 20149 vl= FHEC)S] FAABET =oF ATHIE A= 71 HEE Ul 9
= S Z429] A RS HAISI] UERH Zoft). wlso] AA| A+tH]9] oF 70%
o2 AATIAL Ao P2 19.15%, FHE 9.44%F HEHILL 2= & o Uh
J=o] SHAESH 2= g2l T18(UK Synthetic Biology Roadmap Coordination
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Group, 2012)2 71¥98A17]&5(BIS: Department for Business Innovation and
Skills)9] 208 Herh HjdS 4dste] I=2 2T 2EWS A o
ZofolA= oAl 1Y 8 Hokz 1. 7|2 doht 3ok, 2. AY Qs Aot F4l9]
A&, 3. AR o8 At 7Ie AN, 4. 83 A, 5. SAIEE S AIAISIGITE EaA

ot 1 PR AL Fsb] Aol chIAES Al YEYTe] £45Hs el
Washy, 2 SUHT GOt glor] A7AYe] Wel YR ARUE B4, 3.
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Group, 2012).
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A& WWICS(2015), p.10.
(d% 3-4) 20143 0|2 7|28, F=, QEATLAIYSI(EC)S SHMEst ATH|

2. 29| sMAMasE i XM =5

b B S o
7L e, BEUH, &4 o4 oY FA 332

9] g died A¥SI(PCSBI, 2010)= ‘A= 3 8=kt A 71&9
<@ (New Directions: The Ethics of Synthetic Biology and Emerging Technologies)’
HI MO F&5H EHshs A &okQl ST Ao b QbE £A] Atolof
T4EE FAE & JeE 294 Y2 vdsioltt. ol=dt &4 712 Y2 (principle)
e (FE 3-2)2 Zo] (1) 54 (Public Beneficence), (2) HF’J(Responsible
Stewardship), (3) A& 72+ A (Intellectual Freedom and Responsibility), (4)

22) PCSBI(2010); $H=35t7147 |85 7MA(KISTEP) A27184(2010); Gronvall(2016); DIYbio.org, ZAAY:
2017.10.31.
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%7b5He DIY Biooh Gl ol4ri QRS 7142 Unlelo] oFgaks 49 Bk
571 o] 2 E|efoh 2 A2t 9ol Hwe 5ol Q7o ARk SolA o
A %

3 oS AP e BAH Aolow TR AU JFA A4 Z,

gl tisiM = AAISHAH

flofA AFe 2 H7Pt ofdets ARIE QIEUlof Sl AEE ol8sle] AAE
ABAE £HY 4= Ath= 2u]E DIY Bioths 8015 AMESH | AlRtelgi e, 20080
+ DIYbioghe 155 W0l HBHY ARE =2kl olde dis=olA olsirzd
A /ol dishA = =2sk= YIEHZE J/4skaL 3ith23) 2011 DIYbio 1&2 &
315 5of vlo] a7l gt 92174 (Code of Ethics) Z9HS tlsl7| = sl £

23) 7%71(2010); DIYbio.org, AAY: 2017.10.31.
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(Peaceful Purposes), $415F7](Tinkering)®]l thgt W&o Zst=]o] Qlct.29)
19t B&ol 4 F3olM= F88(Transparency), Hd(Safety), 7iF H(Open
Access), (Education), #3|$HModesty), AFUYE(Community), B2 =&
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(Public o ols map Hasiaer o | 2 T 7 i A4 Ae
Beneficence) 3. 2o= B3} 84
4 PRAEST BT 9Y 24U
5. 194 B7F 3 AL 2=l
@
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el st G oA 4 9) e

(Responsil?le = olefaARte] Qg e A
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10. gehelziel dhat 40l Bt

3. A& Aqek HAA

(Intellectual Feha FxA9] W3lo e A | 12, HAT JFESHO| A gt 714
Freedom and ot Rl & ZHE Ad 37t
Responsibility) 13, D=

24) DIYbio.org, “Draft DIYbio Code of Ethics from North American Congress’, A4 <Y: 2017.10.31.
25) DIYbio.org, “Draft DIYbio Code of Ethics from European Congress’, AMY: 2017.10.31.
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oo} | 15. Huo Y3y

4, NI %97
(Democratic
Deliberation)

L Aol =9
e Aol & 16. 3% 1%

IR} 2L A71%0 el oloixlol ols
S olgl wE | Gam Ane pwe wge | 07 FE A AEY
ti d 4= Qloug o]Z QIgf o]9] xj B
gisr;:;n Sl et 2, seo] et g | 18 WHBES TR A4FO A fEf 9
o= A&sly] gt AlAE We oA AALH S

Az: PCSBIQ010), pp.24-31; $H74o1/]47|27HUKISTED) 43712142010, pp.2-39] 88 7122
20 U el

. ETC Groupd AHETIFA ola I A 5320

ETC GroupZ 7iutto] 2AE & IA7IFE Eotet Aei2] gdide] Hdat 21471
58 FE 9 Q1Hof HAleH= NGO wAloltt. 8 85 Hok= AETRA, 7159 A%
s}t 719 B4, Ag7s A, SHAESH 7]1eH7HTechnology assessment)o] 23

1 AJETPIEKCBD), A7 |1SAHEE 2 7]7HSBSTTA) S04 &dtH 21 HiAl
9} ARES %ot Ut H4] & PH2 Action Group on Erosion, Technology
and Concentration®& Jo] 2kx}Q1 E(Erosion)ofl= &3} 9 Q1A &4+ E3lol= AJH|
 &FA]), T(Technology)= FAAISH} 22 A2E 7|& TH =& ZA,
C(Concentration)= 7|&°] Qo] &% AFset TAH FASS 1 IS YA

ETC Group< FAAESto|gk= gofof gl “Extreme Genetic Engineering”©|2}
= B8-S AREoto] FdAESo] 2R ol ofd BHA 9] fA1EehE SHA o R W
171 gt FoRl Aog #FAsEL YILHETC Group, 2007) o]& Boldt(2016)% A%t

=oto] FAEe 7] Wdedel wet fdgeto] SgES ol olF

o Az e 29 AT et Be °“§*§%ﬁ}°ﬂ 4 3]9J%Ql Asf= Utk

N

_l°"

26) ETC Group, F4Y: 2017.10.31.



ETC GroupZ Hg8E3to] At A2 v o2 ofu] Algo] ofF 71| AlF2] FH|
B EFE5ER AW ual Austy glow, gEStel &9 Azt
DNA(Recombinant DNA) 7|&3 o2, JBESHS AHETIF/IEolA] olofr|ot=
HAY} A &7RsTt o8 9 AR o s e TSk o]99] 3R #HlE s
Aokl A& skl JTHETC Group, 2012).

ETC Group(2016)2 #3853t AlFe] 22 7119 SALE she sHa9] ek A9t
AL glom ApAoA BAtEE AET BETSEY] A&7 ol 8o U JFE FL
UTHL A A 11 Al & AFoly ol 2ol= 2]l g videt, EEkEor A=A
o AREE]E= ofZ Hu| A (Artemisinin), FU]EE 20| AHH[OKStevia), 9] Y=
2 #ole= HFUE 2 A(Agarwood Oil), A& Y72l F 5o} HE(Cocoa butter) 5°]
Aol A AT A ZES x5 EX 07 FAPES) 7|4 o]8sto] dA W 7T}
AFAE B A7t AlF Aol AR U= AAskL, 7 AF2 oln] A=
of A=ty i AR of IR A B & wAlolE BrHeR &
O JFS & 5 Aoy B AmTE #ESHAY /= AXFHETC Group, 20106).

t}. OECD} 7A ol¢r & AF 53270

AAEE/IL 7|7 OECD: Organization for Economic Cooperation and Development)
L ggElE Ao @ Hros WY B oS TR Ut OECDE
gAETo] ofF A 2okl FF= A= A A71ERA A Aol digt 71 9
Aysio} 237 PRI 7loie 202 ofel Atk Teut sl ATa A
A WS A7) AsiMe okt 73] A S5she 2T oty ARSJE, BAE,
224, A BAZ S\Fslor ek AT ek

OECD and Royal Society, United Kingdom(2010)2 FAJAESHY] kAT G874

27) OECD, “Synthetic Biology”, 7 ¥: 2017.10.31; OECD and Royal Society, UK(2010), “Symposium
on Opportunities and Challenges in the Emerging Field of Synthetic Biology: Synthesis Report”,
ZAAY: 2017.10.31; OECD(2014).

28) OECD, “Synthetic Biology”, AA<: 2017.10.31.
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W2 AP o5 ATt s Aol 71WHE & F7HRisk-based assessment)7}
AEE 5 S AFR AP U 3 B9 YA HiA] 5 thE 2l sk =E 4
et AT NS $Ydhe F7h A9 E51E & o F= ARFHOECD, 2014).

HIo| @ FAIE WAA717] ol FBESHS o8t -8 A9 & THAIE shdstk=
bl TFol & 4= AT o5 YAl ARG BEA 71&ol thet vio] A= HSE

7] A5 B SABETl gt RS HiEg= 2ol Bashks dgskiith AR
= Sto] Hlo] @ B E|(BioBricks)ol2tll E¥le EE3HE BERES
ArEoto] EAARLS F5ok= S/3A8ESH th3]Ql MITS] iGEM(International Genetically
Engineered Machine)¥} Zo] #2 AS9] T2 ARREE 7 e HgE A9g +

At A4 wgt YEAL} 448 vtjol= #st ARUERTE ol g} tiFofAE 7
wof ofojro] wehe FXT 4 5= AASHUTHOECD, 2014).
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2}. SynBioWatch29

SynBioWatch+= ETC Group, Friends of Earth 5-& Z&sk= 15719 7|4-59] A%t
A2 A FAZel 9BESHY] A I, BAA I AET b, At +
g}, AgEshe o83t 7199 AR &S (Corporate Wheeling & Dealing), TAI9F 5

ol diet 2akel Az AR AEL s c

VS

Y

SynBioWaicht: TS} 7142 Agste] BEol Al AEolt aF3EY] A7t o)
L RS A0} B 5 QRS S vlo|E A2E NSt old 19 HE T
e g

A AR AEE 7129 GMOONA Hake A= HHolgh= #E 2= GMO 2.09]
2kl sFAY 2HHE] 9l 343 SHextreme genetic engineering)°|2tal F27|% Sttt &
A= GMO 2.00lgh= &S 714 ol&sto] Rhaoldl AlE=o] AAolA dofxl
AAY 2pdE 2ol Lo AAZ= A4 dojzl E4o] ofgl= o[t o]
AF 2= A4 HyE Thsthy, PBETCR dojrl Huadl AHH]

lo

29) SynBioWatch, AMY: 2017.10.31; SynBioWatch(2016), “A Shopper’s Guide to Synthetic Biology”,
AAd: 2017.10.31.
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30) A5@HRIQAIAT AA 9 I3 Ay, FAY: 2017.11.3

31) Registry of Standard Biological Parts, A Y: 2017.11.3
SHELE AR 0-5 11.3.

32) S=AYES
33) ASE 9 HExE(2017.9.28).
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(45) |°178=H19) | FH=raFe71s-U41) FE2157401) LYHATAR]A(36)
2016(8r3)143(12) |AdHHeta(24) A=A | 2RHIEEAIY(33)
(44) | 2T 1) | HEH5w(20) FA71A71edE |22HZEEAY(16)
2015|A48<€(10) |=EdishE Z1843) O] ZEARI7| 2 AR A(12)
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d& Eof Ftelor gAY 24 oF=Hm|AH(Artemisinin)®] A HARL
Artemisinic acidE AR} 71ed} BES B9t B4 5= Sl 7S AlAIRE
A= FAHNESY] 22 AHE A7MEA IthRo et al., 20006).

(I8 4-DoA He 2AE H8ESHS O]*Q?l Hlo| @ Az} 22 o | A] &of, A=
7|Rte] ESpAY Al Z2 Sfot Zof, YA, B4l oFE AY 59 2JoF Zof, e
“J3KBioremediation), LEEE ©A719} T2 84 #ok, AF 7T 22 59 £ok,
=7 A Al e -2 <t F Hiegs} Zopolle A-80] 7RsSItHOECD, 2014).

71E0] SHARE A & Q= ARE AF vES ol85to] HiolQ ofgkZ, T,
Fof 59 Bl ARE BAshs A7t ul=e] off|AIF AFste] w7HEte] Loflu A -

A(BEL Joint BioEnergy Institute) & 1S9, AMYRIS®} 22 7|HoflA XY= Q1o
S E017] 918l leEstal Qe A0 = HIItKeld=, o] H 27]ﬂ 2010). 27338
EhE o] 8% AT Hio| e AR= 7]E0] A8AERRH A 1A Hho] A=
wAEE S5 5 9 AC= 7|dEHSCBD, 2015).

PIBET 71E2 o83t rEC] L9E AYS AT 4 e HolAAE AU
T Jon, fHA Egfo|HE Fof kot T2 Ao Al BIE SAIste] A

SRS =AY HY QS Ak Ak e Ao2 HQITKSCBD, 2015).



UM = TS Ve TEold AEA A2 U8R FEo = JItt BEX]
82 €Y 7 Ao soh|ret ASA19 AdE &9 AEAC 284l 9= &

_4

% Q1S Zo= 7| HTHSCBD, 2015).
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FBETTY] AR AR A A Ho| £ AR Foll BE(Biosafety)dt o]
e A2 1. Aoz TEodl AEAPT ool - os BEH A7 3 A

o 5 FAY JF2 71E 7FsAol Higt A, 2. A} o]5(Gene flow), 3. d&8
< Qe 49 &dS 51 UK E7], 2010; SCBD, 2015: #¥7, 2016).
SCBD(2015)¢} ¥ A (2016)2 FBESH 7|&S ARESH AEA7F AejAo] n]X]=
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Risk International United States European Union
Transfer of genes Cartagena Protocol on EPA and APHIS Directive 2001/18/EC
Biosafety
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Effects on ecosystem Cartagena Protocol on EPA and APHIS Directive 2001/18/EC
and other species Biosafety
Effect on biodiversity Convention on Biological Directive 2001/18/EC
Diversity, Cartagena
Protocol on Biosafety
Consumption risks EPA (only for plant- Regulation 1829/2003
incorporated pesticides)
Risks to laboratory NIH Guidelines Directive 2009/41/EC
workers Directive 2000/54/EC
Accidental release of NIH Guidelines Directive 2009/41/EC

laboratory strains
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Abstract

Research Trends in Synthetic Biology for Preparation of Management Plan

[I-Chan Oh, Kyung-Ah Koo, Yong-Ha Park

This study investigates the domestic and international research trends and
policies related to the synthetic biology, new and emerging issue in the field
of biotechnology. The study also provides data to understand the benefits and
potential risks of synthetic biology.

First, the study reviews the definition and concept of synthetic biology of
the European Commission, UK Royal Society, Engineering Biology Research
Consortium, and Presidential Commission for the Study of Bioethical Issues.
It also examines the operational definition and discussion of synthetic biology

issues in the Convention on Biological Diversity.

Second, the study reviews the domestic and international research trends
and policies. The Engineering Biology Research Consortium in the United
States, the Woodrow Wilson International Center for Scholars and the EU's
synthetic biology research trends are reviewed. The Presidential Commission
for the Study of Bioethical Issues investigates policy trends related to
biosafety, biosecurity, and ethical issues. ETC Group and biodiversity related
issues, policy trends related to OECD and economic issues, and SynBioWatch
are also reviewed. In addition, the study conducts reviewing on the researches

and policy trends related to the synthetic biology in Korea.

Third, the benefits of synthetic biology and the need for risk management
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are discussed. Synthetic biology is promising, high-value technologies which
can be applied to biochemical, bioenergy, biomedicine, bioremediation, food
production, and so on. The study also reviews biosafety issues include
ecosystem-level impacts, gene transfer, and emergence of unpredictable

properties. Biosecurity issues in the synthetic biology are also discussed.

It is necessary to prepare the risk management system such as biosafety,
biosecurity issues on the synthetic biology to prevent potential risks caused

by applying new technologies.

Keywords: Synthetic Biology, Management plan, Risks, Potential impacts,

Biosafety, Biosecurity
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