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Abstract: The enabling capabilities of synthetic biology (SynBio) are advancing at a rapid pace, with its applications
increasingly integrated into daily life and generating significant social and economic impacts. Globally, nations are
intensifying policy initiatives and resource allocations to secure strategic advantages in SynBio, seeking to harness its
potential for biotechnological innovation and bioeconomic development. However, the development and application of
SynBio are accompanied by emerging biorisks that may pose threats to human health and ecological security. These
biorisks can be broadly categorized into two types: first, subjective biorisk arising from the intentional misuse of

technology, such as illegal germline gene editing, bioterrorism, and the development of biological weapons; and
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second, objective biorisk resulting from non-intentional factors, including technical errors, negligence, or the inherent
uncertainty of the technology itself, such as pathogenic leaks, gene escape, and biological invasions. Striking a balance
between fostering innovation and ensuring safety has become a critical challenge for policymakers. In China, both hard
law and soft law mechanisms respond to SynBio-related biorisks through different pathways. However, hard law-based
governance faces structural difficulties, including gaps or delays in existing legislation and the practical challenges of
enacting timely amendments or developing specialized laws. These obstacles reflect a fundamental tension between the
stability and conservatism of law and the rapid evolution of SynBio. In this context, soft law has emerged as a
promising alternative. Its flexibility, inclusiveness, and non-binding nature make it particularly well-suited to the
dynamic and complex nature of SynBio and its associated risk governance needs. This paper analyzes the nature of
biorisks in SynBio, and the regulatory challenges posed by current hard law frameworks. It then proposes a soft law-
based approach to address these gaps. Through a comparative analysis of extraterritorial practices—primarily those of
the United States—in the soft law governance of biorisks in SynBio, this paper identifies three strategic pathways for
advancing soft law governance in SynBio: (1) developing soft law instruments that align with existing legal and ethical
principles; (2) fostering a collaborative governance model centered on scientist self-governance + government
guidance for the R&D phase; and (3) promoting a co-governance structure of industry self- discipline + government
oversight for the application phase. The overarching goal is to enable innovation in SynBio while effectively protecting

the public interest.
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BRI KLY 2 4 e B 2 @, AR SE %
TR s ] 3 54 %, BRI R A U 4
2024 4F, NIENFARKIE (LR G & 1)
I ALGEBY B TR 4D Je i BUR
B X GEAT T ATABAT,  BE— B W O A AR
HEFIRAE AT, LR T 25 3R G0 1) 48— PR A0 HEff
P o AR 42 BR R B S 7 i 3 B A AT R
B, IGSCEM R B vhill, EHEGHEZEm N
H 4 DNA BOR B ) 2 e iRt 7 BRI . %
W HE AR FEAT ML B AL, R A R A A W M ) T
FARVERFRIE N G738 1 7 b 42 30 R A R s i A B
Dhae kP, kT 1 58 2 A5 BUR R B R A REOR
KIEIIMEAT, IR E 4 DNA B BRTE R FH o
BT (G—maEhie) marl sk, %
B A5 AR 558 (Health and Human Services,
HHS) il (& XU DNA . i 57 26 4 42 4w )
(Screening Framework Guidance for Providers of
Synthetic Double-Stranded DNA, 20100, A& &
DNA B SR (% 1 0t 25 . e 510 0 25 e BB 5 9 25
GHERR M . XMEENEEHKEN T H&KR
JE iy gk /b R 2 2 AR A B R R B A Nl
FHI .20 DNA £ A5 /6 16 T 14k 225 21 A XU .
Wt 5 B B R R A XU T 35 i A 4K, HHS X
AR Z &, JFT 2023 R TN
CH bz B AL N f AR P R A HE B2 48 R )
(Screening Framework Guidance for Providers and
Users of Synthetic Nucleic Acids, 2023). It F Hr
FEZANTTH AT T SEmtEy e SHl el ¥ —~

H i FH VG BN S BR T 5 BO0UEE DNA, - 40 g 2 0
i EE DNA. RNA KEZ B RN ITA LS
FRAZ IR ;R T AT 3 A AR B2 R S it 52 8 45 il
W RN . FEMLHE RAH P, Bl
TARKWE L, SRFINIMmE L, H
TRAI AT A H TR R ) “OGIER AT YR
VO K & 7 LA e sk 5B BN, LR
TR G B A% B 7 A5 it T AT 9 B T fie

B N T3 62 W AE (1) 25 40 DNA R R H H
WZ, A8 EHEARBK B AZE (Office of
OSTP) il & 1
(R BR A i AT AE SR ) (Framework for Nucleic Acid
Synthesis Screening, 2024), MNEEXS & MAZER (H
5 DNA M RNA) RIEIA ) A RS 2, Bk
oWl il FH T ) 0 v RS R AR B B AR A 1 5
ZHE ZE 4K I 2023 4E 58 14110 SATBUA & (224
AEMM AN TR K EE/MAH) (Safe,
and Trustworthy Development and Use of Artificial
Intelligence, 2023) #il5E, X2EXEENTLEES
AR e AR RS A I v B AR I . i A Y
TR 5 T AT B RO R A N e e A% R 6 B 4
T, U Ry S R B B I A i B S A AT
T H $ = B 55 A S AL . H 2025 4F 4 H
26 2, P A fi G B8 0T e A Bl 2 0t 7 1)
LA, Z0NFF 1% AE 22 25K & A% 1 N s Ak
FHOGAZ IR ™= i e ¥ % o 5 DR DL B B 9% O 1)
BRI AR FE AR, i HE S a5 SR AL |
GRE, W1 A& BOR B om SEm 2R g, Af
HEAPAT HEEMME. EAEZ 2T 248
REgAE B AL T IR BOCR Z ) “ SRS RTE”, X 4
HE B I\ TSR T )23 HE 20 & UK IR 0 & bR HE R 42—
AR K AT B R S22 B ) A M B ) BE A

Wi I 34 [ 4% 20 DNA X — B R @ T 1
IRBLSEEAL, S MR S 5 R K B R AR
Wk e . EEEEE P TR RSP G K
) CEBAEY AR AYIPi4) (Biodefense in
the Age of Synthetic Biology, 2018), R 7 &
FSCAE ) 2 T AE R AE P 7 A R O MME T R
KD, TRUTEHES R RYER R IEIN, R4
fife & AR D 2 T BR 51 R B AR A 1 AR DR IR TR A
AR TEOR AT RS T TR

Science and Technology Policy,

Secure,
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RN G2 A 78 0 DU A o 1 AU PR AR HE SR, IR
12 8BRS R G Fy @R, #iuGEd
AMEWE . BERYMERFHEG REDE B SR
#HonIFRPGE WA ) SRALB . D3R
R 22 5 BB SRR R AT (3TAE 1 AL < 3R
(i #%it) (Responsible AI x Biodesign, 2024) f#

FEBCARBIH B, 56 [E [ 58 241 DNA H5 R B
TR, M@ T “RER BR+BUF 537 K
FIGERLIC . (PTPEE SR T HA DNA 7 11
/D) EIRTAER AR, RS RENA
AR, E P Fe = 5] 5 B AT R,
1M NIH f) (EZ DNA 7> 707 ) K 3 w3

UETS, BB eRMEMRIREAER, HR FERER S EEE— R 2IE R TR
LR E AR B T HBOIE A hvEay, (LR A8 3BT % B 6 A

J AN AE S BR A 77 I A AT fe ook 30 S i Bl fE
A B DNA i) i F2 B I eoh v 8 B 5 s T E 4
BR R A Y 2 ek AT . B EAERIE
R, KRS 5 IR ) SO R A RO I R
P2, JIRAEIX AW 4y 1 Bl i it ok 2 BT w ks 1
ER IR SR B/ e P G T T Rl A 5
(Confronting Risks of Mirror Life, 2024) I IrT £y
15 B2 AR 40 1 A RS e R I AT 0 0 ok [ B A
P B SR SRR S T R SR TR B R K
Wor 1) BB T 2% 5 B IR SRR, BL AR A e R T Y
[EIPN

3.2 WERELKRBE

R CHEEES BRN, KEA XS mRAEY)
SR RV KR B B — B S A R B AR K
R BAMRBRT K5 B K R GEE AL, 8
3 A9 s AT R AT,
111 ¥4 S 2 25 = % I A A X 3 i B R A A
FE G A 22 AR ) R R B S B, BRI I i
SiR P B DR AR (R 2D S ATML B R
CHn AR 5D TR SR RA R Ty, mHRA A%
PEIR T 3L FAR N L 2 07 Bl 3k R i 3R BA K
SREEA MR (R D

FHOR2GFRER, BHIT N S BAEAE T B T AR/
BN E ST o AL R TR AL
fes LA U, RAE BT 0 R T AR R e sh AL 3 5
WA, BMERTZAR T, &S T XER
B BEZE W XS PR 5325 7 BE T o

FEBOAR R B B, 5% [ [ 48 22 41 DNA £50K 1
R, M T AT B BUR IR I BGAR
e IGSC Pl LA AR B AV N #% 0, HHS T
H T IGSC R AT Mk B A sk B bl s HE SR 3R /e, JF
TRFF 5 IGSC T s AN 55, & LR E
DN 4 T A AR A IR 7 4 19X 4% TR DL T 32 O Kl
(B A B, DR B Mk BB I 0 1 I
WL HL T BRI RS )2 L g . Ak, N
RN TR REIEE T R EAR QI SN, SEE M
Al 2 T E CRRIR 5 I AR 2R ), IZAEZETE
AT S ZHEOREAR, HAFETHHONSLIE R AT RE

Ve, JLORE B BORATE R DI RE, BT BRI T
SR 2K 7T o
BARTE, REESEREYERE, ML

P 7 AR R AR SR L Bk 37 5 KU PP Al LA
R E R SE @R A R AL B BRI BN . A
H DNA X — AR BOR R B SE b, SRR
SEWE R 5 N R K BT L B B BUR 5

R SREGBRAEY AR PR R B
Table 1 U.S. Soft Law Approaches to Governing Synthetic Biology Biorisks

R WFIF R B S B B R R 52 T SRR PR
HERLL SN RE¥ERHERA A7l W WS AE 4R 5 R HIRHAT I B B EUR 515 1B R e 4R 5

BUF 515 UM B
bk B S S IGSC R & p i OSTP fifi A HE 22 E -/ E SRS

NIH W 75 5 HHS HEZL Y5

St B ] EEIFAPY Al AL RTE R R % 7t 6] B N 4%

AR Dip7E ]
IR BRI AR SRR B R A Bk sk

VI B R A OREE = A e 4 ZHARBR He iR Jie 5 22 4
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FUHE RS TR S ZRABIER R, WEERT
BURE AT ML 2S5 O &1 22 05 Wk [R] AR 96 BE R 2%,
N EZH DNA BORTEAE AV R 1) i B 1A AL
MMt . XSl RIEHGHE TR, B
AL R BT BT H LR R EITEZ R,
A 0 L R B A S S, SEEL T XA
UKL 22 2 B 2[RI, 30030 B 9 F ik 5ok
IRAE PRI 2 2 (AT SE N BN GBI 1 2 1)

4 FREPIRIG PR 5 AR
41 REKHAEIK

WE W22 AER) #5035 N —
FEE, NZIXERZE5IHETIERHEHE 1
Tl (=0 EHIER ERE T TR
i, AFOEE R AR B0 D RS
MR EWSBIERE 720 E=1+N%), X
N B A RS B HGE 1R B 1A R K
Pio T (A MRAEYER AP E S ) (Declaration
on the Ethical Governance of Synthetic Biology,
2024) (RPN 2 AT N HEN R TR H )
(The Tianjin Biosecurity Guidelines for Codes of
Conduct for Scientists, 2021). (T hnsmAHTEH
BRI (2022) &3O AP XU AH 5 I A
O A RED R KR E B4R A Ok gt
4 (K2,

B 58 & AR o 1 ARG B, A rp R R
Az i A B A I AT O B S R AR ) AR A 2 R
VR R EN AT T (CERAED e B in
HE Ve HAMEE FHE. P A, HEMN
B HAG BRI, w0 HAR X A A A R

LR MR T RGEMERG NN KT EY L
A COBRME” MR “Er XA A S
MR S B AR 2 TR AR BLAE S B0 0 5 A AR
g FE R BE 7 AR B XU, A% TT & U BOR
AU i B A2 22 4 ARG TR A, 3 ST 4 4 XU T A
JRN L B AT AR 2R o M AT RE AR ) 2 A KUK
D] 7~ g B A 7 OIS IS A it R A 0 R SR
b5 ON S M A 28 IR B8 R 5% A2 IXURS: PFfili AR 2
LS SR o 7 R T A R O WA XA
T CEEX AT REM ] T AV R T AR A
A BOW R R A BT R B R B 1
2 T B BE DA R 7 ) BOBUW VE R G . A R
JEAREEE = AR AR, RO
SR ™ A% P MR NI 77 Y e o [ I SR AT B 1k
R ERAEMBAR, Bk s ok
Bl F R s BB AT, IR T R X 5
Wt R EE RN, P ER e X
17 8 T O RS BRAE ) 2 10 3 % LA AU 2 it
T EMEFIERTE, BT Z SR 5 B
AT PAT B -
BRI A AR B ve, FRE R
HERFHMEEA W - B ReakE5 2 H
BHEFRIRG KA T (B R AW % 217 RHEN R
FERERD), BURPTARFER L BN AEUR LT
P H A B E RN KL 1 Se . R P A
LR, AR I8 SR AE VT FT R Y [R] il e A R
B IR 5 % . R 2 O R DAk
A B (O DA A P A= i B 22 1 A Bk R B AE SR
(Global Guidance Framework for the Responsible
Use of the Life Sciences, 2022) 7= & 7l 2, wf
CUAR 4 3 9 5 1826 W 2 1) A2 0 XU v B 4 it o
DB AR IX py R R AE A BRI R

R2 REG YKL
Table 2 The Soft Law related to Synthetic Biology in China

ey s KA EM ol P 25 R A FEFR
B IRAEY R R R R E M IR AL e S AR EMRs BRZHEARAY SRk
THELE T (2024) ol R EAEY TR S AR /RS
Wy o3

REERAEM R TR RERF EELAWMEY Sy Bkl &5 LYk BT A,
WE R (20210 KERsk SR, HE 3D ST AT A AT Z A B
ST R A6 HdL e A T B VT Al AR A AN R R B AL K LB
YA R L(2022) H % B AT 58 R AR R FH 18 SR W )5 5 2 A L)
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YA —— A% % (biosecurity) , X “ &M
PE” AR TR A 52 s MAENS EXE
SR JE U SR, A DL IR AE XU VA BE S P R
BERTAT I HRAESR 51

CRThnsmblH e EE = L) (2022) &
HERFERE T . BRI R ERHEE S IT R Tk
HAEBERRFIEM, HamH PRI 3 N W PE
A1ty R B RO R AN 1 5 PR AR N XU, 73R
e, Brianrge sl KM RS, B bR R R A
WA, ERE kit ewe, A e, EYrse
MAgERZE”, RENFENEREYFHAITRS
RGBT et 7 a5 .
&, NIRRT 5], B Z 3 st gl
JWC A ) St 5 AR AL, 6T 2 AR ) A XU
TR TRAME S = 7] o

R (BE5. BE. BAL%) NARAE
Vs B A A e B AR A T R A S ) PR B, —
EFERE IR T EEVE R . SR, AL E
PUE SR T o 3, 7 & A HEOR 4757 JEE
KBS B AL PEAL &5 7 T, k= B AR AT AR ) 2% Ak A
M BhRHE,  ME DURE A Ry ml v b 1) St 77 58, i
1T R A CLARIE . DL (R KA 24247 ik
M REFREE ) ], HAREMGE e “1E
SR FRNL T I 5 AV SO O Tk
AERL BBy B AT I, EHE AW
() AWt T OC ) B N VE VA R B BRIE S
F7 ZREMVERK, XA A ARG i Bk
PAT R T ISR -

4.2 RFWEREHEE

B B S A RS A K0T B AN T R
SYPGE RSN X B KU iR B
PIRE UL “HEEN T, BAE N, TR B
WS IR BT DL “BR Se AT, IR . v HES)
WHEGRAEMAERIE, FOHE % a2 m%
BUA Cr i, AL BT R AE AR IR E LS
MRAL AP IR R0 SR o A 48 35 [ B ie B2 5
9 03 2RI Sy T GRG VA G A W A A TR e
ARG OL, 2 RO R 1) 36 PRSI, JF < 1T
fit, @I A0 BARBORIIO ST RS N,

€ 5 2 AHILEE BRIk iR & . Bk &, wl P2
T EALE R n BAEN, € 5 3 ik G
Fe BRI RERREORI ST &, Mg “ R
FKEB+BURF 51" hELE], (EERAE; R
BHEARSORN A, M A7k B+ BUF e 3t
R SV (i T AR

—&, BTG LA IR EAEN, #E S
CERTEMIE R I POE . RO R R R I AN 2
P, FEHNTBHLC B E W EEH AR, St
FEA A e (R k) ERYE E R A
Yoz e BURYE MR VE R, oA REY
WZEP) R iR B TR MR BAE 2N, M (&
A AR PR B E T ) (B AW 2 247 J itk
MR AR T nsasfe BE EA R IL) 55
N B A A R XU i BRIt T A HE T
BT HUA A AN B A, 2 DT AR 1 AT DA Sk )
SE B B 2RI SE T R AN L FE I B0 G 1 AU 43
Kbrte . AL AARRER S, JFiBE
ARR e IV Al BT, O AR BOR (RS HE iR P52
HARkYE . it (CEMZ4ik) b “HREE” R
U PR) Bk S B AR, R LR S VA I B A Bk ED
B, Mg “REERDE L, BOREHAM N M
PrRRES; BB E SRR A, S
A B AU A RS TR “ BB SR AT
RV T4k 3 BEAR 5 0 X SR BE T DAAE B
A AR B R R T RERI AR REAE T, LT
PAOA AR SR AT BE 1 LR SR AT I DO RE AL A

TR, HGREEARNHAITR, Wk “F
FRERABUTHA G T 7 B FEIALE] . B2 5 PF
it~ TSI AR R (1 56— B PRl . B A
AR TR 2 R, SR B e, Hig
£ R IR AR AR AR T — e Rh s TR, AF
e B X S [R5 xT B 4 DNA SR XU AR
PRI I 0,3 g T A o A AR 2 R T L S B
O D BARBOR ROV AR AR VR B, 8
bR OGRR H B, REDEAY IR
(BRAEVEr =) PREHEMBEA D (&
AT 220 85 G RED S U 2 K =
REMRIRMLS, HlETRERENRIZKA
GRS POE I, 7 BRI B 5L &
WM AR L KR A2, EWIVEAG AEYR
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B 7y %, AL A o) B 58 38 A2 4 KU T PR AA &R
WU HUR 2 SR IK R 2 Mo 7, o s SCHLAE R
V00 Bl A B A IR BEAR AE L AT AN BRAT A G
MM . T TTHER TR T8 0 AR 2 K B iR 40 e
A2 MRTT BIVRIR B S8 BARBOR M 2k T 7} 2
R J R RG G VP Aty PR B RIS, i %5 NTH BT 72 45 /e
55 eHEE, &R RPN AT 5 TH
NI W & I PN N e /RPN IV S TR SR
T3 B, R AE v XURSE i YA AR B B BT
ERE IR E CE K E WA TR K E AR
kg HIUH HIRE AR & 1F, BIIUH B
ARV TS ] ) BOA R iR R Bk . i
I B KRR S BUR LA B R SR AL, fR P
BARW T K % 2T e o

=, BESERREARMNAH, #3h “1TIE
R+ BUR AL BB TR R, AT MR B Dl
B — 2RISR B AR, e TR L AT R R
FLE HAR, AR SRERIT &, P A
Mz RRENE . WRATI AR, 5l SREEE
BAED I P BB B R T A R b
Whae s BRING Bl AR 4 7= b 1Bk B A5 D3 R 7 M
AEVATILA L, Fen BB IREA %, MX
S M A A TR 4 R ) E AT L A Ve AR S AT
NUEN, 7k B S 5 G A W) S U ] A v
AT AR v R 5 5 3T TAE . SRALEUR 51 3
HRRE, EFTHRITR LA A R B 5 0 5 7 K
i R 3 C 7 Mk G T K A LT, AT R R
i bm HETH O B K An e, R E GBS 5E
Brbn e 2, MG T HE NI, Dl
SRR VAL B A2 o 5 %5 IGSC IR & WM “ %
JUm A AL, AR E DO B R R, A
P LRI SRS, K KUK I & DA R
ANBUFRIEFRE, T LERA R Iy, Ll H
5 BUG BB B R 3G, ARIE T 37 IR Bl R AL
i, 78 3 WOR P M BRI AT BRI, SEELR
RS FH JRUISE (1 A L T 9

5 & ik

BT, A RCED AT R R R B
AR PR AN B R AN DO AR R 1 3 2 T

SR R 1A L e . AR SRR R R SR
25K 5 18 AT 12 1R DL A 2 9% AR R X A R A D LI
Wt S5 IEH RIS, SR A AR W S S R A A
BRI B, A T & B R R R . 5
Kot it 50 25— R B RS, X R IR
AN I 55 B AT V2 B AR AR P R ) RS Ik S,
1% Ak Bk 5 i B SO i e ol . fEET
N, WEBIEM AR T & A R K G 5
NS, LA R R SR B R, W
P VLA A & AL A1) S A FER S S ) R R

g ERHEANE L ER AT AFHIHR
ERAXHBREABRIRFLTHERE LA
=W
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