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• Darwin evolution is now being superseded by technological revolution

• Advances in Biology, Chemistry, Physics, Computation, Robotics & AI, and
Space sciences are changing/reshaping our relationship with our mother nature

• “Optimistic for technology” vs. “Pessimistic on governance”

• Science and technology innovation always outpace the regulatory measures

• Fast and dynamic changes of the technologies



Synthetic biology revolutionized traditional biotechnology industry 
Biopharmaceuticals production Sustainable chemicals Gene Therapy 

Atsumi, et al., Nature 451.7174 (2008): 86. 
Ro, et al., Nature 440.7086 (2006): 940. 
Lu, et al., PNAS 104.27 (2007): 11197-11202.



Genome Editing provided revolutionary solutions for genome 
editing of cells 

Correction of a disease gene mutation Generation of novel disease-resistant crops 

Woo, et al. Nature Biotechnol 33.11 (2015): 1162. 

Ma, et al. Nature 548.7668 (2017): 413-419.



Cheaper and more accessible 

https://synbiobeta.com/time-new-dna-synthesis-sequencing-cost-curves-rob-carlson/ 

Cost of gene synthesis dropped 
from $12/base pair in 2001 to 3 

cents/base pair in 2016. 

Amazon.com 

Alibaba.com

https://www.synbiobeta.com/time-new-dna-synthesis-sequencing-cost-curves-rob-carlson/


Artificial design and chemical synthesis of  a horsepox virus genome 

Fig 1. Virus design strategy. 

Benefit: a novel replication-proficient smallpox vaccine 

Misuse or destructive use: development of horsepox virus with high fatality rate 

Noyce et al., (2018 Jan 19) PLoSONne13(1):e0188453 

Traditional ways to deal with the infectious agents challenged!



Ethic concerns for CRISPR/Cas9 (New genome editing methods) 

Fig 1. Dogs with Duchenne muscular dystrophy Fig 2. Delivering CRISPR gene editing components (by direct 
injection) to skeletal muscle cells of four dogs to repair related 
genes. 

Fig 3. The treated dogs showed improved 
muscle histology 

1. Problem with application, Superman or X Man�

2. High cost of adeno-associated viruses, a deliver vector for delivering CRISPR

component, will it be the privilege for the rich NOWDAYS?

Amoasii et al., Science. 2018 Oct 5; 362(6410):86-91.



Increased investment 
and R&D activity 

Synthetic Biology National Key Program (2018-2022) > ~50-60 projects 

Green energy 
Electric energy cells 

Plant breeding 
Photosynthesis 

Biomass utilization 

Technology development 
DNA synthesis 

DNA storage 

Biomedical engineering 
Synthetic vaccines 

Cancer diagnosis 

Tumor therapy 

Biomedical imaging 

Chassis engineering 
Microbial chassis 

Fungal chassis 
Plant chassis 

Natural products 
Plant products Microbial products 

Non-cellular biosynthetic systems 

Environmental engineering 
Detection of pollutants 

Degradation of pollutants 

Bloom-forming algaeSafety? Ethic ? Safeguard? 

Benefits and risks amplified



Challenges 

• Balance of research innovation vs. governance 

• Difficulty to separate between “good use” and potential “bad use” 

• Challenges with governance: materials vs. information 

• Technologies ready for potential misuse 
1. Synthetic virus bacteria with broad infection spectrum and capability 

(current international measures insufficient) 

2. Targeted human damage (by genome editing) 

3. Engineered insects 

4. Human modification (by genome editing)

…



Governance and education 

“Safety Management 
Guidelines for 

Biotechnological R&D” 

Issued by Ministry of Sciences 
and Technology of China on 

July 12, 2017 

Ethics Committee formed under Synthetic 

biology Society of China - 2018 

Education program - 2018 

Tianjin University: “Biosafety and ethics 

relevant to biotechnology” – undergraduates 

Huazhong University of Sciences and 

Technology: “Ethics of Synthetic Biology” -

MS and PhD program



• Two new English journals

�Journal of Biosafety and

Biosecurity�and�Biosafety

and Health�launched in China.

• Attention will be paid to risk

analysis and solution related

to cutting edge biology.



“Ethical and regulatory framework of synthetic biology in China” 

(2018-2022) (funded by MOST) 

Project goals: 

(1) Establish ethical norms for synthetic biology research, propose specific market access 

norms and government regulatory policy recommendations; 

(2) Propose effective laboratory research and safety management norms and 

implementation methods 

(3) Establish public channels of communication and public participation 

(4) Develop intellectual property mechanisms relevant to synthetic biology 

“Ethical governance of synthetic biology” 

Funded by National Social Science Foundation of China



“International Workshop on Biosafety Laboratory Management and Technologies” 

Wuhan, China. Oct 15-25, 2018 (Organized by CAS and MFA of China) 

International collaboration 

24 scientists and lab managers 

22 counties (Bangladesh, Brazil, Bulgaria, 

Cambodia, Cameroon, Croatia, Congo, 

Egypt, Ethiopia, Hungary, Laos, Latvia, 

Malaysia, Mauritius, Myanmar, Nepal, 

Nigeria, Pakistan, Poland, Sri Lanka, 

Tanzania, Uzbekistan)



Questions and discussion 

1 What is your opinion on risks of dual-use biotechnology? 

All responded with “yes, we can see potential risks with dual-use biotechnology”. 

2 Is governance of dual-use biotechnology necessary (in your country and in the world)? 

All responded with “Yes”. 

3 How this has been done in your country so far? 

They felt very little governance in the countries. 

4 Could it be done better in your country (or in the world)? 

All responded with “yes”, but a portion of them felt attention from the governments is not enough 

currently. 

5 If any, what types of resistance you expect when doing so? 

No resistance because no action yet! However, they all emphasize the leading roles of governments 

6 What you think are the most important factor(s) in governing the dual-use biotechnology? 

Government, regulation, mandatory education 

International agreement will encourage the governments to act
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Ministry of Science and Technology and the Ministry of Health«the Ethical Guiding Principles for Human Embryonic Stem Cell Research» 
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Article 4 Any research on reproductive cloning is prohibited. 
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Article 6   Human blastocysts that have been used 
for research should not be implanted into the 
reproductive system of humans 
or any other animal.

*A~ ~TT J\ .BH&-f-~.De!~ff~' ,£,\.iX!iA~l:l!fW~•IWlaJ~~~•IW~~.l!l!0011' ~it~•IWlaJ~~. f¥t.P~\i( 
~aiJ@Jlo 



i~ RA.B9~w.J ~~~Jf ~ f 'B!~ $i§=~ 5! 
~~~~it~~ 

M+J\ffi ;W&.A.89:':t!lm12s#li,l~@:3ffiS-~:.lTfCJ11Wl\JiW : 
c - l mfflfi,]~JmJJ!U. ~mm&~~iitif~~*/J□ffl~B9E1:::t:~lEt->1. . r"'mlilfimfflfi,]~f¥1¥ . 

i!fill:ileffl!V.'.llli,L ;fljiyt lltiE!UmllE:i'tii\'.iffi,1~*/J□li,I~ ' itl.!fs'tiitifm:1:{oJ~1)-m7e~flj:~:±lli,I~ ; 
( =) ~$JJ/Xl~Jm])!U. §~~iitif.A.~~~- iJtmH>l.1m:JN1±iJG%:ttll{l2' ;let,).::::,t-~f--Wmi±~;flj 

t;;f_ ' ffl?i!Xl~!§"~faBf9LlfifaS-Illl ' tJ,:j(fie~iMiQ'-PJi l!!!!aef9.i~ ; 
( - ) !.BWH□tH~imlJ!U. @:3~'J', S-Illl:ttll~m~iitif , X1:i'tiitif*/J□li,l~:f:1iji&JNH{oJ~m , 

x1r~iit¥-&~iiti::tf¥q:,§fa89S-Illl~m1±i&3f€i"T~3tH~ ; 

Mtdi ;tl!!!iff 
Ml!!l+.nffi !2stf I1-:':ttJ1,1'1;J$ 1ti'~/\\J1.lEi,p'.l: fCilll~l,3. Ml El ff ~;W&.A.89:':t1i!J 12s#liJf~B9 1 El3 :f 

t.&.1,,t.t:ttllnI1-:':tH:':thi!&fl!lfl~~~!,!lt'lf/s'& ; ~lt'l:f:&B9 , El3~;tJH:,t_t_:ttllnI1.:':tl.t:':thi!&fl!lil"T ~:,( '!' 
'a. #PJll.l::WJJ:n;~:,(TW~; X'ttJ11'1;J:!:~fQ~.A.ID:!etftll~H.A.J,3., f;&;t;;f€/-j',ll.l::53-. 

Ml!!l-tt~ IliH::lffl~ifB,&,$:!IJ.iti11lllE , ~T9UffiM2.-B'l , EllIH!U:,t_t_:ttllnIJ.:':ti.t :':tfii!ll:ffll 
il~~~i,!IIJllJ'il!& , :lt'PJm@ffi~$£mtS'T~fliHltW, 'i''a ; x1:l:ilif!l~.A.ID:!etitll~H.A.D'i. , i:&ititS'T 

< - 1 ffl'fPilJ rlanmn:tu1t&e1r1ww:%W* ntliti@ffiw@t1ffi'BIUflG · 
( - l fflSJ1W$%$FW?6$RNUIBflFW267Blfl:i:NWllwffiifJ!@~,6.R9 · 
(=)B,&mffifi,J~ffi~11lllEH~~§ffl~B9; 
( l1!l ) :l'titllB,&;;$:!IJ.iti11lllEB'lffiM. 

Ethical examination method for biomedical 
research involving people 

National Health and Family Planning Commission 

Article 18 Biomedical research involving persons shall conform to the following ethical 
principles 
(1)  Allowing subject to withdraw from the study unconditionally at any stage; 
(2) First, the subject's personal safety and health rights should be given priority, 
followed by scientific and social interests. The research risk and benefit ratio should be 
reasonable, and strive to make the subjects avoid harm as much as possible; 
(3) The principle of free and compensation. Subjects should be selected fairly and 
reasonably. No fees should be charged for participants to participate in the study. 
Appropriate compensation should be given for the reasonable expenses incurred by the 
subjects during the course of the test; 

Article 45 If a medical and health institution fails to establish an ethics committee to 
carry out biomedical research involving persons without authorization, the local health 
and family planning administrative department at or above the county level shall order 
it to rectify within a time limit; 

Article 47 If the project researcher violates the provisions of these measures, the local 
health and family planning administrative department at or above the county level shall be 
ordered to rectify within a time limit, and may be given criticism and warning according to 
the seriousness of the case; the principal responsible person and others Responsible 
personnel shall be punished according to law: 
(1) The research project or research project has not been reviewed and approved by the 
ethics committee to carry out the project research work without authorization; 
(2) Serious adverse reactions or serious adverse events occurred during the research 
process were not reported to the ethics committee in time;



Response of National Health and Wellness Committee and 
the Ministry of Science and Technology on the 
incident “Immune AIDS Gene Editing Baby” 
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Chinese government always attach importance to and safeguard the people's 
health rights and interests. Scientific research and medical activities must be 
carried out in accordance with relevant laws, regulations and ethical standards, 
and any activities that violated laws or regulations must be thoroughly 
investigated and definitely punished.



Response of Chinese scientific community on the incident 
“Immune AIDS Gene Editing Baby” 

Chinese Academy of Medical Sciences 
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Chinese Academy of Engineering 
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National Research Foundation of China 
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The Chinese scientific community has announced a serious statement to express the clear stance and firm attitude and 
opposed any words and deeds that challenge scientific ethics. The Chinese scientific community will resolutely defend 
the will of scientific spirit and scientific ethics, and never change the determination to defend the Chinese government's 
regulations on stem cell clinical research and regulations and the insistence that science and technology will always 
benefit mankind and serve the society's sustained and healthy development.



Chinese enterprise self-discipline initiative 
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BGI, along with 31 other biotech 
companies released the Self-Discipline 
Proposal: 

As a responsible life science research 
and technology application organization, 
we fully support the investigation and 
accountability of the relevant departments 
by the relevant state departments, and 
strongly urge peers to adhere to the 
ethical standards. Never promote the 
advancement of science and technology 
as an excuse to break through the bottom 
line.



Response of Chinese scientific community on the incident 
“Immune AIDS Gene Editing Baby” 

Gene-edited babies: Chinese Academy of 
Medical Sciences’ response and action 
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Chinese Academy of Engineering calls for 
actions on the birth of gene-edited infants 
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Open letter from Chinese HIV professionals 
on human genome editing
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_.........,...,......, ... 
invalwdinthebirthr:Jwh.ulwclaim,; regu1.1oon,; in lhH ,-..rm .,uivit...._ ::--'0.:::-.......... ""-1<1" 
llfl!ge<>l'..dit«I infllnn, ~ their Whftn,-si!Ulltiofl!o""""'9"inthe ~:::::...-"r.i:=.=.1oo 
wort using CRISPR·CH9 medi.a1fd proc~•of..:ienlificand t~ .,... ,...,_,, 
~mtingr:JCCIISg,,w inhuNn dewlop,nfll1.-WIOIJldund<t<ub 

_____ 
~Mn6(lo-~ 

9""'cd.andfflD)'O'.'Thi,;<Wmha,!, iolid, eihial r-.irch, mengthen 
...... 

c.--.1 oum,g.. 

--""""""-
llfflOng the sc:iftntillc edlK.Uion in ,.,Lated .,,u,. •nd 

Cl)ff"ffll,lflityand~w,:,rldwm. llnticipm,powblerisband~ 
ThtO..-A<nmyr:J En,jnftfw,g Tht relmd elhiul guideline wKlid 

(CAE)'l•n.aticww~ llkobemprcw,edto-~ 
oompowd of fflll'<I ~ in n!W,llrch. Therelevllnt •uthorities 
Nlgi,_;ngsc:iN,c,,andtrdv>ok:,gy .tio,,,ld imp,ow rebted i..- •nd 
Tht~olMft<icnllnd ~tions,..:rutiniwrf9Jbtory..,,d 
HellltholCAEp,oYicles~~llnd w~procesH$.advlll"ICethe 
in-~lldvic,eoniioiJtoirebting relewontltgislati"lworit:.•ndp,eYent 
to hNlth, rnrckw,e, hNkh polq "nd ethiuln"oSCO"ducl. 

-· 
biome<iu,l ~ThtOMwnllnd Wewill p;oy~lltlentionlothe 
the Scientific EthioCOffllmtet r:JCAE -,;ngffifStiglltion..,,ditsou~ 
issuethefolowi,,greponwtothis ..d~prollide~..:itntificllnd 

r«hniullCMceandsupport. 
Aclldemiu lly •nd 1tchniully, We bde<we the llbove stlll...,,..,t 

the presented work by representsthern,1inwic:eofour 
Jillflkul Hft llnd CohllgUH does nol Kienlificcommunity. With the <lipid 
pr!Mdell,-adv..-.ceinthescience, dewlopmentolincrusinct,powe,ful 
andthellppiclltionr:Jgenomeediling genome ediling IKhnologi<ts th.lit 
tKhr\olog)'inhumllllnnbryosfOf couldpotflllilllylllterhumllflgen<ttic: 
rep,oductiwpurposesiiirwlpploprillte. rNl:e-up. we must llCt now viii fxe 

Ethic:lllly llnd mo,ll lly, without theCNlfflges.lt istimetolormt.Ute 
solid sc:ientif,c vlllidltion ind full relewontleQisllltion.b-.,_,i.tions, 

@ ,.....,...,.,., ....  _ 
---~ 

Open letter from Chinese "9""<""'.t.ouldrn.ak<trene-,lmd thtCCIISgenewouldnotcompleuty

HIV professionals on enh.inc«leffortstoenwretheprope, 
•~ul.uion and impleffM'nt.uion of ~~:,iv~~::~~fftcti~e •nd 

human genome editing geno.,...fditingt«hnologytotllke llffD<dllbl<t,11.u~i<ts•lre..dyui.i 
xcountofa.l;i,pproprlitesc:ientifoc. lo• the pre~entlon of pe<in.,UI 

Ont+ov28.20t8,cbingtlw'i«ond Hhic•I. •nd sodeul conluH .... U•n•minion of HIV. including 
lntn~tion.al Summit on Hunw, Those individu•ls •nd H.OCi;a ted •ntiretrovi,lll drugs.Yfedelivery, 
Genome Editing in Hong Kong. He lnUitution, that vlol.;ite theift andallN~liwfttding.'[mbryonlc 
Ji.ankui line! collugun from Chin.a principles•ndregulationo.houldbe knockoutCCRSprovidesnobenefit 
cl.iimed th.lit they hllw edited the held11:counuble. butiilikelytohllwuncontroll.ible 
hurmn...,bryonic:genom<tlO~ Second, there arecleuand riskstothel,.a,biftandtheirfuture 
theCCRSgeneinW<ri:thlltresulted ,11K1,~Lation••ndinstitution•I he.Ith. 
inthebirthr:Jtwinsisten.'The reviewp,oceswsinEuropellndthe Chinewsc:ientisUll!ecommitted 
llnnDUIK""""I geM<>llfd Wfior.K USA on hum•n g,,nome editing 1osc:iftn1ifocadv•nc...,,,.,, •ndsoc
concerns,Ntingtos.cientifoceihiu. tKhnology."Chi~hllsintroduc:ed devel09men1. In uplorfng new 
AsChir,eseprolessionlllsengllged sc:ien!ifocandl,;oethial,egullltions lllHS llnd d1ivin.g innovlltion -
inHIV.,,..,arch..ndpr.,.,,..,tion...., •nd recommend.uion• on ,..fety mus11lw")"'Yfegu•1d1hehighes1 
strongly 0p!>OSft genome «!;ting on llndllpplica.tiomofbiotKhnologies ethi<lll sta.nda.,ds in our ,ewuch. 
huhl')' humJ,n ge,mline ctlk •nd lOhumllnn!pfodu<tionsince200).' Theproperb.ilancebetweenrisb 
nnb<),:,sforrepnidu<tM!pulJID"" Ho-r.govemffM'nt policies•nd •ndbenelitsll"IU\tbeev.i...t«l•nd 
line! HIV P'""""tion. We cd for •~uLnory lluthorit"'s worldwide rN~gedtoensurelhe innovlltive 
policie,.andregullltoryllUthorillesto must kffPp;i,,:ewithdlfvelopmtnls humangenome«lilingtechnology 
thoroughl)' invnti!Jllle thi, incident in thi, technology•nd fOfmul.ite un be ufely •nd effectively ,pt>lied 
llndtofulyp,otKttheprivX)'llnd effective r~ullltory menu•es in fOffuturehum;i.nuw. Wehllwlln 
rightsofthembiesllndn..:xi.otfd • ,1..,..1y w•y. R<tu•rchers and obllg•t lon•ndr<t•ponsibi lity 10 
family mnnbeB. We commend the their in,titutions wOfktwide mus1 p,ovidethebest qulllityofcllfeto 
Chinese ~rrment ~ In ,..fegu,rd the highe.i Kien t ific: our community whillf pushing the 
owiflly h.olting wch expni"""'H ethiul Ullnd•rd, in Kientific boundaryofinnovuion toflght 
llndinitilltingllwriesofn.,tionwide rewllr<hllnd improve their leglll. ll!Jllinsthllfflllfldiie-. 
elforutouf~rdthehighest sc:"'n1ifoc.•ndethiulaw.,eness.Tht 
..:ientifoc line! ethial ,undards in yfetyllndeff«tivenes,ofhurn.an "u,qi2hong.Pwig2hong. 
genome editing rewllfth. Rules llnd genomefditingtKhnologymustbe XaomtiZf--.Y"inw,gShoo,ond 
regul;ltiommustbeirnplemn,tfdfOf evw;itedin•regui;ilfdffl'M<>llfflffll Snsit.u.11nbrid{o(149signatomt 
thepropNevalUlllionllnd""""'!jht with;ippropri.,,tecwen.ight. d,anglinqi ....... twrghua.......... _ .... _ 
on genome editing 1Khnology for Thi,d, humlln g,,nome editing 
hum•nuw. ln,uppon:of,uble•nd l«hn<mgfRilrequirftimp!OWfTlffll 

____ .,_.,...,,... 
su.t.ned..:ientifocdewloprn<tntin llnd ,ffi....,,..,t. The<e Ire ~bly 10 be .-,i,,;~~Oft!IZI;-... 

_...,_.., 
(hin.,;i.ndothe<countries.-m•kt unintendedconsequtncesofthi• 

~--~--
the_followingn.;it""'."'": , ••• ~, •• , technol:r _ l~g,,ly~ i;~Yi~, Q"; llwlfl-.OwfflC.-,lo,--

__ 
~~~-:--~~~ 

@+lt-

~-~~ 

~--~ 
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