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® Darwin evolution is now being superseded by technological revolution

® Advances in Biology, Chemistry, Physics, Computation, Robotics & Al, 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
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Synthetic blology revolutionized traditional biotechnology industry

Biopharmaceuticals production Sustainable chemicals Gene Therapy
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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.
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Genome Edltlllg provided revolutionary solutions for genome
editing of cells

Correction of a disease gene mutation Generation of novel disease-resistant crops
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Woo, et al. Nature Biotechnol 33.11 (2015): 1162.
Ma, et al. Nature 548.7668 (2017): 413-419.




@) £ 1 & Z Wi iR RS

Tianjin University Center for Biosafety Research and Strategy ( CBRS)

Cheaper and more accessible

US Dollars

0.1

Price Per Base of Synthetic DNA
Rob Carison, February 2014, www.synthesis.cc

wets Cost: Short Oligo
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Cost: Gene Synthesis
1995 2000 2005 2010

Year

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.

Add on - Genetically Engineer Amino DNA Playground B ct ial CRISPR and DIY Bacterial CRISPR
Any Brewing or Baking Yeast to Fluor tY st Combo kit Refill/Classroom Kit
Fluoresce
$80.00 $349.00 $209.00 $75.00

DIY Bacterial Gene Engineering Genenc Design Starter Kit - Genetic Engineering Home Lab Genetically Engineer Any
CRISPRKit Engineer the Color of Bacteria Kit Brewin; gorB l( gY ast to
$159.00 $29.00 $1,999.00 $159 00

2015

¥410,00 ¥4160.00 ¥ 540.00 g3

Alil;aba.com

¥298.00

¥1150.00
T URT

NEST PCRIOTLE 4024
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https://www.synbiobeta.com/time-new-dna-synthesis-sequencing-cost-curves-rob-carlson/
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Artificial design and chemical synthesis of a horsepox virus genome
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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

X \ aditional ways to deal with the infectious agents challenged!
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Ethic concerns for CRISPR/Cas9 (New genome editing methods)
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Fig 1. Dogs with Duchenne muscular dystrophy Fig 2. Delivering CRISPR gene editing components (by direct Fig 3. The treated dogs showed improved
injection) to skeletal muscle cells of four dogs to repair related muscle histology

genes.

1. Problem with application, Superman or X Man ?

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

t, will it be the privilege for the rich NOWDAY'S?

Amoasii et al., Science. 2018 Oct 5; 362(6410):86-91.
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Synthetic Biology National Key Program (2018-2022) > ~50-60 projects

Biomedical engineering ﬁhassis engineeri@
Green energy \ Synthetic vaccines Microbial chassis
Electric energy cells Cancer diagnosis Fungal chassis
Plant breeding Tumor therapy k Plant chassis /
Photosynthesis Biomedical imaging

Biomass utilization / Natural products

Plant products Microbial products

Technology development Non-cellular biosynthetic systems

DNA synthesis nv1r0nmental englneen@
DNA storage Detection of pollutants
% Degradation of pollutants

Safety‘) Ethlc Safeguard" \ Bloom-forming algae /

Benefits and risks amplified
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* 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)
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“Safety Management
Guidelines for
Biotechnological R&D”

»
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ipistry of Sciences
of China on

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
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Ke Al =« Two new English journals

(=) B

BIOSAFETY Journal of (Journal of Biosafety and

Rem.iovh o Biosafety and
ol Biosecurity

o e and Health) launched in China.

for Viral Disease Control and Prevention,
Chinese Center for Disease Control and
Prevention (China CDC). B&H aims to
publish original research findings and
thoughts in any aspect connected with
public health and biosafety. In this area, it
is one of the few English-language journals
with independent intellectual property
rights which are hosted by Chinese research
and educational institutions. B&H is on the
mission to build and maintain a platform
for scientists to publish their breakthrough
research findings and communicate
worldwide, and thereby to advance basic
and applied sciences.

Biosecurity) and (Biosafety

Biosafety

and Health(B&H) is an

* Attention will be paid to risk

analysis and solution related

Author Benefits

+ Global readership

« Open Access Journal

« International editorial board and outstanding editorial group

+ Exempts the Article processing charge (APC) of the first year
(March 2019-March 2020)

to cutting edge biology.

Editors in Chief




) £ TE £ F nde R WSt

Tianjin University Center for Biosafety Research and Strategy ( CBRS)

“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
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“International Workshop on Biosafety Laboratory Management and Technologies”

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

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,

lanzania, Uzbekistan)
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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?
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Thanks!

Weiwen Zhang, Ph.D.

Professor of Synthetic Biology

Director, Laboratory of Synthetic Microbiology,
School of Chemical Engineering

Director, Center for Biosafety Research and
Strategy (CBRS) (http://tjusa.tju.edu.cn/)
Tianjin University

Tianjin, P. R. China

Email: wwzhang8@tju.edu.cn
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FEABOREE . AT EA (MRG0 it S/ B s S 50D (K

Ministry of Science and Technology and the Ministry of Health the Ethical Guiding Principles for Human Embryonic Stem Cell Research)
AR F AT CIBESEN

F—F ATEEEEMEFRSA LR TARMRTSE G RIEBNE RIEERRLANESCIEEN
NEENBENEFIEENET, (BHARETFERAENRERR. NEFESEN-

EF TESENAHHARRTARSEARREENTAR £ EARLENTABENEEEE
ERRENTER-

AR A RENMERAMES R AR FABOHITED, HRETHFESEN.

F
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e

C BTN R ARMEAAE - Article 4 Any research on reproductive cloning is prohibited.

e

FAF ATHRERNAKERFHRBRGREETARRE:
(—) RINEHE FREFHER

(Z) BAFBEREER /) LE08:

(Z) EREBERARRENZENSR LD HER:
(M) BRFERREERR-

FAF HTARRTARRWAR, LRETFUTTONE:

(—) RIAHEINEE  ABREBE SN ENBAREGEZITRIENENL . BEFIMNEFRITREFHEN
BBEARTEBITI4R

Article 6 Human blastocysts that have been used
for research should not be implanted into the

() FEBAMEERARS B WL ERNES - reproductive system of humans

or any other animal.

(Z) TEBAZPRENERTRRENAZEEAATHAE MMM EERSR -

BLE BUZIRALEF . FH00 MElaT)LAESD-

FNE HTARRTERFR, LRAARYABERESHELEREN . EENEAEH, RIPFI
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EEANEYEEZHARCEEETEINE Ethical examination method for biomedical
ExEPAEFES research involving people

National Health and Family Planning Commission

FHN\S SRANEMESHRAL S A FOBRD : Article 18 Biomedical research involving persons shall conform to the following ethical
(—) SRR, SENRESHELESIMRNETREN , PEEAEERES . principles
PILRIRIE, V5. BES RS SRR A SN EEEEIE  (1) Allowing subject to withdraw from the study unconditionally at any stage;
— ) IR BEREASR SR RSO EORT PP Al : . : . LS
5% Eg;égzgﬁf ;ﬂmf ;E;; %Eigg?géﬂ@f g%gg fjﬁ%ﬂm R (2) First, the subject's personal safety and health rights shpuld be given priority,
(=) BEARMEEN, NSnt, amnersnes , Jenssmpnrekmsmzs,  followed by scientific and social interests. The research risk and benefit ratio should be
ST R AL I FE T T 25 2 2 PN 2 T A 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;
ERE ARERE
B+ES EF DAYERRIEe T CEERAEATRESRANEESHRN , ma  Article 45 If a medical and health institution fails to establish an ethics committee to

U DA A TEER ) SRS IRIBEE . EHAAEY |, (HERI B PATHETEERIF U carry out biomedical research involving persons without authorization, the local health

& FFRISRA3ATCLIRSTR | ST RMRAMBMREAR | KiEA T, and family planning administrative department at or above the county level shall order
it to rectify within a time limit;

_BETE& MARREERANAE B PIERZ 19, BRI IET DAEHETRE Article 47 If the project researcher violates the provisions of these measures, the local
MRS , RS DERETRRT. W DTRARANSMREAR , 050 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;
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Response of National Health and Wellness Committee and
the Ministry of Science and Technology on the
incident “Immune AIDS Gene Editing Baby”

FirR - BERDERREZERS MERABET "REEHRERREE
)L" BXERREA

HEEXTIIE28HE_BEMAXRERREESE X "REER
HRMWEZ)L" B8, 8XZ)EEHTEERSL. BIBEENMN%EIRA
EHNRENE , ARRIEARNET &SV MIZREE XEEEZNNCEEN
BT, WEEEMITRERFLAEL.

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

Chinese Academy of Medical Sciences

FEEERI, BB HFREMBERT , BRASEHIHOIENTE, ARAE BN

A B RERIERRIR . AR RRAEFRERARFAILAT, FARERHFE2 B8R

AineEME, HERAEEINEFHASEA, HIFERAFNR, SIPAREGNEFRER, e

RERHEFIEFFRE -

Chinese Academy of Sciences

8 ERSNEFIEHARIEFERRER)EENLE | MitPERZF
TFamEEM., (FAREEANMSFHRFEENFNEZTIENE]
£52 , FERFRFINFECERERSEFNTER  BISEXT
S, BRRIHEADMA, HEIRUERCTHE, A Tms, KT
2, CEZNERELINER THEASMRERBENIGRNA, Fi1E
BIAREBEAERREXRN K ARRARE | ZLAXER , FHIFFE
FEENEENET S AT EEHENSR.

Chinese Academy of Engineering
EFEASIA L, ZNHRRELHE | HFENRARNNATERS,
ECESERL , FFERZRHTERIE  ZLEFENURANEAE

R BAFREUEEABNNAZLEEARERREIRFIEE  mEES
TEARCEIEARIFER,

EEESEAL | ZR AR ER T EREXSHENXTERBXHR
HNEFIBGE, ZWFAEEMNE | S0iE 7 BBSEEIERTRAIRIE.

National Research Foundation of China

EBR , BHRRENXTRESZIEE AZRRERRER/LHNIESE
ERSINEARIE S ZINE. MBRXIEARIEE , ERERNZEESER
SWEMZAAETRERNERFERMUEEN , WEFEEREERTIE
EEFRFREN RS E T AT RER.

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.
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Chinese enterprise self-discipline mitiative

BEENH

EH, BX “ BARIAXZIL " BXELSIRTE
RSMRIZE R RAEBITIRIREXESRABI.

{ERRFERNERRFHTARAN BYUY, 341
FEBFERBXII N EHRBENCERE, B2UF
HFRETHEEFREMNT, RTICHERDRIBGHE 1l
IR ZAIEC .

ik, FATUREGRIQRMAOTILES. BIXA
BT

1. INEBEMEIR, EahBEFREAM.

BAGAFEETESEDHFRR . EMEARCIHT
FIRXAGER GEHIBER, Eah8F, T2 B, IR
RS EEBINESSEE.

2. BUCEER, RFATIIAH.

BASAR BT A RN LB RS
BEIR, HRANFED X, R TEEXCENE,
RATILSECIEAA.

3. @AGTULER, KIBHSBE.
BRI AELIF AR REPE %2R, INETLE
@&, FARBH BT, HEHEHTLRELR.

SEHRFN AR R E RN 5 IR
Hezh, ER/ENUNMINBRSES BN BHE
BTN —175], BN EEIEEE, HE%HP
UM NENRRAE, ZERFNTLER, 2
ML EAREE, LEBRHIHEIEIERAZ!

X ‘BRMENSE" B5EWBRNT (432K,
HBARD%ER) :

EXRBEAES ., BERBR. NIREE. @BFIZH
« BEN. BBREY. MERE. SRR, RIJEY
. AREY. TRER. CREF. BHET. B
B, 2EET. XEFER. MERER. SEER.
FAERA. EEE. RERR. ABEE. TEiliA.
IS, X@EY. BEBIT. KMNES. 528
EF. BiERE., £5EY. BXREY. SEBX,

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

Gene-edited babies: Chinese Academy of
Medical Sciences’ response and action

Gene-edited babi
Chinese Academy of
Medical Sciences’

response and action

CRISPR-Cas9, a powerful tool for
genome editing, has provided novel
strategies and potential for treating
human diseases. However, the ethical
challenges remain unsolved for many
clinical applications. As researchers
from the Chinese Academy of Medical
Sciences, the national biomedical
research institution in China, we and
our colleagues are deeply concerned
about media reports of the dlaim of the
first gene-edited twin babies “immune
to HIV" by Jiankui He and colleagues.*
Atthe

s

Pre-clinical research on genome
editing of human reproductive cell
lines must follow technical standards
and ethical norms. Sufficient evidence

public_education programmes of
scientific knowledge and ethical
awareness. Comprehensive education
and training programmes are essential

for the safety and eff  this

por
Medical he

inwvitro studies of human tissues and
embryonic genome editing studies
of non-human animals, including
primates.

The Chinese Government prohibits
the genetic manipulation of human
gametes, zygotes, and embryos for
reproductive purposes. The relevant
government regulations and guide-
lines are dlearly stated in the Guiding
Principles of Ethics for Human
Embryonic Stem Cell Research (2003),¢
the Ethics Principles for Human
Assisted Technology

are guardians of human health. We call
forthe protection of the personal rivacy
of the twin babies and for proper care
to ensure their healthy development,
psychologically and physiologically.
We must abide by the laws and follow
the highest scientific and ethical
standards to ensure the safe translation
of scientific advances to human health
benefit. New technologies, such as
CRISPR, potentially revolutionise
medicne and we are confident—with
the collective wisdom of scientific

—

Human Genome Editing in Hong Kong,

and Human Sperm Bank (2003); the

su
that we an reach common ground and

China,
CRISPR-Cas mediated genome editing
of the CCRS gene in human germ cells

Research Involving Human Beings
(2016),* and the Safety Management

and, if

Measures for Bi

we our position
and concerns for the potential scientific
ramifications and ethical impacts to our
scientific community?

We are opposed to any dlinical
operation of human embryo genome
editing for reproductive purposes in
violation of laws, regulations, and
ethical norms in the absence of full
scientific evaluation. In the rapidly
developing area of genome editing
technology, our scientific community
<hewld unhold the hinhat ctandardc

Resear
and (2017)” Jiankui He's

andapplicationsin health sciences
We dedare o competing e,

hen Wang, Xiaomei Zhai,
Xinging Zhang, Limin Li,

q 3

Scientists must place social
responsibility before their research and
evaluate and prevent any potential
tisks to human health before the
implementation of highrisk research.
Clearly, more practical guidelines are

De-pei Liu, on behalf of
Chinese Academny of MedicalSciences
jianwei wang@ipbcams.ac.cn
G eyl s, 33
100730,
3 SiaTech Bithof s gene-edted s

Chin SaTechow 26,2033 e,

necessary for emerging

s (sccesed Now29, 2018;in Chines).

In view of the jical progress

2 ch

iccu furthar anaratinnal tachnical and

Nov 28, 2018 hipjnewssins.com.
Pttt
N 20 201R i i

@
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Chinese Academy of Engineering calls for
actions on the birth of gene-edited infants

Chinese Academy of
Engineering calls for
actions on the birth of
gene-edited infants

At the Second International Summit
on Human Genome Editing held in
Hong Kong, China, on Nov 27-29, 2018,
Jiankui He, the leading researcher
involved in the birth of what he claims
are gene-edited infants, described their
work using CRISPR-Cas9 mediated

a

together to develop
strategy to ensure the twin babies’
privacy and to provide preventive
measurement for potential health and
social issues related to the genome
edi

o
Academy of Engineeing statement onthe
el bl it

mainfcct2018-
i et

Minstyof Scence and Tech
Ministyof Health, Gusing Princles of Ehic
forHurman Embryoni Stem CellReseach.

profesionas to strengthen sl

‘and Ministry f Helth, 2003 i Chinese)

discipline of
laws, and

Asisted Reproductive Technology and Human

tegulations in their research aciviies
When new situations emerge in the
process of scm.ﬁc and

(inChinese).
Natiorsi Helth and Famdy Planring
Commision. Ethical Review Meamures for

should undertake

germ cell and embryos. This claim has
caused outrage among the scientific

o, cthical reseaeh, strengthen
education in related areas, and

The Chinese Academy of Engineering
(CAE) is a national organisation
composed of elected members i
ngeeing se and technology.

The Medicine and
et of OoF provides national and
interational advice on issues relating

health, medicine, health policy, and
biomedical sciences. The Division and
the Scientific Ethics Commiittee of CAE
issue the following response to this
event”

Academically and technically,
presented  work by

provide a new advance in the science,

pat
“The related ethical guidelines should
also be improved to ensure responsible
research. The relevant authorities
should improve related laws and
regulations, scrutinise regulatory and
supervisory processes, advance the
relevant legislative work, and prevent
ethical misconduct.

We will pay dose attention to the
ensuing investigation and its outcome,
andwillprovide necessary scentific and
technical advice and su

We believe the above statement
represents the main voice of our
ntific community. With the rapid
development of incresingly powerful

and the
(e(hnology in human ambryus for
reproductive purposes s inappropriate.

Ethically and morally, without
solid scientific validation and full

genome editing that
could pam.mny alter human genetic
make-up, we must act now and face
the challenges. It s time to formulate
relevant leaislation, laws. requlations.

Bejing: Natonal Healthand Family Planning.
Commision, 2016 (in Ginese).

o —
S0U0£73618)33081.2

Open letter from Chinese HIV professionals

on human genome editing

Open letter from Chinese

agencies should make renewed and

HIVp Is on
human genome editing

On Nov 28, 2018, during the Second
International Summit on Human
Genome Editing in Hong Kong, He
Jiankui and colleagues from China
claimed that they have edited the
human embryonic genome to disable
the CCRS gene in work that resulted
in the birth of twin sisters! The
announcement generated  serious
concerns relating to scientific ethics.
As Chinese professionals engaged
in HIV research and prevention, we
strongly oppose genome editing on
healthy human germline cells and
embryos for reproductive purposes
and HIV prevention. We aall for
policies and regulatory authorities to
thoroughly investigate this incident
and to fully protect the privacy and
rights of the babies and associated
family members. We commend the
Chinese Government agencies in
swiftly halting such experiments
and initiating a series of nationwide
efforts to safeguard the highest
scientific and ethical standards in
genome editing research. Rules and.

regulation and implementation of
genome editing technology to take
account of all appropriate scientific,
ethical, and societal contexts ™
Those individuals and associated
institutions that violate these
principles and regulations should be
held accountable.

Second, there are clear and
strict regulations and institutional
review processes in Europe and the
USA on human genome editing
technology:» China has introduced
scientific and bioethical regulations
and recommendations on safety
and applications of biotechnologies
to human reproduction since 2003.¢
However, government policies and
regulatory authorities worldwide
must keep pace with developments
in this technology and formulate
effective regulatory measures in
a timely way. Researchers and
their institutions worldwide must
safeguard the highest scien
ethical standards in scientific
research and improve their legal,
scientific, and ethical awareness. The
safety and effectiveness of human
genome editing technology must be

luated

the proper evaluation and oversight
on genome editing technology for
human use. In support of stable and
sustained scientific development in
China and other countries, we make
the following statements.
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‘with appropriate oversight.
Third, human genome editing

the CCRS gene would not completely
prevent HIV infection.

Finally, proven effective and
affordable strategies already exist
for the prevention of perinatal
transmission of HIV, including
antiretroviral drugs, safe delivery,
and alternative feeding? Embryonic
knockout CCRS provides no benefit
but is likely to have uncontrollable
tisks to the babies and their future
health.

Chinese scientists are committed
to scientific advancement and social
development. In exploring new
areas and driving innovation we
must always safeguard the highest
ethical standards in our research.
The proper balance between risks
and benefits must be evaluated and
managed to ensure the innovative
human genome editing technology
can be safely and effectively applied
for future human use. We have an
obligation and responsibility to
provide the best quality of care to
our community while pushing the
boundary of innovation to fight
against human diseases.
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