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Where Does Science Fit Into An International

Dlé‘érrmamgnt and Non-Proliferation Treaty?
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The Conventions Mandate the States Parties to Discuss Science

The Conference of States Parties Shall:

“

and, in this context, direct the Director General to
establish a Scientific Advisory Board to enable |
him, in the performance of his functions, to render |
specialized advice In areas of science and l.,
technology relevant to this Convention, to the | i
Conference, the Executive Council or States |

Parties.”

CWC Article VIII, Section B, paragraph 21(h) ] |
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The Conventions Mandate the States Parties to Discuss Science

CONVENTION
ON THE PROHIBITION OF THE DEVELOPMENT, PRODUCTION
AND STOCKPILING OF BACTERIOLOGICAL (BIOLOGICAL)
AND TOXIN WEAPONS AND ON THEIR DESTRUCTION

specialized a ARTICLE XII

teChnOIOgy re Five years after the entry into force of this Convention, or earlier if it
(600] 1) (I ()[R is requested by a majority of Parties to the Convention by submitting a
Parties.” proposal to this effect to the Depositary Governments, a conference of States
Parties to the Convention shall be held at Geneva, Switzerland, to review
the operation of the Convention, with a view to assuring that the purposes
of the preamble and the provisions of the Convention, including the
provisions concerning negotiations on chemical weapons, are being realised.
Such review shall take into account any new scientific and technological
developments relevant to the Convention.

CWC Article VIII,




How Do 193 “States Parties” Discuss Science?

Signed Without Ratification
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Can the Science Connect to Policy Priorities?

= Science:  discovery,
evidence, knowledge
(running experiments)

" Policy: values and norms (defining outcomes)
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Can the Science Connect to Policy Priorities?

= Science: discovery,
evidence, knowledge
(running experiments)

" Policy: values and norms (defining outcomes)







FEATURING
* How to Grow a
Frankenstein Hand!
* How to Turn Milk
into Stone!

* How to Make a
Potato Gun!

* Cola Geysers!

* Burning Ice!

* DIY Blubber!

* Homemade
Lightning!

* And More ...




The Conventions Mandate the States Parties to Discuss Science

CONVENTION
ON THE PROHIBITION OF THE DE C

Wwhere

proposal to this cﬂ’ect to the Depositary Governments, a conference of States
Parties to the Convention shall be held at Geneva, Switzerland, to review
the operation of the Convention, with a view to assuring that the purposes
of the preamble and the provisions of the Convention, including the
provisions concerning negotiations on chemical weapons, are being realised.
Such review shall take into account any new scientific and technological
developments relevant to the Convention.
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Treaty Implementation
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Without a Sound Scientific Basis There is No Treaty Implementation!

E. GLOSSARY

MOST TRADED SCHEDULED CHEMICALS 2017
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Without a Sound Scientific Basis There is No Treaty Implementation!
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There is always more to the Story..

Muir et al. Genome Biology (2016) 17:53
DOl 10.1186/513059-016-0917-0

OPI
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The real cost of sequencing: scaling

Genome Biology

@ CrossMark

computation to keep pace with data

generation

Paul Muir'”?, Shantao Li*, Shaoke Lou**, Daifeng Wang™®, Daniel J Spakowicz**, Leonidas Salichos™,

Jing Zhang™®, George M. Weinstock®, Farren Isaacs'”, Joel Rozowsky™* and Mark Gerstein

Abstract

As the cost of sequencing continues to decrease and
the amount of sequence data generated grows, new
paradigms for data storage and analysis are |
increasingly important. The relative scaling behavior of |
these evolving technologies will impact genomics
research moving forward.

History from the 50s to next generation
sequencing

In the 1950s, the contemporaneous development of bio-
polymer sequencing and the digital computer started a
digital revolution in the biosciences. Then in the late
1970s, the advent of the personal computer (PC) and
Sanger sequencing led to an appreciable amount of se-
quence data being generated, stored in databases, and
conceptualized within a computational framework [1-4].
Communal sequence databases were developed in the
1980s [5, 6], but most investigators worked with data of
a scale that allowed transfer to and processing on a local
client. In the 1990s, the rise of the Internet facilitated
increased data sharing, and analysis techniques began
to shift to programs hosted on websites [7]. In the mid-
2000s, the most recent big change occurred with the
advent of cloud computing and next generation se-
quencing (NGS), which led to a dramatic increase in
the scale of datasets (Fig 1) [4, 8]. This necessitated
changes in the storage infrastructure; databases such as
the European Nucleotide Archive [9] and the Sequence
Read Archive (SRA) [10] were created to store and

* Correspondence: mark@gersteinlab.org

“Program in Computational Biology and Bioinformatics, Yale University, New
Haven, CT 06520, USA

*Departrent of Molecular Biophysics and Biochemistry, Yale University, New
Haven, CT 06520, USA

Full list of author information is available at the end of the article
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organize high-throughput sequencing data. The SRA
has grown significantly since its creation in 2007, and it
now contains almost four petabases (4 x 10" bases),
approximately half of which are open access [11]. These
datasets present a challenge because they are too large
for the old sharing and analysis paradigms, but recent
innovations in computational technologies and ap-
proaches, especially the rise of cloud computing, pro-
vide promising avenues for handling the vast amounts
of sequence data being generated.

Organizing principles for biocomputing history
There are a number of key concepts to keep in mind
when considering the coevolution of sequencing and
computing. First is the idea that scientific research and
computing have progressed through a series of discrete
paradigms driven by the technology and conceptual
frameworks available at the time, a notion popularized
by Jim Gray from Microsoft [12]. Gray organized his
views into four paradigms of scientific research. The first
two paradigms are empirical observation and attempts
to identify general theories. Gray's third paradigm de-
scribes the original type of scientific computing, epito-
mized by large supercomputer-based calculations and
modeling, for example, computing a rocket trajectory
from a set of equations. This approach tends to favor differ-
ential equations and linear-algebraic types of computations.
The fourth paradigm is much more data intensive.
Here the “capture, curation, and analysis” of large
amounts of information fuels scientific research [12].
Researchers often try to find patterns in “big data” and
a premium is placed on resource interoperability and
statistical pattern finding. In order to realize fully the
potential of this approach to science, significant invest-
ment must be made both in the computational infrastruc-
ture that supports data processing and sharing and in

© 2016 Muir et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 40
Intemational License (http://creativecommons.org/licenses/by/4.0/), which permiits unrestricted use, distribution, and
feproduction in any medium, provided you give appropriate credit to the original authorts) and the source, provide a link 1o

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
{hitp/fcreativecommons.org/publicdomain/zero/1.0/) applies 1o the data made available in this article, unless otherwise stated.
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Where are the Rapid Advances in Science Happening?
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Where are the Rapid Advances in Science Happening?

Patent Application by origin 2017
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Where are the Rapid Advances in Science Happening?
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OECD Science, Technc;logy ances in Science Happening?

and Innovation Outlook 2018
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Commercial/Private Sector Driving Forces are Significant

\YOLE &

y Développement

CRISPR technology: global market forecasts from 2017 to 2023

(Source: CRISPR Technology & Market Overview: from Lab to Industry 2018 report, Yole Développement, October 2018)
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Commercial/Private Sector Driving Forces are Significant
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Commercial/Private Sector Driving Forces are Significant
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CRISPR enters its first human
clinical trials

The gene editor targets cancer, blood disorders and blindness
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CUTTING ROOM Scientists will soon wield the molecular scissors CRISPR/Cas9 in the human body. Some people with a form of inherited blindness will have the

gene editor injected into their eyes, where researchers hope it will snip out a mutation. Two other trials are CRISPR editing cells outside of the body to treat cancer
or blood disorders.
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clinical trials

The gene editor targets cancer, blood disorders and blindness
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Technological Change is More Than (Bio)Chemistry

Most important technologies by 2022
Emerging Technologies?
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(small molecules)

ZINC (virtual

small molecules)

(virtual ‘chemical universe’)

GDB-17

nature B

Nature 2017, 549, 445-447
DOI: 10.1038/549445a
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How to explore chemical space using
algorithms and automation

Piotr 5. Gromski, Alon B. Henson, Jarostaw M. Granda & Len

wnload Citation &

Na v 3, 119-128 (2019)

Abstract

Although extending the reactivity of a given class of molecules is
relatively straightforward, the discovery of genuinely new reactivity and
the molecules that result is a wholly more challenging problem. If new
reactions can be considered unpredictable using current chemical
knowledge, then we suggest that they are not merely new but also
novel. Such a classification, however, requires an expert judge to have
access to all current chemical knowledge or risks a lack of information
being interpreted as unpredictability. Here, we describe how searching
chemical space using automation and algorithms improves the
probability of discovery. The former enables routine chemical tasks to
be performed more quickly and consistently, while the latter uses
algorithms to facilitate the searching of chemical knowledge databases.
Experimental systems can also be developed to discover novel
molecules, reactions and mechanisms by augmenting the intuition of
the human expert. In order to find new chemical laws, we must seek to
question current assumptions and biases. Accomplishing that involves
using two areas of algorithmic approaches: algorithms to perform
searches, and more general machine learning and statistical modelling
algorithms to predict the chemistry under investigation. We propose
that such a chemical intelligence approach is already being used and
that, in the not-too-distant future, the automated chemical reactor
systems controlled by these algorithms and monitored by a sensor
array will be capable of navigating and searching chemical space more
quickly, efficiently and, importantly, without bias. This approach
promises to vield not only new molecules but also unpredictable and

thus novel reactivity.
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Searching chemical space

Chembcal space can be searched for specific
muolecudes or specific goals such as optimized
yield or a biodogical function. This search
can be performed through two different
avenies: theoretical and experimental
Theoretical searches are an Important use
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Central Nervous System (CNS)-Actmg Chemicals

uz-adrenerglc receptor agonist examples

Dexmedetomidine

Mechanism of action:

L fthea2.

Presynaptic
release pi i fth itter 9 el
inegative feedback)

+ Postsynaptic sctivation of the a' P
+ inhibiting This reults in decressad blood pres
sure and heartrate.

+ Produces analgesic, sedstive, and ariolytic effects.

by Sofia Sola Sancho,

Maria Hemme and Ayah wafi

Office of the Science Policy Advisor

Toxic chemicals that target the central nervous system (CNS). These chemicals can act as anaesthetics, sedatives,
and analgesics. Specific CNS-acting chemicals discussed in the context of the Chemical Weapons Convention have
included a2-adrenergic receptor agonists, inhaled anaesthetics, fentanils and the Schedule 2A.03* chemical BZ.

Fentanils

! « Fentanils are a highly potent family of oplokd narcotic analgesi: drugs.

« The family Includes fentanyl, a narcotic linked to an Increasad risk of overdose amongst oplokd addicts.

» Asof May 2013, there were 20 fent
Properties

anil dervatives schedulad under the Sing ke Convention on Narcotk: Drugs

+ Rntny and Its analkgues

Decreazed intestindl paristalsis  (constipar

L i A - - . B have highar potsncy than mer-
. O fonal exposure 10ER) 5 bexpor 1pof?. + Fentanyl and itz analogues are zolids that require serosclizaticn for weaponization = phing andharein.
- purposes. + Foor drg dosags, pol-drug
@ 3nd addiction are Al con-
L‘, N — + Routes of exposure for fentarils include inhalation (sercsolized fom), oral exposure bt 1 the Ngh r2es of
. ge N ) C] -
Clonidine [ \L ) o« ingestion. Transdermal abzception is possble ffor exsmple, the wse of tansdemal Ry Tepatory” depes )
i 108 ) R petches), however a5 the process is dow, such that brief incidental expozures may not
Mechanism of action: causse significant oplold kit
+ Reduces release of norsdrenaline at both central and perphera Femtat it e—— aesmne e i
sympathetic nerve terminals. o \/\ B,
+ Produces dose-relstad sedstion, anskgesia and aruiclyzis. MAChEston o S o¥ D MEmANK 308 CROKIRe: — =i : |
+ A rechiction in the effective dose of other anaesthetic agents m: y ) - ~ x '
and opioids b also observed. (o Shod NNy =)
+ Ly {rat inkl: 19.7 mg/m4 Hours totecne — ies
w' S e U e &
+ LD, lrativ}: 9 mg
(rat il 2 makg \/\ 8 @
— e et [ 1 1
' ha' d th “ Mechanism of action: ; -
nhaied anaesiunetc exampies P I T L)
+ I the CNS, fentanils bind to cpicid =
S ot et [~ [ [ ]
receptors, specifically prreceptors. : - =
Mechanism of action: These receptors are found predoen- ot - ) )
e 5 o o ; inantly in the beain and spinal cord | puudste vyt 3 A | —a
B chiorkic o e a ki + They act to depress CNS function =
Fikiscreson ot e ; Halothane et 8 ! ,
+ Bicswilblity from inhslation ex-
s 5 g c posire can range from 12-100%. — J . ! ! |
! T
[om— '\\ F a—— 1 Y } y
eell % A\ v
» i 2 ~ :
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Proteln  Dota Bank  Stncture  40KL !
poriaione Sevoflurane Eeed T e LR :
a— — . Effects: -
5. , Antidotes: Naloxone hydrochloride (Narcan) or Naltrexone :
oy + Lozs of pain sensation 7
v o : KXY . Opiidreceptor antagonists ‘
o’ + Miods ! iy e
T . % + Bind to the opicid receptors more stiongly than s fentanyl derivative, but da not sc-
/\ 3
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Nawsea and vomiting
+ Doze-dependent
{which can leod to death]

Diminished mental dlestoass relting in
a feeling of drowsiness, euphoria, skespi-

respiratory  depression

tivate the receptor.
« Quickly reverse
son
+ Short halfife, symptome may return in an apparently stabilized patient and antidotes
rmight nesd to be resdmiristered
+ 04 mgisthe standard starting d some fentaryl derivatives doses up to 2
g have been required

signs and symptorms, especidlly lif-threstening rezpimtary depres-
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BZ (3-quinuclidinyl benzilate)

BZ is a gheolste anticholinergc compound and iz a  caly
“CNS-acting  chemical  found in  the Annex  of  Chemicals
of the Chemical Wespons Comvention (Schedule 28037
Properties

+ Odourless crystalline powder with bitter taste
+ Persistentin soil and water and on meet surfoces.

+ Halfife in moist air ~ 34 wesks A

Antidote: Physostigmine

+ Temporrily mizes i by

binding reversibly to anticholinesterase

Safety Ratio of BZ

The large difference between the median
lethal concentration (LG} and the medisn

[T ———

e incapacitating concentration G, allows for
s the onset of CNS-acting symptoms to appesr
at a dossge much lower than a lethal dose.

Dose in [mg.min/m?]

Mechanism of action: Presynaptic

+ Acts 2 a competitive inhibitor of the neurobrans-
mitter acetykholine (ACh) n postsymaptic ACh re-
ceptos.

« As the concentration of BZ at these sites increases,

the proportion of receptors available for binding to

heline decreases, resulting in an understim-
ulationcfnerve signal transduction

+ When administered by inhalaticn (in ssrosolised
forrm), shzomption to the bloadstream is more pro-
nouncedthan with ceal administration.

CNS effects:

« Stpoq atadia, confusion, and confabulstion. In- ORI
duces concrete and pancramic illusicns and halk-
cinaticns

Peripheral effacts:
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READY TO BE DEPLOYED
NOW

Virtual assistants (natural Datascience-based
( i language based)

maintenance

Blockchain-based supply chain
track & trace

Al-based pricing engines

—  Mmarketing administration

Robotic process automation in

Al-based augmentation of
o0 administration

control room operators

0
0.0
&
L]
Al-based next best actions in & Virtual assistant-based internal
o=

Al-based experiment prediction

. ...and so much more...
& evaluation










I POWERING ON-DEMAND

I DISCOVERY BIOLOGY

r

BIOLOGY RESEARCH

The Transcriptic Common Lab Envirenment (TCLE) coordinates scientific

processes, instruments, and robotics to create a programmatically

addressable lab environment that enables unparalleled scale, efficiency, and

accuracy for the discovery process.

ACCELERATING DRUG DISCOVERY AND SYNTHETIC
J

I https://www.transcriptic.com/
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International Obligations and Member State Compliance

= Treaty = Agreement between states

= National Compliance = laws and

regulations
= States Parties must establish a “National Authority”
= National legislation
= Criminal laws, trade monitoring, reporting and
enforcement




International Obligations and Member State Compliance

= Treaty = Agreement between states

The Swiss
National
Authority

The Presidency: FDFA



Bioeconomy Policies around the World &

@ bioeconomy-related strategy
@ be-related strategy; dedicated be-strategy
IS under 0e\elopmem
dedicated be-strategy is under development




We Cannot Affc 6dto Fear Science!
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Chemical weapons being used

2 Nonpharma business rules U - "

x InformEx show P.24 SRS
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CHEMICAL WARFARE @ NERVE AGENTS |E

PA RT TWU . 'I'H E V S ERI Es THE V SERIES NERVE AGENTS ARE HIGHLY TOXIC CHEMICAL WARFARE AGENTS. THE W STANDS FOR 'VENOMOUS'. THEY WERE DISCOVERED IN THE
. UK IN THE 1950s, AND LATER VX WAS DEVELOPED FOR MILITARY USE BY THE UNITED STATES NEVER BEEN USED IN WARFARE.

NG,

- SMELL & APPEARANCE . DISCOVERY : USAGE & FATALITIES : LETHALITY

1952-1955 : i s 22 i
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All of this Advanced Science and... it
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A new technigue developed at MIT can
edit DNA in precise locations.

Graphic: Christine Daniloff/iMol

Editing the genome with high precision
. New method allows scientists to insert multiple genes in specific locations, delete
defective genes.

Anne Trafton, MIT News Office
January 3, 2013

PRESS MENTIONS




The National Academies of

A New Gene Editing Tool Could Make
CRISPR More Precise

Prime editing offers a new way to make changes to DNA while
avoiding some of the drawbacks and clunkiness of traditional
CRISPR

Unlike classic CRISPR-based editing, which fully cleaves DNA in two, prime editing starts with a cut to only
one strand of the double helix. (Perception7 / iStock)

By Lila Thulin
SMITHSONIAN.COM
OCTOBER 21, 2019

A new technique developed at MIT can
edit DNA in precise locations.

Graphic: Christine Daniloff/iMol

h precision

ble genes in specific locations, delete
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Uncertainty...

What are the capabilities (independent of
technology) we need?

What Scenarios Do We Need to be Prepared for?
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“The signs are that the bombs were made with the windows open
but the net curtains taped to the walls to avoid being seen. The

fumes had killed off the tops of plants just outside the windows”
- Report of the Official Account of the Bombings in London on 7th July 2005
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yDe’veloppement )

Timeline of wearables: a little bit of history
(Source: Medical Wearables: Market and Technology Trends 2019 report, Yole Développement, March 2019)
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New technology gives equy warning of
exposure to disease-causing pathogens

The enabling algorithm uses non-invasive physiological
data to predict the probability of viral or bacterial
exposures.

& LINCOLN LABORATORY

21 MASSACHUSETTS INSTITUTE OF TECHNOLOGY

DECEMBER 5, 2017 | Dorothy Ryan | Communications & Community Outreach Office
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y Développement
L]
Medical wearables and sensors:
°
(]
2018 - 2024 market forecast (in BS)
(Source: Medical Wearables: Market and Technology Trends 2019 report, Yole Développement, March 2019)
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Digitization transforms the Chemical Industry ¢

rapidly across its entire horizontal value

chain

M oré effici

Engineering/
R&D 4.0:

Integrated lean
SYstem. moeces

Big-data/ End to end Process

advanced supply chain automation:
analytics in integration: reabime ot
DPEX"I’ '-'::..'.":‘.'!:"!":'
CapEx:

Digital Predictive Digital Risk
procurement maintenance manufacturing management
tDD'S:;-:-::: Advanced anaytics-based Production automation b Advanded analfucs-oased nas

ent traC
Non-pro

Digitization
of customer
experience:

New roads to
market: L

Commercial
engines. ..

&JHH

PLUS: new, radically different business models




A Practical View of Science and Technology is Needed

expectations
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Periodic Table of States Parties to the Chemical Weapons Convention

) In Honour of the International Year of the Periodic Table of Chemical Elements 2019
SE
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2
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Periodic Table of States Parties to the Chemical Weapons Convention
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Scientific and Technological Change

Uncertainty is the challenge!

Technological change Is inevitable

We Need Innovative ideas, approaches and policies
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