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LANL contributions to biological science span decades
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National Security Life Sciences (NSLS) — Develop enduring
capabilities to solve grand challenges in the biosciences
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LANL Lab Agenda maps our evolving mission

Nuclear

Deterrent

* Four Strategic Objectives direct the

Laboratory
— Nuclear deterrent, threat reduction, technical

Pit Production

i ized rate ion of pits
leveraging the nation's Plutonium Center of
Excellence (Pu CoE) to support deterrence.

Threat Technical

Critical Outcomes

Trustworthy
Reduction Leadership Operations

Non-Nuclear Production

Develop targeted non-nuclear production
capabilities to address gaps in the national
Nuclear Security Enterprise (NSE).

leadership, and trustworthy operations
 The Agenda positions us to execute

Computational Breakthroughs
Research, develop, and routinely apply
world-leading computational methods,

icati and ies to

solve Los Alamos’ most computationally
challenging science and security problems.

o

O
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on 13 Critical Outcomes in 5-10 years

* Purpose is to integrate functions and

o
O

Experimental Advances

Advance LANL's experimental characterization
tools in conjunction with our computational
advances to underwrite stockpile assessment

without the need for a nuclear test.

maximize effectiveness across LANL

- Agenda provides a framework for the
decision-making that occurs at all levels

Technology Modernization

Optimize and apply advanced technologies to
enable modernization of the deterrent and its
nuclear warheads.

Q Leadership

 Every employee has a role in
executing this plan

learning oppo

Assert LANL leadership in the National
Quantum Initiative; enable emergent scientific
and national security needs by advancing
quantum-relevant capabilities in materials,
algorithms, simulation, and devices.

Biosecurity Preparedness

Enable national preparedness and response to
infectious diseases and biosecurity threats by
harnessing life sciences along with other
innavative scientific approaches.

Operational Capacity

Meet the capacity requirements necessary to
perform current and future mission.

C O o
A O
Integrated Deterrence
develop, and
ities to solve gaps. C O
) )
Threat Response L 0, 0,
Develop methodologies and tools, drawing on
unique weapons capabilities, that influence
i gles, next
generation arms control regimes, and technical [t " O O
solutions for counterterrorism,
counterproliferation, and emergency response.
Climate & Clean Energy
Enable regional and national achi of O O
2030/2050 climate and clean energy objectives
through scientific, technological, and
partnership innovations that build on
established LANL capabilities. C ) )
N/ N/
Culture Enhancements ._C O O
Champion enhancements to our work
environment that support inclusive staff
engagement, respectful behaviors, and
ities that are the i C O O
for safe, secure, compliant, and quality ~ had

performance of our missions.

%@ Los Alamos

NATIONAL LABORATORY

Force for Good

Be recognized as a force for good by Northern
New Mexico communities and trusted by

stakeholders to perform missions with

minimal operational issues.
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Many Lab Divisions work in NSLS

Laboratory Director
Thomas Mason

Total estimated budget ~$150M

Deputy Director Science, Technology, and Engineering
John Sarrao

Deputy Director Weapons
Robert Webster

ALD, Global Security
Nancy Jo Nicholas

ALD, Chemical, Earth &
Life Sciences
J. Patrick Fitch

B Division 65M

A Division 5
Keith Bradley

M
ISR Division 5M

ong-Geller

EES Division
Andrew Wolfsberg 50M
C Division
T. Mark McClesky 5M

Herb Funsten

NEN Division
Mary Hockaday

ALD, Weapons Physics
Charlie Nakhleh

ALD, Weapons Engineering
James Owen

ALD, Simulation &
Computation
Irene Qualters

ALD, Physical Sciences
Antoinette Taylor

CCS Division
Edward Dendy

AOT Division

Stephen Milton ndrew Dattelbaum

L MPA Division

T Division 5M MST Division P Division
Marianne Francois Ellen Cerreta Tanja Pietrass
HPC Division Sigma Division
Gary Grider Jon Bridgewater

WRS Division E Division J Division
Carla Breiner Jay Carnes Charles Mielke
XCP Division M Division PF Division
Mark Schraad Eric Brown Kevin Saeger
XTD Division Q Division W Division
Brian Lansrud-Lopez Robert Bishop Don. Quintana

ALD, Weapons
Production
Dave Evler

Actinide Operations Director
Frank Gibbs

Non-Nuc Production Office
Patrick Garcia
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Sponsor base and LANL resources

Funding Profile

Science Program Offices

eApplied Energy — EERE, Fossil Energy
eOffice of Science — BER

Global Security
e|ntelligence and Emerging Threats — IC
eNuclear Non-proliferation - DOS
eNational Security and Defense —
DTRA, DHS

Feynman Center for Innovation
*HHS — NIH
*Business Development, CRADAs

Laboratory Directed Research and
Development (LDRD)

People ~300 staff
Scientists
Technologists
Post-docs

Students

Center for Space and Earth Sciences
Center for Non-linear Studies

Partnerships

National Labs —NNSA and Office of Science

Academia
Industry

Los Alamos
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The four National Security Life Sciences (NSLS)
Grand Challenges

JIIIIIIIIIII

o PREPARING FOR THE NEXT PANDEMIC
*EPIDEMIOLOGICAL MODELING
*GLOBAL BIOSURVEILLANCE
*DATA INTEGRATION AND RISk COMMUNICATION

BUILDING OUR BIOSECURITY FUTURE
*BIOTHREAT IMPACT TO HUMANS
*DIAGNOSTICS AND COUNTERMEASURES
*CLASSIFIED ANALYSES

GROWING A ROBUST BIOECONOMY
*RENEWABLE BIOENERGY AND BIOFUELS
*BIOMANUFACTURING
*ALGAL BIOTECHNOLOGY

°© O =«

B CLIMATE CHANGE, ENVIRONMENT AND HUMAN HEALTH

- 8y Biosecurity Preparedness *CLIMATE IMPACTS AND NATIONAL SECURITY
regional and national achievement of |

203072050 climate and clean energy objectives Enable astional preparedness and response to *ECOLOGICAL HEALTH SECURITY

through scientific, technological, and infectious diseases and biosecurity threats by
partnership innovations that build on harnessing life sciences along with other *FOOD SECURITY
established LANL capabilities. innovative scientific approaches.
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Host- Bio-
Pathogen informatcs

Synthetic
Biology

Data
Analytics

Information
Sciences

Global
Security

Bioenergy

Public

Health

LANL capabilities that contribute to NSLS mission
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< ® Preparing for the Next Pandemic
N @

I

ﬁ,‘o‘ & FORECASTING CENTER

2\
%2{ ] GLOBAL DISEASE MODELING

LANL COVID-19 R&D Response

Multi-scale modeling to provide decision support:

DOE National Virtual B'Otec_hn°|°gy Labor-atory evaluate forecasts, potential actions, and specific scenarios.
(NVBL) — one stop shop to bring all DOE National
Labs capabilities to bear on COVID-19 response R— MODELING
and mltlgatlon * Situational assessment Forecasts up to 6 weeks ,,
. " « Scenarios / options H » Statistical approach re 3
L ANL SpeCIaI Office for COVID-19 R&D * Metrics evaluations Publicly available
. * Confidence assessment *  OQOriginall lidated with
-LDRD Rapid Response call ~$2.5M for 17 R&D flonga o
projects
Simulation of different scenarios
. Data e M ti ired
» Support to Operations feeds our R&D: :gﬁ:;f’,i/'.?ly o - ' Dez:z::dmfn;t: QESn;er?slre&
- Epidemiological modeling - LANL, NM state, * Assumptions ) TW‘}:?Q?;%T;Z:;% ¢
* Model performance - .
FEMA, HHS, NA-43, DoD P medium-grained model L —
- Laboratory testing - CLIA Lab, NVBL, National — EPICaSEMgSHbased —

Task Force (CDC, DoD)
- M facturing — tilat i e ]
anufacturing — ventilator design T P | - /p\

- Medical Countermeasures — therapeutics and / Nl /A / E
countermeasure design and synthesis ! i 8

School re-opening
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< Global biosurveillance pipeline

=3 SRA ~3.1M*
N ® 8 Genbank ~4.2M*
Im*
g Genomes ECAID
Samples - i1 Raw reads
» Wastewater : . S = = As
. Clinical Diagnostic lab Sequencing lab Data Repositories
« Air filters *As of 3/2/22
+ Zoonotic (wild, domestic)
‘;9\
DeCiSion Su pport .{1@%@ &’RD COVID-I? Genome Aﬁa‘ytics
o ot e, ————
Organization
. . <
""Zv"”//' 2M funding for developing SARS- -
,,,//// CoV-2 sequence analysis pipelines LDRD Director’s EDGE
i to ensure high-quality data quality Initiative: T |
, o Scalable digital H e bl ony i ingcase,
: What Organlsms are CO-OCCUlTIng In the SampIeS? b|osu rvei”a nce to ) EDGE COVID-19 \ Assay Validation Case Counts and Genomic Data
* What lineages are they (like SARS variants of i NEL Cp— — -
Concem)? advance pandemlc https://covid19.edgebioinformatics.org/#/home
« Do they harbor mutations of interest or antibiotic science and ' o
resistance genes? preparedness Analytic Capabilities
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¢ * @ Building our Biosecurity Future

@

~%)

A
DORD
RESEARCH & DEVELOPMENT

Digital biosecurity — a new threat at the intersection of biosecurity and cybersecurity
Security of vaccine manufacturing process * Process is not linear, with hundreds of
inputs and outputs
Lipid - Vehicleand Lot Quality Packaging, Transport,
MRNA Synthesis Cc2PUsiation  stabilizers Control Galtel Gl * Develop ontology of entire vaccine
u u u u manufacturing process from inputs to
o N _, ' outputs of each step
= eConsequences of failure in each node
e Safeguarding Integrity of Sequence Read Archive (SRA)
g .. ePassive biosurveillance
2 e L . G . “« 1
2 oo A eConvert individual SRA records into much smaller “thumbnail
E o Rt > sketches using Bloom filters
2 ioeos NS < +
oo H Goal is 100-fold size reduction (15 PB > 150 TB)
1.0E+06 P
10h025/18/32 8/11/87 1/31/93 7/24/98 1/14/04 7/6/09 12/27/14 6/1;;;
Los Alamos
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' Next generation countermeasure design

Generative . Select . Desi
Computationall Targeted - ; Safety, Efficacy, PK/PD - esign
Unconstrained ”re-tgrget” exis’zling Antigens ?:r:k;?;\; » Manufacturability Criteria
. Retargeted,
Ir!telllg!ent Drug S reraes % \ optimized
Englneerlng (GU'DE) address variants, Il Machine? Learning and . antibody
lated species Generative Antibody Design \ i
re ’ \H/
and engineered [
threats. Synthesis E.xpression
Assays/ Experimental data
Rapid Assessment of ot =4 I@: el . : O
Platform Technologies Develop processes that VSV(:eItaG Nucleic acids | Adenovirus NLP oMV conjugates Nanosponge
. afaa J
to Expedite Response predict the compatibility of v — .
(RAPTER) vaccine platforms with a . V e
pathogen in order to rapidly ﬁ“f - : PR
. . [} omv 70%
combat any biological threat - — %

|

SARS-CoV-2

EBOV

Representative viruses

@
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Sample

TEI-REX -Targeted
Evaluation of lonizing
Radiation Exposure

Collection , /

Sample Analysis

(€

g

==l

e
e

Molecular
Change

Approaches to identify
radiological activities
and/or exposures in
people and the
environment

IARPA

AN

7(@? HEROS - Human
7 exposure of radiation
HEROS  Using organ systems
[ Model Integration ]
External radiation ' =5 ware ],
Cells @ = o k*
Tissues [ Biomarker Discovery ]
& Toxicology

&) Internal radioactive

particulate exposure

Actionable strategies for measuring low-
dose human radiation exposure and

identifying real risks of accidents and
incidents

€
fORD

LABORATORY DIRECTED
RESEARCH & DEVELOPMENT
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® Enabling technologies - Data analytics

)

Trinity supercomputer
(>900,000 cores)

EB’XX"PUTAHONAL
HEMISTRY -~

First billion atom
simulation - entire
gene locus GATA4
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National Cancer Institute
collaboration with DOE

Analytics of health datasets
from Veterans Affairs

Development of algorithms and
informatics tools for scalable, and
cost-effective national cancer
surveillance program

€
foRD

LABORATORY DIRECTED
RESEARCH & DEVELOPMENT

A deeper understanding of
disease and promise for
better outcomes using data
science
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Moving towards a
circular bioeconomy

— - 5 —>

Drill for petroleum Chemical plant Traditional plastic Landfill

? Building blocks
72

ZI Bacteria

Algae | © =
/f ; Plant Bioplastic

= Degradation and
nutrient extraction
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Pharma
A

5

Biosecurity &
Public Health

" Food/Feed

Polymers

Food

Security Materials

Biological Systems

® Growing a Robust Bioeconomy

Energy Security

Advanced Algae Systems:
Algae as a bio-feedstock for
fuels and bioproducts;
molecular tools to improve
growth and productivity

Conversion: Technologies for
conversion into biofuels,
bioproducts, and biopower

Advanced Development and
Optimization: Integrating
individual technologies into a
system/process

March 9, 2022 15
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GChemCatBiO 6% BIOPROCESSING
SEPARATIONS

®

BETO Bioenergy Consortia
Annual Operating Plan Program

®

Co-Optimization of
Fuels & Engines

Agile
BioFoundry

bbottle
DISC<*VR CfCiC

FEEDSTOCK- CONVERSION
INTERFACE CONSORTIUM

CONSORTIUM

AOPs

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

QENERGY TECHNOLOGIES OFFICy

Los Alamos
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® Programs at LANL that advance the bioeconomy

; L Optimizing algae

o
Foundry Sand %
Binding Resin &297

‘ Furfural
-

Industrial
Solvents

&

Fugr};i

W -

6‘@:}& épccialty

Intermediate

4 \Cydopemene
| ——
y

(f:§ Chemicals

Aviation
Fuel

o

A growth for biofuels
4 and bioproduct
development

Develop alternative
route to produce JP-
10 from biomass at
or below current
costs from petroleum
feedstocks

March 9, 2022 16



« . « The role of the soil microbiome in food and climate

nS |
i ® N 7 ,
X 7 Understanding

and quantifying
bacterial:fungal
relationships

C

HO_/ ,
QIC’/ 2oH §

Bioimaging
Data Analysis

0 e
Multi-omic and V\ ,- /

Data Integration
and Modeling
Biological Networks

Ny
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Two DOE Office of Science BER Science Focus Areas (SFAs)
*Soil Metagenomics and Microbial Carbon Cycling in Terrestrial Ecosystems
eBacterial:Fungal Interactions and Their Role in Soil Functioning

ﬂ)od security:

Evolving the soil microbiome to
enhance plant growth

Fieldwork L N4
nmdc Gen2: hh
National Microbiome *

Data Collaborative pe
G\ Gen n:
K’-. RD ' W

Microcosm Greenhouse

N

J)
‘e

An initiative to empower the research
community to harness microbiome data
exploration and discovery through a
collaborative integrative data science
ecosystem.




Q ¢« O Climate change, environment and human health
" @

Climate impacts and national security

MOSAIC Campaign - Multidisciplinary Drifting
Observatory for the Study of Arctic Climate

roce. W W
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E3SM: Energy Exascale Earth System Model

Computationally advanced coupled model, that
bridges weather to climate temporal projections,
at spatial scales relevant to national security
needs.

This simulation from E3SM represents how sea surface
temperature changes evolve as a hurricane moves across
the Atlantic
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2011 Las Conchas fire in NM

Los Alamos
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Spherical carbonaceous
particles called tar balls were
10 times more abundant than
soot.

This data can better inform
current computer climate
models.

Impacts of climate on fire and infectious disease

Climate-driven infectious disease modeling

Data-model fusion product across multiple political and grid spatial scales
and through time (daily/weekly)

oo
% N
, Climate/ :
Hydrology Vegetation Weather Mosquito

.
i
Land Use/ Socio-
Economics

Infrastructure

47| Ocoupancy Epiwe
00

L
47 Detection Epiweek 30, 2017

West Nile virus
detection
probability in the
Toronto area

Probability of detection, week 30 Occupancy probability, week 30 March 9. 2022 19



Scientific challenges

1) Making sense of ‘big data’ in complex systems —
 Volume — Social media, genomic sequences

« Variety - Multiscale data, heterogeneous data streams

* Velocity - Computational infrastructure, hardware architecture

2) Understanding co-evolution in complex adaptive systems-
Antibiotic resistance, climate change and human health, in vitro organ platforms — understanding the individual parts and
co-evolving interdependencies

3) Translating science into decision support and informed policy
Performing the science that leads to signature development or pattern recognition for prediction of complex system
behaviors — provide situational awareness to stakeholders

4) Establishing permanent frameworks for key enduring assets
Proposals for Centers for Global Forecasting, Exascale Biology, Pandemic Response, etc. to grow R&D capabilities and
maintain a national resource for crisis preparedness and response, particularly between times of emergency

5) Bio is not well structured within the government. Multiple stove-piped “owners”: Opportunities exist now to engage

in the solution.
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More fodder for discussion

e\What are the big problems that National Labs
should tackle in the biosciences?

@ln ) \Q:\\
¢ pets’ - \BR T Ao IM"‘UGG . .
National Virtual wﬂw““i e eHow do you perform effective decadal planning

o) Lo gececalf AL o for bioscience research?

Emerging Focus Areas: 5 QD

« Digital Biosecurity

« Operational & Decision Support

« Remote Sensing

* Microbiology based
environmental “remediation”

» Improved Feedstock Conversion

« Flexible frameworks for regionally o8 &
) 2N
scaled earth system model iiyg | e

predictions

GLOBAL GAPS

"Q Los Alamos
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