/\‘ﬂ BERKELEY LAB

Bringing Science Solutions to the World

U.S. DEPARTMENT OF

ENERGY

. UNIVERSITY

= CALIFORNIA



U.S. DEPARTMENT OF

/\lﬂ BERKELEY LAB .Y/ ENERGY

Bringing Science Solutions to the World




History of LBNL Support during National Emergencies

Ebola

Deepwater Horizon

Aliso Canyon

Artist’s rendition of the TPC1 structure (blue)
bound to the drug molecule, trans-Ned-19
(yellow). Ebola viruses that co-opt TPC1 during
infection are depicted in green. Courtesy of
Janet lwasa (onemicron.com).

Covid-19 Research at Berkeley Lab



Quick Research Response to COVID-19 Pandemic
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Current Berkeley Lab COVID-19 Efforts

« Received about $10M funding from DOE through

CARES ACT
Three projects funded
Funding for user facilities (JGI, ALS, NERSC) ﬁENERGY NERSC JGIX
« Ongoing work at ALS, ABPDU, and Molecular Foundry
+ Berkeley Lab COVID-19 LDRD Funding FY20 (6 projects) as'h et asleo
« ECP (Exascale Computing Project) authorized rescope ~
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« Berkeley Lab Automated Diagnostics Extension (BLADE)
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Aerosol and Indoor Air Quality Science to Strengthen
Understanding of Airborne Disease Transmission

» This project aims to improve our understanding of mechanisms that impact the risk of
airborne disease transmission in indoor spaces, focusing on transport and fate of respiratory
aerosols

* Numerical models are used to estimate risks in
varied scenarios defined by space and
occupancy type and mitigations employed

« Experiments in Berkeley Lab’s FLEXLAB testbed elucidate impacts of mechanically-induced
airflows, room configurations, barriers including masks, filtration, and other controls

Simulated ejections of respiratory fluids from talking and coughing are tracked to quantity
near-field exposures
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ACTS: Accelerating COVID-19 Testing

through Screening

Scientific Achievement

Automated screening of thoracic scans (3-D
computed tomography) of patients with COVID-19 —
detection of lung lesions predicted using graph-based
segmentation and deep learning.

Covid-19 Research at Berkeley Lab

LDRD - P.I. Ushizima

Significance and Impact

Lung lesions are key pathological findings for
characterizing and assessing of COVID-19,
associated with acute respiratory distress
syndrome. This new mathematical model helps
us automatically extract lungs (B) from thoracic
CT scans (A), and delimitates regions of lesion
(C) for future exploration of structures, such as
consolidations and other pathological signatures.

(A): Slice of 3-D computed tomography;
(B): Graph-based lung segmentation (unsupervised);
(C): Mixed-scale densenet lesion prediction (supervised).




KG-COVID-19 Knowledge Graph for COVID-19

Response
orugs  Genes (ruman- coranay w ot (man- coanay -
Goal 202 0@00.::0 == zmo eoeee
+ Use Machine Learning (ML) to make useful oo onfo ==
COVID related predictions "o O gt
— e.g. drug repositioning nr::i:g sesso
Challenge g g
e 2.0 Apply classifiers

 Datais siloed
 Traditional ML methods don’t take into

account interconnectedness Actionable knowledge:

e« COVID-19 drug candidates

Approach e susceptibility genes
* Create a COVID-19 Knowledge Graph (KG) Project URL / GitHub Repository:
o Deve|op graph embeddings https://github.com/Knowledge-Graph-Hub/kg-covid-19
« Produce actionable knowledge Berkeley Lab Team

Chris Mungall, Marcin Joachimiak, Deepak Unni, Justin Reese
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https://github.com/Knowledge-Graph-Hub/kg-covid-19

Microenvironments of SARS-CoV-2 in droplets — mass
spectrometry and imaging with high power lasers

I :’v\’;;ev'izzp'ets Droplet laser Schematic of SARS-CoV-2,
example of bio-mass spectra and
laser-plasma based imaging

Laser induced
droplet explosion

LPA X-ray imaging
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electron beam P .

. and diagnostics vs fragments (green)
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Berkeley Lab Team
T. Schenkel, J. van Tilborg, C. Geddes, E.
Esarey, et al., Accelerator Technology &

S = Applied Physics Division
% %‘ : 100 —
f&d S¢ x10 A. Snijders, E. Blakely, J. H. Mao, B.

Simmons, et al., Biological Systems and
Engineering Division
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COVIDScholar: Accelerating Research with NLP
Knowledge Discovery

Natural Language Processing Search Syntax +("spike protein" "(S) protein” S protein”) +ACE2 +"COVID-19"
(N LP) for textual an a|ysis of 57 matches Sorting by Relevance +boost(COVID-19) »
H 1 Filter by Date Published
resea rCh pa pe rs can al d In Direct ACE2- Spike RBD Binding Disruption with Small Molecules: A Strategy for COVID-19
suggesting promising research st month ’ Treatment
Mihael Polymeropoulos, Christos Polymeropoulos, Vasilios Polymeropoulos, Sandra Smieszek -
directions. Spedific to COVID-19 chemrxiv, 05/26/2020
yes (56) .
. Automated pipeline for e Reviewed veal Spik protaine The molec
collection and analysis of ves (26 e
resea rCh pa pe rs Document Type acting B2 adrenoreceptor agol ’\
paper (56) cell, thymic t cells -
° N LP tOOIS for knowledge clinical_trial (1) Search within related articles w
discovery Tag \
[restment l Computational analysis on thd
. .oV-2
To Date: Released literature camar, 4
search engine with Al filtering for storys :
. : gl 41,000 unique users per week
..(x. CoviDScholar .0rg especially relevant research. w2 i

Covid-19 Research at Berkeley Lab 11




COVIDScholar: Accelerating Research with NLP
Knowledge Discovery

COVIDScholar Embedding Projector

Ongoing Work: i) (i) (B s

Building tools that leverage unsupervised NLP to identify ‘. =t e

potential targets for therapies and other factors that contribute o ’ BT TP

to disease dynamics. e come wevom ot e S

- Intuitive 3D navigation interface to explore machine-learned p—— e T
relationships between proteins, genes, symptoms, and - o= ¢ = wt v
compounds Data Collection:

- Execute literature searches based on embedding 80,000 papers, clinical trials, patents, ...
subspaces - 28,000 papers on COVID-19

- Linking embeddings with KG-COVID knowledge graph - 50,000 on related subjects
project at LBNL - SARS, MERS, pandemic

responses, immunology, etc
:E. CovipScholar .org - Adding ~1500 new papers per week
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Deconvolving direct and indirect effects of climate

variables on COVID-19 seasonality

Challenge: Environmental factors like temperature, humidity
and UV can directly and indirectly influence COVID-19
transmission and infection — will there be seasonal
re-occurrence and can we predict it?

Approach: Integration of county level climate, epidemiology,

behavior (smartphone mobility), demographics with advanced
Machine Learning.

Outcome: Mechanistic connection between climate and
disease transmission to improve predictive models and public
health planning

Data sources: New York Times, CDC, Bin Yu (UCB
Statistics), ECMWEF, SafeGraph, Open Census Data, Google
Earth Engine
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Deaths per 1.0e+05 county residents, up to 2020-04-01

Berkeley Lab Team
Pl: Eoin Brodie. Co-Pls James (Ben) Brown, Nicola Falco,
Dan Feldman, Zhao Hao, Chaincy Kuo, Haruko Wainwright
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Deaths Per 1 x 10° Population
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« Berkeley Lab is participating in a broad national effort to fight the pandemic
« The national user facilities at Berkeley Lab play an important role in this fight

 Researchers at Berkeley Lab have proposed innovative.ideas that help us
understand the virus, its propagation, and its impact

» During the shelter-in-place order essential research work continued under
safe conditions at the lab and at home

Covid-19 Research at Berkeley Lab
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