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IAATTTCATTTGTATTATCCCTCTTCCTA CAAACACACTGTCCGCAGACGCACTCTCCATTGTTACTGCAGATTTCTGAACTGTTTTCTTTCCTGCAGTAAGCATCCATGTCTTCACTGTT

VAATTTCATTTGTATTATCTCTCTTCCTAKCATACAC TGTCCGCAGACGCACTCTCCATTGTTACTGCAGATTTCTGAACTGTTTTC TCCTGCAGTAAGCATCCATGTCTTCACTGTT
\VAATTTCATTTTTATTATCCTTCTTCCTA*XTATACAC TGTCCGCAGACGCACTCTCCATTGTTACTGCAGAT CTGAACTGTTTTCTTITCCTGCAGTAAGCATCCATGTCTTCACTGTT
VAATTTCATTTTTATTATCCCTCTTCTTTCTAATAC tgtccgcagacgcactctccattgttactgeca tttctgaactgttttctttecctgcagtaagcatccatgtcttcactgtt
%AATTTCATTTTTATTATCCCTCTTCCTﬁ*CTAATACACT CCGCAGACGCACTCTCCATTGTTACTGCAGAT CTGAACTGTTTTCTTTCCTGCAGTAAGCATCCATG TTCACTGTT

Tttt rattatecctettectakxca aca tecgea ACGCA CATTGT CTGCAGATTTCTGAACT TTTC®TTCCTGCAGTAMCATCCARGTCTTICA GTT.
oo Straincevolutionand:-host-response:in patients .o
VAATTTCAT CT CYA 5 circigaacET i rtecttt TTCACTGTT

3 ATTTCATTTGTATTATCCCTCTTCCTA*:CAAAC CACTGTCCGCAGACGCACTCTCCATTGTTACTGCAGATTTCTGAACTGTT CTTTCCTGCAGTAAGCATCCATGTCTTCACTGTT

VA TTTCATTTGTATTATCCCTCTTCCTARCAAACA CTGTCCGCAGACGCACTCTCCATTGTTACTGL tttctgaactgttttctttecctgcagtaagecatce GTCTTCACTGTT
WA TTTCATTTGTATTATCCCTCTTCCTAACAAACACACTGTCCGCAGACGCAL CTCCATTGTTACTGCAGATTTCTGAACTGTTTTCTTTCCTGCAGTAAGCATCCATGTCTTCACTGTT
AVAATTTCATTTGTATTATCCCTCTTCCTAXCAAACACACTGTCCGCAGACGCA tctccattgttactgcagatttctgaactgtt CTTTCCTGCAGTAAGCATCCATGTCTTCACTGTT
yaatttcatttgtattateccctettectakcanacacactgtccgecagacgeac FT”ATT"TTACTGCAGPTTTCTGAACTGTTTTCT CCTGCAGTAAGCATCCATGTCTTCACTGTT
1aa ttcatttgtattacccctcttacaa*xcaaacacactgtccgcagacgEactal o) dalglgchiaalttctgaactgtttitctttcctgecagtaage CCATGTCTTCACTGTT
jaatt ATTTGTATTATCCCTCTTCCTA:CAAACACACTGTCCGCAGACGTMG MEﬁ--m cagatttctgaactgttttcttt tgcagtaagcatccatgtcttcactgtt
yaattte TTTGTATTATCCCTCTTCCTARCAAACACACTG CGCAGACGLALT (3 AGATT taacttttttctttactgcagtaaacatccatgtcttcactgtt

yaatttca ttgtattatccctecttectakcamacacactgtccg AGACGCACTCTCCATTGTTACTGCAGATTTCTGAACTGTTTTCTTTCCTT GTAAGCATCCATGTCTTCACTGTT

iaatttca ttgtattatccctcttocctaskcaamacacactgtccg agacgcactc)y cagatttct actgttttctttcctgcagtaagcatccattt TCACTGTT
VAATTTCAT tgtattatccctcttcocctakcaaacacactgtc gcagacgcac‘.ccaga‘.‘.‘. gaactgttttctttcctgcagtaagcatccat CTTCACTGTT.
\VAATTTCATT gtattatccctecttecta*camacacactgtcc cagacgcactctccattgttactgecagattte aactgttttctttecctgcagtaagecatccatg TTCACTGTT
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Director, WorldQuant Initiative for Quantitative Prediction
Department of Physiology.and.Biophysics.&
The Institute for Computational.Biomedicine.(ICB),
Meyer Cancer Center; Feil Family Brain and.Mind Research Institute,
at-'Weill Cornell Medicine,
Fellow of the Information Society.Project, Yale Law School
October 15,2020



Q_ Search Bloomberg

What youneedtoknow: Tracking the Reopening of New York City

Prognosis

Why New York Suffered When Other
Cities Were Spared by Covid-19

The mayor, the CDC and a New York disease expert weigh in

By Drew Armstrong, Henry Goldman, and Keshia Clukey
May 28, 2020, 9:51 AM EDT

>23,000 Deaths

https://www.bloomberg.com/news/articles/2020-05-28/why-was-new-york-hit-so-badly-with-covid-19



https://www.bloomberg.com/news/articles/2020-05-28/why-was-new-york-hit-so-badly-with-covid-19

Deep characterization of COVID-19 samples
has a short and long-term benefit

Assay TAT Measurements and Metrics

Swab |

Loop-mediated Isothermal 20-30 Polymerase and pH colorimetric output:
Amplification (LAMP) minutes COVID-19 presence/absence

$o Quantitative real-time 3-4 Two Primer Sets for COVID-19:
> PCR (gRT-PCR) hours The E (envelope) and S (spike) genes.
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S
S Next-Generation cDNA Sequencing:

Capture/Amplicon 1-3 days Viral cDNAs, host cDNASs

— o0

m6A

Next-Generation cDNA Sequencing:

i Aliquot RNA o | RNASSeq and MERIFSseq 1-3 days Non-coding Viral and host cDNAs; mSA
) : .
o, B BNA Sea e i Next-Generation RNA Sequencing:
' D ¢ ¢ 5 0-2 days Viral and host polyA RNAs (MinION)
Frozen %%o Bespoke Baits and Primers:
liquot Spatial Transcriptome - ) :
) :‘%l;o . : 1-3 days Virus, Host, and/or BCR/TCRs
banking




(63.2M 150x150 PE reads)

857 COVID-19 samples’ total RNA-seq

857 clinical specimen

s from

735 NYP-WCMC patients
with known or suspected
SARS-CoV-2 infection

)~

R _J
86 NYC

Subway
Specimens

Swab

~O—O

RNA
extraction

https://www.biorxiv.org/content/10.1101/2020.04.20.048066v5

Result

Assay Time Reagents
Loop-mediated
ing Isothermal . One primer sextet
30-40 minutes
/‘> Amplification for SARS-CoV-2
(LAMP)
10ng Two primer sets
qRT-PCR 3-4 hours for SARS-CoV-2
Total RNA-seq 8 hours - Random Hexamers
10ng 2 days

1) 735 suspected COVID-19 patients:
COVID-19-POS, n=216
COVID-19-NEG, n=519

2) 86 Environmental (54 sites)

Grand Central
Times Square

3) 36 Controls
CP (Vero E6 Cells w/ SARS-CoV-2)
Twist Synthetic RNA (2 strains)
Negative Controls (TE buffer)

Color change representing
level of SARS-CoV-2
E (envelope) and N (nucleocapsid)
gene in specimen

Ct representing
level of SARS-Cov2 E (envelope)
and S (Spike) gene in specimen

Shotgun metatranscriptomes
of all host and species
RNA sequences in specimen


https://www.biorxiv.org/content/10.1101/2020.04.20.048066v5

Mostly human, bacterial, viral RNA in the NP swabs

NC PC Env gRT-PCR Negative gRT-PCR Positive

LA Ty

100%

75%

50%

% of reads

25%

0%

Homo sapiens . Bacteria . Other Viruses Unclassified
I SARS-CoV-2 Fungi B Archaea

9 gRT-PCR false negatives (9/519, 1.7%) 78.0% of NP Swab is SARS-CoV-2 RNA




We can trace the evolutionary history of the virus
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N=155 full covered and assembled genomes

https://nextstrain.org/ncov



https://nextstrain.org/ncov

We see a unique deletion in three samples that removes
a CoV-2 specific AA change relative to SARS CoV

2 AA g.686_694del
,_. —
SARS-CoV-2 Nsp1  rmmms = s mmeknre:  fGocWEs s v 561 A o Bk s WSS o MG o NESEEN-GON o NEN v FEN o NEN o NENENESWOREN
SARS-CoV Nsp1  Fvimmmm « skom-cBmsere: A [GoGEEN s v FGM o NS s v o BENGY 0 FEVEEGINN o NENNEGEN 0 v NEN o EEESWORNN
T T T T
130 140 150 160
10 AA g-686_694del
]

sequence simiarty | ol andbnel e it

SARS-CoV-2 Nsp1  ‘womsmsss pmn s o o om0 (oW 00 0 OO 0 OO DO OSSR S 0 NN R N
SARS-CoV Nsp1 TN INED (O EE RN EEE T IR N EUEE DN RO AN DN e )N

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180

A conserved portion of the C-terminal region of NSP1, which has been linked
to host chemokine dysregulation and translational inhibition in SARS-CoV.

Narayanan K, Ramirez Sl, Lokugamage KG, Makino S. Coronavirus nonstructural
protein 1: Common and distinct functions in the regulation of host and viral gene
expression. Virus Res. 2015 Apr 16;202:89-100.



We aren’t the only ones

Clade

A2 [
B1 |
Unassigned | |

Reads

Contig

GISAID/
NextStrain
Contigs

600 700

NC_045512.2

Bases
m A

EEn
o0-

COV-20200316-P11-E04-P
WCM /NYP, NY, USA

California USA 2020-01-27

Reykjavik Iceland 2020-03-13
Connecticut USA 2020-03-14

WCM / NYP New York USA 2020-03-14
Washington USA 2020-03-16

New York USA 2020-03-18

New York USA 2020-03-18
Washington USA 2020-03-20
England United Kingdom 2020-03-23
Victoria Australia 2020-03-25
Washington USA 2020-03-25

Wales United Kingdom 2020-03-25
Washington USA 2020-03-29
England United Kingdom 2020-03-31
Ohio USA 2020-04-01

England United Kingdom 2020-04-02
New York USA 2020-04-05

bp



Our “NYC clade” also appears in NYU/Sinali strains

1 10,000 20,000 29,87°
| | | |
WCM/NYP o Genotype WM ALT /\ / / / / /
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Number of Samples with Variant: 19 1624 151 123 34 2000 124



This NYC-enriched strain
Is highly dynamic around the world

Fraction of Cases
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Hospital Surfaces with SARS-CoV-27?

P=0.088

P=0.889
1

10001 P=0.035
|

100 1

Viral Copies/cm?
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<

Hot-Zone Warm-Zone Cold-Zone



Hospital Surfaces Distribution

Viral copies/cm? Hot-zone Cold-zone
Bo
Bo-1

1-10

10 - 100
B 100- 1000

Patient Room

Workstation
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The hospital walls tell a story too;
genome coverage and phylogenies
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COVID and MetaSUB Leverage a global network of scientists

Filter Map by Metadata

» Sampling Type
Location Type
Setting
Sampling Place
Surface Material

Ground Level

=9
9521 Samples Taken Worldwide ( )

600 =

el samples per hour

200 —

Illm “ll ." ||l‘ “I ' | 1“11. l 1 ! .

I
August September October November

http://metasub.or


http://metasub.org/

SARS — CoV-2 RNA Virus Tracking 2020 with MetaSUB

Sampling Kit includes:
1 Isohelix Bucal Swab
1 TFS Barcoded Tube
200ul Zymo DNA/RNA Shield

Sampling Kits for Pilot Projects:
17 x96 =1,632

Projected Sampling Kits for RNA Virus Tracking
2020:
10,272

Sampling Locations:
59 Cities (12 hospitals)
25 Countries
6 Continents

Bioinformatics and Analysis:
327 members from universities
and industry




Preliminary list of RNA-based subway passengers:

TaxID -1 Taxon -1 TaxonName srank y/aveg =
0 x__unclassifi unclassified U 32062199

9606 d__EukaryotiHomo sapiens S 11329363
56947 d__Viruses|f Choristoneura fumiferana granulovirus S 5421.1233
12242 d__Viruses|f Tobacco mosaic virus s 3466.8062
11320 d__Viruses |fInfluenza A virus S 3287.9371
162145 d__Viruses|fHuman metapneumovirus S 2527.9019
1392231 d__ Viruses|cStreptococcus phage 20617 S 1788.0316
1969841 d__ Viruses|cProteus phage VB_PmiS-Isfahan S 1616.7909
1188792 d__Viruses|f Phaseolus vulgaris alphaendornavirus 1 S 1095.1807
1414655 d__Viruses | Pepper chlorotic spot virus S 552.81272
425279 d__Viruses |f Rehmannia mosaic virus S 422.59027
1980484 d__Viruses |t Oxbow orthohantavirus S 394.41437
2560751 d__Viruses|cSerratia virus BF S 384.72824
1979161 d__Viruses|gHuman rubulavirus 4 S 352.10111
929814 d__Viruses|cSalmonella phage RE-2010 S 316.31429
129951 d__ Viruses|f Human mastadenovirus C S 315.18038
2169967 d__ Viruses|cEscherichia virus DE3 S 309.16571
1141136 d Viruses|cCronobacter phage vB CsaM GAP32 S 274.03831
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NATIONAL
GEOGRAPHIC

ANIMALS CORONAVIRUS COVERAGE

Tiger tests positive for coronavirus
at Bronx Zoo, first known case in the
world

The big cat is the first known case of a non-domesticated animal with COVID-
19 symptoms—and is one of seven sick tigers at the New York zoo.

A Malayan tiger at the Bronx Zoo, photographed in 2017. In a first, one of the zoo's Malayan tigers,
Nadia, has tested positive for the virus that causes COVID-19. Six other big cats are also showing
symptoms of the illness.

PHOTOGRAPH BY ANDREW LICHTENSTEIN, CORBIS VIA GETTY IMAGES

https://www.nationalgeographic.com/animals/2020/04/tiger-coronavirus-covid19-positive-test-bronx-zoo/#close



https://www.nationalgeographic.com/animals/2020/04/tiger-coronavirus-covid19-positive-test-bronx-zoo/#close
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ABOUT METHODS PEOPLE PROJECTS MAP MEETINGS CONTACT US

INTRODUCTION

MetaCats: Domestic Cats Coronaviruses & Microbiome
The project, launched in 2020, aims at investigating the prevalence of SARS-CoV-2 and other
coronaviruses in domestic cats, along with their microbial communities or microbiomes.

While the COVID-19 coronavirus pandemic produced by the virus SARS-CoV-2 has been well
studied to address the effect on human health, little is known about the effect that the virus
might have on domestic animals, especially in cats.

BACKGROUND

Pet ownership has been pointed to as an important factor
in determining the human microbiome, from skin to gut.

Recent studies suggest that pets can help to the
development of a healthy immune system, while others
point that they could act as potential carries of pathogens.

MetaCats

http://metasub.org/metacats/

DONATE


http://metasub.org/metacats/

ABOUT METHODS PEOPLE PROJECTS MAP MEETINGS CONTACT US

STOOL SAMPLE MOUTH SAMPLE

AlM: TO STUDY THE PREVALENCE OF SARS-COV-2 AND OTHER CORONAVIRUSES IN DOMESTIC CATS,
ALONG WITH THEIR MICROBIAL COMMUNITIES OR MICROBIOMES.

O 4 W I

EASY FREE SAFE CITIZEN-SCIENCE

Registration is easy and will let you Participation is entirely free and all Our upmost priority is the safety of By registering for this project you
know if you and your cat qualift for supplies will be shipped to your yourself and your cat. Sampling is are supporting citizen-science and
the study home for your use safe and simple. contributing to important research.

http://metasub.org/metacats/

DONATE


http://metasub.org/metacats/

Who else is there?
Data from @seattleflustudy and Trevor Bedford (@trvrb)

@ seasonal coronavirus @ metapneumovirus @ parainfluenza ' influenza A/HIN1 © influenza A/H3N2  influenzaB  RSV/A RSV/B @ rhinovirus

Collection date and status of samples tested for seasonal respiratory viruses
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Co-infection is rare

urewoq

SARS-CoV-2 levels

None Low Med High None

LTI T ] NGS (log10 SARS-CoV-2 %) NGS (log10 SARS-CoV-2 %)

LRI (N -I- RT-PCR (Ct) 1 1
Subclass

ININ NN -l- Class 0

Bordetella parapertussis _4
Bordetella pertussis -1
Mycoplasma pneumoniae RT-PCR (Ct)
Chlamydia pneumoniae -2 40

Human coronavirus 229E _3
| Human respirovirus 3 l 15
| | \ | Human orthopneumovirus -4
N[N/ B nfluenza A virus Subclass
| Influenza B virus None
| H””" || | Enterovirus Medium
BN Respiratory syncytial virus OtherVirallnfection
Human mastadenovirus B . High
Human mastadenovirus C Low
Human mastadenovirus D
Enterovirus C Class
Rhinovirus A Negative
Human metapneumovirus - Positive
Human coronavirus NL63 Domain
Human coronavirus HKU1 Viruses
Rhinovirus C Bacteria
Enterovirus J
Human rubulavirus 4
Enterovirus L



Microbiome Disruption in High Titer Patients

SARS-CoV-2 levels
None Low Med Hig

h None

Serratia odorifera
Neisseria polysaccharea
Pasteurella dagmatis
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Streptococcus intermedius
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The human response:
Host DEGs (g<0.01, >1.5-fold)
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Biological pathways feature familiar,
and some new networks (including heme, olfaction

Pathway

GO NEGATIVE REGULATION OF VIRAL GENOME REPLICATION

GO INTERFERON GAMMA MEDIATED SIGNALING PATHWAY -

HALLMARK INTERFERON ALPHA RESPONSE -
BOSCO INTERFERON INDUCED ANTIVIRAL MODULE -
REACTOME INTERFERON ALPHA BETA SIGNALING
GO RESPONSE TO TYPE | INTERFERON

GO DEFENSE RESPONSE TO VIRUS

REACTOME INTERFERON SIGNALING

HALLMARK INTERFERON GAMMA RESPONSE

GO RESPONSE TO VIRUSH

ZHANG INTERFERON RESPONSE {

KEGG REGULATION OF AUTOPHAGY

GO RESPONSE TO EXOGENOUS DSRNA -

GO NEGATIVE REGULATION OF VIRAL PROCESS
UROSEVIC RESPONSE TO IMIQUIMOD A

BOWIE RESPONSE TO TAMOXIFEN -

GO B CELL DIFFERENTIATIONH

ICHIBA GRAFT VERSUS HOST DISEASE D7 UP
KEGG TOLL LIKE RECEPTOR SIGNALING PATHWAY -

GO LEUKOCYTE PROLIFERATION -

GO DEFENSE RESPONSE TO OTHER ORGANISM

GO INNATE IMMUNE RESPONSE

GO REGULATION OF 10N TRANSPORT -

GO CALCIUM ION BINDING

GO CATION TRANSPORTH

GO LEUKOCYTE MIGRATION -

REACTOME OLFACTORY SIGNALING PATHWAY -

GO CATION TRANSMEMBRANE TRANSPORTER ACTIVITY
GO PHAGOCYTOSIS

REN ALVEOLAR RHABDOMYOSARCOMA UPA

GSE9006 HEALTHY VS TYPE 1 DIABETES PBMG AT DX DN
GO IRON ION BINDINGH

GO EPIDERMIS DEVELOPMENT A

GO OXYGEN BINDING

GO HEMOGLOBIN COMPLEX

KEGG RIBOSOME

GO KERATINIZATION

BOSCO EPITHELIAL DIFFERENTIATION MODULEA
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Cytokine and interferon signaling es

pronounced for high titer
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as a function of viral load

Complement factor pathways disrupted
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Now online

naturemedicine

Letter | Published: 03 August 2020

Immune complement and coagulation
dysfunction in adverse outcomes of
SARS-CoV-2 infection

Vijendra Ramlall, Phyllis M. Thangaraj, Cem Meydan, Jonathan Foox, Daniel Butler,
Jacob Kim, Ben May, Jessica K. De Freitas, Benjamin S. Glicksberg, Christopher E.
Mason, Nicholas P. Tatonetti &J & Sagi D. Shapira

Nature Medicine (2020) | Cite this article

66 Altmetric | Metrics

https://www.nature.com/articles/s41591-020-1021-2
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200ng RNA-seq and MeRIP-seq

2> Direct RNA sequencing

Spatial Transcriptome
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Polymerase and pH colorimetric output:
COVID-19 presence/absence

Two Primer Sets for COVID-19:
The E (envelope) and S (spike) genes.

Next-Generation cDNA Sequencing:
Viral cDNAs, host cDNAs

Next-Generation cDNA Sequencing:
Non-coding Viral and host cDNAs; méA

Next-Generation RNA Sequencing:
Viral and host polyA RNAs (MinlON)

Bespoke Baits and Primers:
Virus, Host, and/or BCR/TCRs



GeoMx DSP: Spatial, High-Plex Protein & RNA Profiling

Spatial Profiling

Image slide and select UV-cleave oligos
Regions-of-Interest (ROIs) off antibodies in ROI

Photocleaved
oligo

Aspirate oligos
with microcapillary

Photocleaved
oligo

Stain slide
with oligo-conjugated
antibodies

UV-photocleavable ¢

Dispense oligos
into 96-well plate

GeoMx ™ Digital Spatial Profiler

@ Hybridize and count

\IM/\ Photoltl:leaved
J' Photocleaved
i oligo
lllumina NGS --or-- NanoString nCounter@



Covid21_High TMPRSS2 in both large airway and Alveoli

RNAscope
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Cell abundances of all segments

Right: proportions of cells,
arranged by sample

Following slides: zoom in
on each segment type
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Loop-Mediated Isothermal Amplification (LAMP)

Forward outer primer —{iE]) {W=¥® —Backward outer primer

Target DNA

5' W m— —"“- 3

- 2 B2 W
~ ¢

Forward inner primer — \ Backward inner primer

A fast (30-40min) and inexpensive (<$5) RT-PCR assay for
targeted amplification of COVID-19 genes:

RNA—->cDNA—->dsDNA
with Bst strand-displacing polymerase

Loop Mediated Isothermal Amplification (LAMP) from New England BiolLabs: https://www.youtube.com/watch?v=L5zi2P4lggw |
https://www.neb.com/protocols/2014/06/17/loop-mediated-isothermal-amplification-lamp



https://www.youtube.com/watch?v=L5zi2P4lggw
https://www.neb.com/protocols/2014/06/17/loop-mediated-isothermal-amplification-lamp

COVID-19 Primers for Loop-Mediated Isothermal Amplification

(LAMP)

Loop-mediated Isothermal Amplification (LAMP) Primer Design

5’ wg,

3 FIP LB B3 5’

| ]
loop region loop region

D e 3’
Nucleocapsid Gene (N) Target (in SARS-CoV-2 genome)

COVID-19 Primers: Gene N (Nucleocapsid gene)

GeneN-F3 TGGCTACTACCGAAGAGCT

GeneN-B3 TGCAGCATTGTTAGCAGGAT

GeneN-FIP TCTGGCCCAGTTCCTAGGTAGTCCAGACGAATTCGTGGTGG
GeneN-BIP AGACGGCATCATATGGGTTGCACGGGTGCCAATGTGATCT
GeneN-LF GGACTGAGATCTTTCATTTTACCGT

GeneN-LB ACTGAGGGAGCCTTGAATACA




The LAMP Reaction Starts All Pink

Reaction time:
0 minutes

Copies of COVID-19 RNA

Twist Biosciences RNA (MT007544.1) Weill Cornell Med / NYP



Then begins to show a colorimetric shift

Reaction time:
15 minutes

Copies of COVID-19 RNA

Twist Biosciences RNA (MT007544.1) Weill Cornell Med / NYP



LAMP reaction is complete at 30 minutes

Reaction time:
30 minutes

Copies of COVID-19 RNA

Twist Biosciences RNA (MT007544.1) Weill Cornell Med / NYP



Reproducible across replicates and validated on clinical positives

Twist Synthetic RNA #1
(MT007544.1)

Twist Synthetic RNA #2
(MN908947.3)

Clinical COVID-19+ Sample
with Serial Log Dilution
(qRT-PCR+, <0.05ng/mL;
below Qubit lower limit)

Weill Cornell Med / NYP



Overall high correlation with gRT-PCR and RNA-seq

SARS-CoV-2

% of reads

RT-PCR Ct value vs LAMP Quantifluor readout
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True positive fraction
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New, Dual SARS-CoV-2 Primers for LAMP (E and N genes)
In one reaction improves sensitivity 2-4 fold (LOD down to 5-25 copies vs. 10-100)
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Colorimetric LAMP now FDA-approved in
partnership with Color/Broad/Weill Cornell

FierceBiotech

Color gets green light for LAMP-based COVID-19
screening test

by Conor Hale | May 20, 2020 11:00am

To develop its tests for the pandemic, Color has been working with the Broad Institute of MIT and
Harvard as well as Weill Cornell Medicine. The company is also publishing its LAMP protocol (PDF)
for use by other laboratories.

https://www.fda.gov/media/138249/download



https://www.fda.gov/media/138249/download

Also now a full kit:

&ﬁ NEW ENGLAND
L]

BioLabs..

Applications & Products Tools & Resources Support About

Home > PCR, gPCR & Amplification Technologies > Products > SARS-CoV-2 Rapid Colorimetric LAMP Assay Kit

% SARS-CoV-2 Rapid Colorimetric LAMP Assay Kit

This product is intended for research purposes only.

The SARS-CoV-2 Rapid Colorimetric LAMP Assay Kit utilizes isothermal amplification for use in the analysis of SARS-CoV-2, the novel
coronavirus that causes COVID-19.

+ Colorimetric LAMP enables simple, visual detection (pink-to-yellow) of amplification of SARS-CoV-2 nucleic acid

« Set up reactions quickly and easily, using a simple heat source and unique WarmStart® technology

» Reduce risk of carryover contamination, with UDG and dUTP included in the master mix

+ Assay targets N and E regions of the SARS-CoV-2 genome, for optimized sensitivity and specificity

« Bring confidence to your results using the provided controls

+ Learn more about LAMP and other isothermal amplification methods

+ Learn more about how NEB is supporting COVID-19 research

D& 3

https://www.neb.com/products/e2019-sars-cov-2-rapid-colorimetric-lamp-assay-kit



https://www.neb.com/products/e2019-sars-cov-2-rapid-colorimetric-lamp-assay-kit
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Can we enable rapid testing in Cities with “Pop-Up Labs?”

Make it easy for ANYONE to get tested with
NYC as a model for others (SF, Seattle, Chicago).
About 5S15K/site set up and S1K/day reagents

1) Equipment:
Staff/testers minimally trained in molecular biology;
Small freezer or 4C for reagents $500-1000;
2 Basic laptops with barcode reader $2000;
Heat blocks (96-well) - $400;
Pipetteman (two per heatblock) ~$600 per two sets;
Folding table - S75.
2) Consumables:
Pipet tips - $300 per heat block;
Gloves - $24/box;
Waste bins - $100 ea;
Tubes - $347/250;
DNA/RNA-free Water- S50.
3) PPE:
Personal Protection Equipment
(masks, eye protection) - $500.

4) Decontamination supplies:
Bleach and wipes - $200. On-site swabbing at the Annual Association of

Biomolecular Resource Facilities Meeting (2018)




Racine partnering on new, quicker COVID-19
test

Christina Lieffring 2 hrsago %7

A

namecheap

“The name generator
is easy to use and
really helpful in
finding the right

domain name”

Anonymous Customer
30 Apr 2019 Frir

https://journaltimes.com/news/local/govt-and-politics/racine-
partnering-on-new-quicker-covid-19-test/article df721f98-9006-55f0-
b8f1-a3e573d15cd5.html



https://journaltimes.com/news/local/govt-and-politics/racine-partnering-on-new-quicker-covid-19-test/article_df721f98-9006-55f0-b8f1-a3e573d15cd5.html

Racine City Hall On-site Testing
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# CORONAVIRUS FADS FACE MASKS

GREGORY BARBER SCIENCE 87.23.2828 87:88 AM

ESSENTIALS HOW TO DISINFECT EVERYTHING

SYMPTOMS AND TESTING WHAT HAPPENS NEXT? NEWSLETTER LATEST NEWS

A Wisconsin City Experiments With a Faster, DIY Covid-19 Test

In a former boxing gym in Racine, firefighters are trying out a spit test that’s simpler and cheaper than PCR. Could it change how we screen
for the virus?

https://www.wired.com/story/a-wisconsin-city-experiments-with-a-faster-diy-covid-19-test/

Q


https://www.wired.com/story/a-wisconsin-city-experiments-with-a-faster-diy-covid-19-test/

Can it be easier?

ViiA 7 qPCR
2201, 61 kg

GeneXpert IV

251,12 kg
TINY
2.11,1.1kg

waar 28 cm x 28 cm
- Fresnel lens
- TINY )
w w \.h
N

&a:.‘ml:dcalengﬁneeﬂng

Article | Published: 11 September 2018
A portable device for nucleic acid quantification
powered by sunlight, a flame or electricity

Ryan Snodgrass, Andrea Gardner, Aggrey Semeere, Varun Lingaiah Kopparthy, Jens Duru, Toby Maurer, Jeffrey
Martin &, Ethel Cesarman & & David Erickson £

Nature Biomedical Engineering 2, 657-665(2018) | Cite this article https //WWW ncbi.nlm.nih .gov/pmc/a rtlcles/PMC6425734/

NI A rrscene | 12 Citaticnne | QB Albmatrie | Matrice
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TINY Device and Methods now being used in the Racine and the ER at NYP

These methods and new SARS-CoV-2 protocols are currently deployed in the emergency room (ER)
at New York Presbyterian (NYP) Hospital for nasopharyngeal (NP) swabs and direct from saliva.

We now have an IRB protocol to help with screening and testing patients, health care workers, and staff.

== Weill Cornell
<Y Medicine
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Two Primer Sets for COVID-19:
The E (envelope) and S (spike) genes.

Next-Generation cDNA Sequencing:
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Next-Generation cDNA Sequencing:
Non-coding Viral and host cDNAs; méA

Next-Generation RNA Sequencing:
Viral and host polyA RNAs (MinlON)

Bespoke Baits and Primers:
Virus, Host, and/or BCR/TCRs



NANOPORE SEQUENCING

At the heart of the MinlON device, an enzyme unwinds DNA,

feeding one strand through a protein pore. The unique shape of \
each DNA base causes a characteristic disruption in electrical

current, providing a readout of the underlying sequence. ﬁ\jf\’

DNA double
helix

DNA base

Unwinding enzyme

Membrane

e et e ™ e e e et ™ e ™o e o P

Sequence A A C T C G T

http://blogs.nature.com/naturejobs/2017/10/16/techblog-the-nanopore-toolbox/



Cell

Volume 181, Issue 4, 14 May 2020, Pages 914-921.e10

Resource

ellPre

2.

The Architecture of SARS-CoV-2 Transcriptome

Dongwan Kim ! 2, Joo-Yeon Lee 3, Jeong-Sun Yang 3, Jun Won Kim 3, V. Narry Kim 1» 24 2 & Hyeshik Chang 1' 2 &
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Can we just sequence in space?

OpNom: Biomolecule Sequencer

Principal Investigator(s)
Aaron Burton, Ph.D., NASA JSC, Houston, TX, United States

Co-Investigator(s)/Collaborator(s)

Sarah Castro-Wallace, Ph.D., NASA JSC, Houston, TX, United States
Kristen John, Ph.D., NASA J5C, Houston, TX, United States

Sarah Stahl, M.5., MASA Johnson Space Center, Houston, TX, United States
Douglas Botkin, Ph.D., Johnson Space Center, Houston, TX, United States
Jason Dworkin, Ph.D., NASA GSFC, Greenbelt, MD, United States

Mark Lupisella, Ph.D., NASA GSFC, Greenbelt, MD, United States

David Smith, Ph.D., NASA Ames, Moffett Field, CA, United States

Christopher Mason, Ph.D., Weill Cornell Medical College, Mew York, NY, United States

James Brayer, Oxford Manopore Technologies Inc., Cambridge, MA, United States

International Space Station

Biomolecule Sequencer (Biomolecule Sequencer) - 05.05.16

Overview | Description | Applications | Operations | Results | Publications | Imagery

ISS Science for Everyone

Science Objectives for Everyone

Living organisms contain DNA, or deoxyribonucleic acid, and sequencing DNA is a powerful way to understand how they respond to
changing environments. The Biomolecule Sequencer investigation seeks to demonstrate, for the first time, that DNA sequencing is
feasible in an orbiting spacecraft. A space-based DNA sequencer could identify microbes, diagnose diseases and understand crew
member health, and potentially help detect DNA-based life elsewhere in the solar system.

Science Results for Everyone
Information Pending

Developer(s)
MASA Johnson Space Center, Houston, TX, United States

Sponsoring Space Agency « Research

Mational Aeronautics and Space Administration (MASA)
« Astrobiology

Sponsoring Organization

Technolegy Demonstration Office (TDO)

+ Medical operations

« Operational environmental monitoring of microorganisms
o Allow for in-flight identification of microbes, which is currently not possible but is essential for travel beyond our moon.
o Inform real-time decisions and remediation strategies.
o Real-time analysis can impact medical intervention and define countermeasure efficacy.

o DMA from any organism can be sequenced to assist any scientific investigation on the I1SS.

o |55 demonstration serves as functional testing for integration into robotics for Mars exploration missions.

o This technology is superiorly suited for the detection of life based on DMNA and DNA-ike molecules.

http://www.nasa.gov/mission_pages/station/research/experiments/2181.html
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The first genome
sequenced and assembled off Earth

\ i ISS1 1SS2 1SS3 ISS4 1SS5 ISS6  ISS7 1S58
P ISS flight samples —>» | I I | I I I I 5

SCIENTIFIC REPLIRTS cw | 0 00w

{3
| identical ground »
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Article OPEN Published: 21 December 2017 Eq D yr ISS and Ground (G) synchronous sequencing runs

Nanopore DNA Sequencing and Genome *
Assembly on the International Space
Station

current (pA)

Castro Wallace et al., 2017

https://www.nature.com/articles/s41598-017-18364-0




The first space epigenome

v | nature —2 X\
COMMUNICATIONS N

Article  OPEN  Published: 04 February 2019

Single-molecule sequencing detection of
N6-methyladenine in microbial reference
materials

Alexa B. R. McIntyre, Noah Alexander, Kirill Grigorev, Daniela Bezdan, Heike Sichtig, Charles Y. Chiu &
Christopher E. Mason

https://www.nature.com/articles/s41467-019-08289-9 https://github.com/al-mcintyre/mCaller
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\ ?4 Weekly Recap From the
4 Expedition Lead Scientist
&

5 days ago

Aug. 29, 2016

19 days ago

ekly Recap From the First DNA Sequencing in Space a Game Changer
Expedition Lead Scientist

194, o T : ,
il For the first time ever, DNA was successfully sequenced in microgravity as part of the Biomolecule

Sequencer experiment performed by NASA astronaut Kate Rubins this weekend aboard the
p From the International Space Station. The ability to sequence the DNA of living organisms in space opens a

dition Lead Scientist whole new world of scientific and medical possibilities. Scientists consider it a game changer.
24 days ago

DNA, or deoxyribonucleic acid, contains the instructions each cell in an organism on Earth needs to
live. These instructions are represented by the letters A, G, C and T, which stand for the four chemical
bases of DNA, adenine, guanine, cytosine, and thymine. Both the number and arrangement of these
bases differ among organisms, so their order, or sequence, can be used to identify a specific
organism.

kly Recap From the
Expedition Lead Scientist

a month ago
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NASA Astronaut Kate Rubins, Crewmates
Arrive Safely at Space Station
3 hours ago

NASA Hosts Virtual Destination Station
with Astronaut Christina Koch, Scientists
6 days ago
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New methods



Test type
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O RT-ddPCR
RT-dPCR
O RT-gPCR

Number of targets
I One
I Multiple
I Unknown

ITIII NN N WO DNRRORR D OONER OO ITI LT

EUA virology tests

0.1

Reported EUA LoD (copies/pL)

%
‘1

7,

O,?(\

@ 4

[sample type, target or method]”
*Only displayed if multiple LoDs

Also pushing to get more and
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