
Strain evolution and host response in patients

Christopher E. Mason, Ph.D. 
Associate Professor

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

@mason_lab



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

>23,000 Deaths

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

1-3 days
Next-Generation cDNA Sequencing:

Viral cDNAs, host cDNAs

Assay

RNA-seq and MeRIP-seq 1-3 days
Next-Generation cDNA Sequencing:

Non-coding Viral and host cDNAs; m6AAliquot RNA

Direct RNA sequencing

3-4 

hours

Next-Generation RNA Sequencing:

Viral and host polyA RNAs (MinION)

Spatial Transcriptome 1-3 days
Bespoke Baits and Primers:

Virus, Host, and/or BCR/TCRs 

0-2 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)

857 COVID-19 samples’ total RNA-seq 
(63.2M 150x150 PE reads)

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

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


Mostly human, bacterial, viral RNA in the NP swabs

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



https://nextstrain.org/ncov

We can trace the evolutionary history of the virus

N=155 full covered and assembled genomes

https://nextstrain.org/ncov


We see a unique deletion in three samples that removes

a CoV-2 specific AA change relative to SARS CoV

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 SI, 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



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

NYC Clade



This NYC-enriched strain 

is highly dynamic around the world



Hospital Surfaces with SARS-CoV-2?



Hospital Surfaces Distribution



The hospital walls tell a story too; 
genome coverage and phylogenies



http://metasub.org

COVID and MetaSUB Leverage a global network of scientists
The International MetaSUB Consortium started sampling on Monday,
March 16th in public surfaces and hospitals

v

http://metasub.org/


Sampling Kits for Pilot Projects: 
17 x 96 = 1,632 

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

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

SARS – CoV-2 RNA Virus Tracking 2020 with MetaSUB



Preliminary list of RNA-based subway passengers:





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


http://metasub.org/metacats/

http://metasub.org/metacats/


http://metasub.org/metacats/

http://metasub.org/metacats/


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



Co-infection is rare

SARS-CoV-2 levels
None Low Med High None



Microbiome Disruption in High Titer Patients
SARS-CoV-2 levels

None Low Med High None



The human response:
Host DEGs (q<0.01, >1.5-fold) 



Biological pathways feature familiar, 
and some new networks (including heme, olfaction)



Cytokine and interferon signaling especially 
pronounced for high titer



https://covidgenes.weill.cornell.edu/

https://covidgenes.weill.cornell.edu/


Complement factor pathways disrupted 
as a function of viral load



Now online

https://www.nature.com/articles/s41591-020-1021-2

https://www.nature.com/articles/s41591-020-1021-2
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GeoMx DSP: Spatial, High-Plex Protein & RNA Profiling  

NanoString nCounterIllumina NGS --or--

GeoMx™ Digital Spatial Profiler

Spatial Profiling



Covid21_ High TMPRSS2 in both large airway and Alveoli

GeoMx DSPRNAscope

DNA
V-nCoV2019-S
Hs-ACE2
Hs-TMPRSS2



Right: proportions of cells, 
arranged by sample

Following slides: zoom in 
on each segment type

Cell abundances of all segments

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

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)

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


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

F3 LF BIP

FIP LB B3

loop region

5’ 3’

3’ 5’

Nucleocapsid Gene (N) Target (in SARS-CoV-2 genome) 
5’ 3’

Loop-mediated Isothermal Amplification (LAMP) Primer Design

loop region

COVID-19 Primers for Loop-Mediated Isothermal Amplification
(LAMP)



Copies of COVID-19 RNA

106 105 104 103 102 101 100 0 

Reaction time:
0 minutes

The LAMP Reaction Starts All Pink

Weill Cornell Med / NYPTwist Biosciences RNA (MT007544.1)



Copies of COVID-19 RNA

106 105 104 103 102 101 100 0 

Reaction time:
15 minutes

Weill Cornell Med / NYPTwist Biosciences RNA (MT007544.1)

Then begins to show a colorimetric shift



Copies of COVID-19 RNA

106 105 104 103 102 101 100 0 

Reaction time:
30 minutes

Weill Cornell Med / NYPTwist Biosciences RNA (MT007544.1)

LAMP reaction is complete at 30 minutes



Weill Cornell Med / NYP

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)

Reproducible across replicates and validated on clinical positives



R2=0.-78

Overall high correlation with qRT-PCR and RNA-seq



96% Sensitivity and 99% Specificity



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)



Colorimetric LAMP now FDA-approved in 
partnership with Color/Broad/Weill Cornell

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

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


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

Also now a full kit:

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


And a global group!

https://groups.google.com/g/glamp/



Make it easy for ANYONE to get tested with 
NYC as a model for others (SF, Seattle, Chicago).
About $15K/site set up and $1K/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 - $75.

2) Consumables:
Pipet tips - $300 per heat block;
Gloves - $24/box;
Waste bins - $100 ea;
Tubes - $347/250;
DNA/RNA-free Water- $50.

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)

Can we enable rapid testing in Cities with “Pop-Up Labs?”



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





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

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


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6425734/

Can it be easier?

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6425734/




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





New places



Can we just sequence in space?

http://www.nasa.gov/mission_pages/station/research/experiments/2181.html





The first genome 
sequenced and assembled off Earth

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

Castro Wallace et al., 2017



The first space epigenome 

https://github.com/al-mcintyre/mCallerhttps://www.nature.com/articles/s41467-019-08289-9







New methods



Also pushing to get more and 
more kinds of tests

https://www.nature.com/articles/s41587-020-0655-4

https://xprize.org/prizes/covidtesting

https://www.nature.com/articles/s41587-020-0655-4
https://xprize.org/prizes/covidtesting
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