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1977 Sequencing of X174 - Sanger

5,386 nucleotide Took four years!
long sequence



On 31 December 2019- WHO China Country
Office was informed of cases of pneumonia of
unknown etiology in Wuhan.

10th January 2020 - The first novel coronavirus
genome sequence (~29,000 nt) was made
publicly available
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What type of genome does
SARS CoV-2 have?
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Envelope glycoprotein (E)

Nucleoprotein (N) + RNA



The Central Dogma of Molecular Biology

DNA > RNA | > Protein
replication RNA-dependent RNA

polymerase (RdRps)



RdRp - RNA dependent RNA Polymerase

nsp12 &

RNA template

RNA product



SARS CoV-2 Replication in a Cell @

Viral spike protein binds to
the cellular ACE2 protein




If you wanted to see if this virus is in a patient, what might you look for?




Strategies for testing for infection

Look for

RNA

Proteins/Antigens

RNA

Specific target Tool

ORF1ab includes RdRp | Real Time PCR
E gene - Envelope
protein

Two targets on the ELISA/Antigen Tests
Spike protein
Nucleoprotein and CRISPR

E-protein

Comments

Gold standard.

High
sensitivity/specificity
Requires specialized
equipment and
expertise

Lower sensitivity
More false negatives

Requires specialized
equipment and
expertise

Highly sensitive and
specific



Molecular biologist and fishing

QBX

CATGCATCGACACTATGC

Created by Nicole Steffen
from Noun Project



PCR identifies and
copies a DNA molecule
using a bait.

RNA

'

DNA
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https://docs.google.com/file/d/1H_94QQvBKwQqmxJ0zif_VwPkR9QCm5YQ/preview

Strategies for testing for infection

Look for

RNA

Proteins/Antigenic
protein

RNA

Specific target Tool

ORF1ab includes RdRp | Real Time PCR
E gene - Envelope
protein

Two targets on the
Spike protein

ELISA/Antigen Tests

Nucleoprotein and CRISPR

E-protein

Comments

Gold standard.

High
sensitivity/specificity
Requires specialized
equipment and
expertise

Lower sensitivity
More false negatives
Can be adapted to
home use

Requires specialized
equipment and
expertise

Highly sensitive and
specific



Protein/Antigen tests

Lipid bilayer

Envelope glycoprotein (E)

Nucleoprotein (N) + RNA




Surface of the CoV-2 virus. A molecule of the spike protein is shown translucently to emphasize its complex spatial structure.
Credit: MPI f. Biophysics




Protein/Antigen
Test

Antibody = “bait: Su bstrate
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Direct ELISA

Rapid Antigen Detection (RAD)

Quick Strep Tests

Ovulation Predictor tests

Pregnancy Tests






J Clin Virol. 2020 Aug; 129: 104500. PMCID: PMC7278630
Published online 2020 Jun 8. doi: 10.1016/}.jcv.2020.104500 PMID: 32585619

Evaluation of rapid antigen test for detection of SARS-CoV-2 virus

Gannon CK Mak,” Peter KC Cheng, Stephen SY Lau, Kitty KY Wong, CS Lau, Edman TK Lam, Rickjason CW
Chan, and Dominic NC Tsang

» Author information * Article notes » Copyright and License information Disclaimer



Table 1

Comparison of RT-PCR, viral culture and rapid antigen detection (RAD) test for the limit of
detection of SARS-CoV-2 virus.

Test resultssa

Dilntionb RAD test, sample processing method(l for:
RT-PCR® Viral culture

less viscous samples viscous samples

10 ND ND POS NEG
1072 ND POS POS NEG
1077 ND POS NEG NEG
w? 2517 POS NEG NEG
107° 2847  POS NEG NEG
1076 31.08 NEG NEG ND

10-7 26 41 NEG ND ND



Strategies for testing for infection

Look for

RNA

Proteins/Antigenic
protein

RNA

Specific target Tool

ORF1ab includes RdRp | Real Time PCR
E gene - Envelope
protein

Two targets on the S
protein

ELISA/Antigen Tests

Nucleoprotein and CRISPR

E-protein

Comments

Gold standard.

High
sensitivity/specificity
Requires specialized
equipment and
expertise

Lower sensitivity
More false negatives
Can be adapted to
home use

Requires specialized
equipment and
expertise

Highly sensitive and
specific



Testing needs to be:

Rapid

Accurate

Sensitive
Accessible
Commensurate with
risk
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Complete data from COVID-19 testing sites in low-income areas, such as this one at Interbay Village in Seattle,
are crucial to fighting the pandemic. DAVID RYDER/REUTERS

‘Huge hole’ in COVID-19 testing data makes it harder to
study racial disparities

By Kelly Servick | Jul. 10,2020, 6:25 PM



COVID-19 not affecting all races equally in King County

In King County, some communities of color have been infected with the novel coronavirus at
higher rates than white people, according to a new analysis of public health data.

B Percent of King County COVID-19 cases
N Percent of King County population (2019)

CONFIRMED CASES
BY RACE/ETHNICITY CASES PER 100,000 RESIDENTS
: — 50.2% :
White [ B 55 7% ,, ,, White : 148.6
Black !10‘2% Black 327.6
W 6.4%
o I 23% o
Hispanic/Latino B 10% Hispanic/Latino 627.6
Asian B 13.2% Asian 154.5
117.2%
Native Hawaiian/ }2.2% Native Hawaiian/ 666
Pacific Islander |0.8% Pacific Islander
American Indian/ |0.7% American Indian/ 216.9
Alaska Native | 0.6% Alaska Native '
Other |0 5% NOTE: 1,936 (30.5%) cases Source: Public Health - Seattle & King County

" 6.2% are missing race/ethnicity MARK NOWLIN / THE SEATTLE TIMES



The race for a vaccine

Operation Warp Speed

K5



What features are desirable in a vaccine?



General Strategies for Vaccination
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Candidate Vaccines for SARS CoV-2 j%;@@

These three vaccines have support of Operation Warp Speed and are in phase three
clinical trials

e The University of Oxford and AstraZeneca’s AZD1222
e Moderna’s mRNA-1273

e Pfizer and BioNTech's BNT162b2



Oxford Vaccine

Replication deficient chimpanzee virus (adenovirus)

Causes common cold




STEP 2

The vaccine contains the chimpanzee adenovirusina
weakened and genetically modified form so it doesn't
infect humans and produces spike proteins

Chimpanzee adenovirus

STEP1
Genetic code of the coronavirus spike protein is identified

»

SARS-CoV-2

ChAdOx1 viral vector
O-
% Gene
Sequencing

°

ChAdOx1 nCov-19 vaccine

o



Moderna vaccine
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MRNA Platform: Enabling Drug Discovery & Development

The Science of mMRNA Our mRNA Platform Research Engine Early Development Engine Intellectual Property




About mRNA-1273, Moderna's Vaccine Candidate Against COVID-19
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Delivered in a lipid based nanoparticle
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RNA Vaccines

A completely novel and unproven technology

No RNA vaccines currently approved



Pfizer and BioNTech's BNT162b2

Another mRNA vaccine against the full length spike protein.




Do these vaccines meet the criteria for a successful
vaccine?



