


1977 Sequencing of ΦX174 - Sanger

Took four years!5,386 nucleotide 
long sequence



10th January 2020 - The first novel coronavirus 
genome sequence (~29,000 nt) was made 
publicly available 

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



Monday 09/07



Wednesday 09/16





What type of genome does 
SARS CoV-2 have?



Single 
Stranded RNA 

genome  



The Central Dogma of Molecular Biology

DNA

replication

RNA Protein

RNA-dependent RNA 
polymerase (RdRps)



RdRp - RNA dependent RNA Polymerase



Viral spike protein binds to 
the cellular ACE2 protein

SARS CoV-2 Replication in a Cell



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



Strategies for testing for infection

Look for Specific target Tool Comments

RNA ORF1ab includes RdRp
E gene - Envelope 
protein

Real Time PCR Gold standard.
High 
sensitivity/specificity
Requires specialized 
equipment and 
expertise

Proteins/Antigens Two targets on the 
Spike protein

ELISA/Antigen Tests Lower sensitivity
More false negatives

RNA Nucleoprotein and 
E-protein

CRISPR Requires specialized 
equipment and 
expertise
Highly sensitive and 
specific



Molecular biologist and fishing

GTACGTAGCTGTGATACG
CATGCATCGACACTATGC



PCR identifies and 
copies a DNA molecule 

using a bait.

RNA

DNA



● Real Time PCR track the exponential 
accumulation of product 

● Quantitative and sensitive









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


Strategies for testing for infection
Look for Specific target Tool Comments

RNA ORF1ab includes RdRp
E gene - Envelope 
protein

Real Time PCR Gold standard.
High 
sensitivity/specificity
Requires specialized 
equipment and 
expertise

Proteins/Antigenic 
protein

Two targets on the 
Spike protein

ELISA/Antigen Tests Lower sensitivity
More false negatives
Can be adapted to 
home use

RNA Nucleoprotein and 
E-protein

CRISPR Requires specialized 
equipment and 
expertise
Highly sensitive and 
specific



Protein/Antigen tests 



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

Rapid Antigen Detection (RAD)

● Quick Strep Tests

● Ovulation Predictor tests

● Pregnancy Tests

no amplification step!

Antibody = “bait:









Strategies for testing for infection
Look for Specific target Tool Comments

RNA ORF1ab includes RdRp
E gene - Envelope 
protein

Real Time PCR Gold standard.
High 
sensitivity/specificity
Requires specialized 
equipment and 
expertise

Proteins/Antigenic 
protein

Two targets on the S 
protein

ELISA/Antigen Tests Lower sensitivity
More false negatives
Can be adapted to 
home use

RNA Nucleoprotein and 
E-protein

CRISPR Requires specialized 
equipment and 
expertise
Highly sensitive and 
specific



Testing needs to be:

● Rapid
● Accurate 
● Sensitive
● Accessible
● Commensurate with 

risk





The race for a vaccine

Operation Warp Speed



What features are desirable in a vaccine?



General Strategies for Vaccination



Candidate Vaccines for SARS CoV-2 

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

●

●

●



Replication deficient chimpanzee virus (adenovirus)

Causes common cold

Oxford Vaccine





Moderna vaccine





Delivered in a lipid based nanoparticle



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?


