Old Dominion University/BIOL294-Genetics/Rinehart-Kim/SP21 COVID Assignment/25 points

Goals:  
1.	Understand the general replication and gene expression schemes for (+) RNA viruses
2.	Analyze gene expression of SARS-CoV-2
3.	Understand where in the genome the variants of concern have mutated

Questions to be answered are in red.
If you use a reference other than the one I have provided, please cite it according to the Nature citation method.


Virology Introduction
Viruses have either a double stranded (DS) DNA, single stranded (SS) DNA, DS RNA, or SS RNA genome.  SS RNA viruses can be (+) with a 5’ to 3’ RNA genome, or (-) with a 3’ to 5’ genome.
The following diagram outlines how RNA viruses replicate their nucleic acid and express their genes (make proteins).  Coronaviruses are a Class IV virus.
1. Give an example of each type of RNA virus according to the genome in the following diagram 	(Class III-VI).  For example, you can give coronavirus for Class IV.  (4 points)
Reovirus (III), Coronavirus (IV), Filovirus (V), HIV (VI)
2.  	What other viruses are Class IV viruses? Name at least two.  (1 point)
Norovirus and rhinovirus.
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Coronaviruses
There were coronaviruses before SARS appeared on the scene in 2003!  Refer to the following article:
https://www.the-scientist.com/news-opinion/a-brief-history-of-human-coronaviruses-67600
3.  	Write a short paragraph about the history of coronaviruses from its discovery until 2021.  (1 	point)
The family of coronaviruses was first discovered in the 1960s but were not studied much until the 2003 SARS outbreak. After the SARS outbreak, there was no found trace of where it spawned from, but that is when scientists were urged to search. They ended up finding other coronavirus species in people who were severely ill with pneumonias. When the virus is suspected to have transferred from a different species, it is more threatening than the more common varieties. This is the origin of the covid-19 species.
SARS-CoV-2 Genome and Structure
Go to the attached PDF entitled “A Structural View of SARS-CoV-2 RNA Replication Machinery” and refer to Section 2 and 3.1 and Figure 1.
4.  	What could be an advantage of being a virus with a genome that acts like mRNA?  (1 point)
Being an undetectable imposter that gets translated by ribosomes mistakenly by the host.
5.  	The virus does not have ribosomes.  How is the viral RNA going to be translated? (1 point)
It uses the ribosomes from the eukaryotic cells it infects.
6.  	What features on the genome are like eukaryotic mRNA? (1 point)
Comprised f the same nucleic acids, mostly protein coding, single stranded.
7.  	The genome also contains 5’ and 3’ untranslated regions.  What does that mean?  (1 point) (This is 	not a trick question and should be straight forward.  Look at the terminology.)
Regions that do not get translated into the final protein products.
8.  	The term polycistronic was introduced in genetics when comparing the gene expression of 	prokaryotes and eukaryotes.  The SARS-CoV-2 genome is described as polycistronic.  Define the 	term polycistronic. (1 point)
Polycistronic is an mRNA transcript that translated multiple proteins.
9.	What is an open reading frame?  (1 point)
It is the part of DNA that is open and can be translated.
10.  	What is a nonstructural protein?  (1 point)
A protein that the virus gives transcript for, but it does not contribute to the virus’ structure.
11.	How many nonstructural proteins does SARS-CoV-2 make?  (1 point)
16 nonstructural proteins.
12.  	How does the polyprotein 1ab become separate proteins? (1 point)
There are cleavage sites where the transcription of the protein ends, and protease separates it from the rest of the genome. 
13.  	What are some of the roles for the nonstructural proteins? (1 point)
These nonstructural proteins turn into the virus’ very own helicase and polymerases, smaller nonstructural proteins contribute to the machinery by acting as attachments similar to transcription factors for mRNA.
14.	When we recently discussed transduction in class, we talked about the ability of a bacteriophage 	stopping its host cell from gene expression.  What SARS-CoV-2 nonstructural protein stops host 	gene expression? (1 point)
Nsp1
15.  	What is a structural protein?  How many structural proteins does SARS-CoV-2 have? (1 point)
The structural proteins are the proteins that go into building the virus itself, such as its casing and spikes. There are 13 structural proteins.
16.	Refer to Figure 4 in the following article:  	https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194867/#:~:text=Coronaviruses%20(CoVs)%20	are%20a%20group,as%20they%20harbor%20the%20viruses.
	Name the structural proteins and describe where they are located in the virus. (4 points)
Membrane protein (goes through both sides of the membrane of the virus), Spike proteins (on the outer membrane), Nucleocapsid protein (on the inside of the membrane). 
17.	Referring back to the PDF entitled “A Structural View of SARS-CoV-2 Replication Machinery” 	(Figure 	1), we see 9 accessory factor coding regions at the 3’ end of the genome.  Refer to 	https://virologyj.biomedcentral.com/articles/10.1186/s12985-020-01402-1, Background (Information), 	paragraph 5.  What is the role of accessory factors or accessory proteins?  In your answer, 	address how necessary they are for the virus.  (1 point)
Accessory proteins play a role in the virus’ ability to spread from species to species. It appears to have no essential function at first, until it comes to the successful infection of a new animal. They were necessary and useful for the virus when it was able to successfully infect humans. 

SARS-CoV-2 Variants of Concern
Refer to:  https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/scientific-brief-emerging-variants.html; scroll down to “Emerging Variants”
Three variants of concern are UK B.1.1.7, South Africa B.1.351, and Brazil P.1
18.	What area of the genome has mutated for all three of these variants? Is this part of a 	nonstructural or a structural protein?  (1 point)
These variants have mutations at certain positions on their spike proteins, a structural protein of the virus’ body.
19.	Why is a mutation in the above area so important?  (1 point)
The mutation in spike protein is what can make the virus more of less dangerous. It enhances or inhibits its ability to spread and the mutations can even make the virus undetectable by those who have the vaccine. This also makes it resilient to antiviral therapies that were specialized for the non-mutated virus.

The following information is not necessary for this assignment, but might be of interest to you.
SARS-COV-2 “life” cycle:
https://www.nature.com/articles/s41579-020-00468-6#:~:text=1)%2C%20coronaviruses%20express%20and%20replicate,structures%20essential%20for%20RNA%20synthesis.
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