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No doubt you’ve heard of DNA. Short for deoxyribonucleic acid, this biochemical encodes the 
blueprints for making proteins. This code, common to all living things, exists as a sequence of 
nucleic acid building blocks called nucleotides. Although there are only four DNA nucleotides 
[adenine (A), thymine (T), guanine (G), and cytosine (C)], their unique sequences compose 20,000 
to 25,000 genes that make up the human genome.

Unlike cell-based life, most viruses don’t store their genetic information as DNA. Instead, these 
protein blueprints are encoded into another nucleic acid, RNA, or ribonucleic acid. Although RNA 
carries an analogous code, there’s a difference in one of the building blocks. The nucleotide 
thymine (T) found in DNA is replaced by its RNA equivalent, uracil (U).

SARS-CoV-2 is the virus that causes the disease COVID-19. Scientists classify this virus as a 
positive sense, single-stranded RNA virus. In scientific shorthand, that looks like this: (+)ssRNA 
virus. So, what does all this mean? Positive sense means that the embedded sequence of 
nucleotides can be read directly by a cell’s protein factories. In other words, the code is recognized 
“as is” by the ribosomes and used to direct the assembly of proteins. Single stranded identifies a 
code stored on only one strand, as opposed to some double stranded RNA virus blueprints, similar 
in geometry to the DNA double-helix.

The SARS-CoV-2 genome consists of nearly 30,000 nucleotides. Although twisted into a coil, the 
sequence is linear. In other words, the bases are lined up, one next to the other, forming a single 
strand. The beginning of the genome starts at the five prime (5’) end, and the code terminates at 
the three prime (3’) end. Sequences of nucleotides between these ends carry the code for making 
different proteins. 

In this activity, you will analyze models of a segment of the SARS-CoV-2 genome to develop an 
understanding of how it codes for proteins. 

An important part of scientific research is understanding the subject matter. Most likely, when you 
hear the word research you think of scientists conducting experiments in the lab or studying 
systems in the field. Both are valid examples of research. However, there’s another type of research 
that must occur before scientists can experiment. They must first find out as much as they can 
about their subject. They can visit websites, watch videos, and read science journal articles to 
learn more about their interests.



Procedure

1. The diagram below illustrates the single strand RNA genome of SARS-CoV-2. Use the diagram 
to answer the following questions. 

       

a.  What do the numbers (5K, 10K, etc.) located above the horizontal bar represent?

b.  How many proteins are identified in this illustration of the genome? Write down their names.

c.  Use print or online resources to explain the function of each protein identified in Question b.

d.  Beneath each of the profiled proteins is a range of numbers. What does this range represent?

e.  Based upon the stated range, which of these protein blueprints is encoded by the fewest         
     number of nucleotides? How many are needed?
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1. The diagram below illustrates a more complete model of the SARS-CoV-2 genome. Use the 
diagram to answer the following questions. 

       

a.  How many major groups of proteins are identified in the diagram? What are they? 

b.  Use print or online resources to describe the role of each of the protein groups identified in        
     Question a.

c.  Which of the structural proteins is not associated with the virus envelope? Conduct online 
     research to describe its location and explain its function. 

d.  Other than size, why do you think the accessory proteins are illustrated separately, and 
      divided into two bands?

e.  The sixteen non-structural proteins are not coded for by sixteen separate genes. Instead,         
      one long gene codes for this polyprotein. About how many nucleotides compose the 
      polyprotein gene?
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Transferring Knowledge

1. The central dogma of biology identifies a biochemical sequence essential to the manufacture 
of protein. It can be represented as      

DNA → RNA → protein

a.  During the manufacture of twenty-nine SARS-CoV-2 proteins, DNA is not involved. Explain how         
      it is possible to synthesize proteins and replicate viruses without DNA. 

b.  RNA replicase, which is necessary for the replication of SARS-CoV-2, is naturally absent in the        
      host cell. Explain its absence and essential role in virus replication.
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Claims, Evidence, and Reasoning 

Make a claim about the relevance of studying the genome of SARS-CoV-2. What evidence would 
you need to support this claim? Once you’ve gathered the data, use reasoning strategies to   
determine if your claim was valid. 

Claim

Evidence

Reasoning
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Time Required
45-60 minutes depending on amount of time to complete research

Objective
Students will analyze models of a segment of the SARS-CoV-2 genome to develop an 
understanding of how it codes for proteins.

Procedure

a.  They reference the nucleotide’s physical position along the length of the genome,   
      counting from the 5’ end. For example, 10K refers to the position on the code containing  
 the 10,000th nucleotide.

b.  There are three proteins shown in the diagram: 3CL-Protease, RNA Replicase, and the   
 Spike (S) protein.  

c.  3CL-Protease is an enzyme that cleaves the manufactured polyprotein into smaller   
     functional proteins.

     RNA replicase is an enzyme that assembles a complimentary strand of RNA based upon  
     an RNA template.

     The spike (S) protein is a structural protein that projects outward from the surface of the  
     viral envelope and plays a major role in the binding of the virus to the host cell membrane.

d.  The range represents the specific part of the genome, presented in nucleotide positions,  
 that codes for that protein.

e.  3CL-Protease. This protein code requires 922 nucleotides.

a.  There are three major groups of proteins shown in the diagram: non-structural proteins  
 (NSPs), structural proteins, and accessory proteins.

b.  NSPs have various roles in viral replication that range from protein manufacture to 
     blueprint copying.

     Structural proteins are part of the virus structure; most are embedded in envelope fabric;  
     and the largest, the spike protein, triggers the entry of virus into host cell.

     Accessory proteins have various roles in replication, including protecting the virus from  
     host response and aiding in replication.
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c.  The nucleocapsid (N) protein is found within the hollow created by the spherical envelope.        
 There, it binds and packages the RNA code into a coiled nucleocapsid structure.

d.  Based on the diagram, the code for some accessory proteins appears to overlap parts of   
 the genome that code for structural proteins as well as other accessory proteins.  

e.  About 21,000-22,000 nucleotides compose the non-structural protein.

     nsp5 is a protease that helps cleave this polyprotein into its component proteins. Without        
     its presence, the accelerated release of these proteins would not occur.

Transferring Knowledge

• a.  The genome of SARS-CoV-2 that is safeguarded within the virus particle is encoded as   
 RNA. When this viral RNA is released into a host cell, it travels directly to the ribosome.   
 There, it is “read” by the protein factory and used as a plan to assemble the virus proteins.   
 Since the viral RNA is never copied into a DNA analog, DNA is not part of the SARS-CoV-2   
 protein-making process.

      b.  The host cells adhere to the central dogma of biology. In this sequence from DNA to RNA   
 to protein, the RNA strand that has been transcribed from the DNA template is not 
 replicated. However, replication of RNA is essential to RNA viruses. RNA viruses must 
 replicate this nucleic acid code to produce new viruses. That is accomplished by the    
 enzyme RNA replicase. Therefore, the viral RNA has a section of code that directs the host   
 ribosomes to produce RNA replicase.

Claims, Evidence, and Reasoning 

Students’ claims will vary. Valid student responses may profile the development of treatments and/
or vaccines whose mechanics are based upon an understanding of the SARS-CoV-2 genome. For 
example, a claim may state that knowledge of sections of the spike protein code has led to the 
development of nucleic acid vaccines. Evidence might include successful trial results. Reasoning 
will solidify the conceptual relationship, supporting the association between genome knowledge 
and prevention of infection.
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