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3G1 Lab  
Design of a COVID-19 Test and Vaccine 

 

Section 1  

Q1.  

The spike protein is exposed to the immune system and is the target of the antibodies generated 

from vaccination. Therefore, in order for the virus to keep utilizing the spike protein in binding to the 

ACE2 receptor on human cells to gain access, the protein is under a strong selection pressure. In 

other words, viruses with spike proteins targeted by vaccination will not be able to enter cell and 

replicate. Only viruses with mutated spike proteins that can evade antibodies from vaccination can 

infect and replicate, causing an increasing proportion of viruses to have a different spike protein 

over time. This change in antigen (spike protein) is driven by the underlying genetic changes. Should 

the recommended test be designed for the sequence for the Spike gene, because the Spike gene 

sequence will change over time, its flanking region that the PCR primers bind to will also change over 

time. This causes the PCR primers to have lower affinity to the genetic sequence and cause its utility 

to decrease over time.  

 

Q2. 

There is very little non-coding genic DNA or intergenic DNA.  

Viruses also encode polyproteins that can be cleaved to produce many polypeptides, as a way to 

reduce genome size. This is not reflected in the SARS-CoV-2 virus possibly because the virus has not 

been thoroughly studied.  

 

Q3 

Coronavirus is a single-strand RNA virus but what is displayed is double-strand DNA.  

DNA is displayed because even RNA viruses’ genome are deposited as DNA as a convention.  

Benchling automatically displayed the complementary strand for single-strand genome.  

 

Q4 

Since Dec 2020, The P variant showed an overwhelming majority until the H variant increases to 

about half in April – May 2021. Since then till now (Nov 2021), R became the majority as P and H 

diminishes.  

 

R may have better access to the ACE2 receptor and can enter and infect the cell more easily. The 

proportion of R may also increase due to the herd immunity first against P, then against both P and 

H. R may be one reason why the delta variant is more infectious.  
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Q5 

S CDS starts from 21563 and ends at 25384, with 25384 – 21563 + 1 = 3822 bases.  

Sustainability: To design 400-1000 base, I would like to choose the hydrophobic region of the spike 

protein because it is more likely to be inside – not likely to be the target of antibodies and less 

selection pressure. I also would like to choose the less variable region, as seen from nextstrain.org) 

and the region chosen is from base 22100 – 22900.  

 

Practicality of primer: The region should not have very high GC content (e.g. CpG islands) for easy 

amplification and the flanking region should have appropriate melting temperature and GC content: 

40-60 degrees Tm and 40-60% GC content ideally but there could be variations accommodated 

through modifying PCR conditions.  

 

Primer Design 

 

Figure 1. Forward primer details for Section 1 

 

Figure 2. Reverse primer details for Section 1 

 

forward 
CCAGTTCTAGAAAGAGGAGAAATACTAGATGTTTGTTTTTCTTGTTTTATTGCCACTAGTCT 

reverse 
TTCTCTGCAGCACCAGCTGT 

 

Q6 
molecular mass of a single nucleotide monomer is 330 dal  

molecular mass of 1000 nucleotide bases is 330k dal  
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the molecular mass of 1000 base pairs will be 660k dal  

 

b)  

1 nanomole of monomer = 330 nanogram  

1 picomole of monomer = 330 picogram  

1 picomole of 1000 bases fragment = 330k picogram = 330 nanogram  

1 picomole of 1000 base pair fragment = 660 nanogram  

 

c)  

1 picomole = 10^-12 mole = 10^-12 x 6.02x10^23 = 602000000000 = 6.02 × 10^11 (monomers) 

 

Q7 
2^x = 6.02 × 10^11 

x = log2(6.02 × 10^11)  

x= 39.1 

ceil(39.1) = 40 

so it requires 40 cycles  

 

Q8 
The primer that anneals to the coding strand should be used to prime the reverse transcription, 

which is usually the reverse strand.  

In the specific case of the coronavirus, it depends on whether the top or the bottom strand 

displayed in Benchling is the coding strand. It is likely to be the top strand given that the coronavirus 

is a positive single-strand RNA virus. Thus, in this case, it is the reverse primer.  

 

Q9 
Set up a positive control with RNase P at the same time by performing a PCR on RNase P and 

detecting it through electrophoresis. If the reaction is set up properly (i.e. swabs, RNA extraction and 

reagents are working), RNase P product should be present.  

 

Q10 
Put PCR primers, buffer, polymerase and other PCR reagents (e.g. salt) into a tube without the viral 

template. If the non-template control tube has PCR products (e.g. seen in electrophoresis), there is 

contamination is other PCR reagents.  
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Section 2 

Q11 
Kanamycin 

 

Q12 
2 PstI cut site  

 

Figure 3. PstI sites in the spike protein gene 

 

Q13 
phase 0  

 

Q14 
phase 0. Therefore, it is in phase with the first PstI site in question 13  
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Primer design  

 

Figure 4. Forward primer for Section 2 

Forward primer sequence: 

CCAGTTCTAGAAAGAGGAGAAATACTAGATGTTTGTTTTTCTTGTTTTATTGCCACTAGTCT 
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Figure 5. Reverse primer for Section 2 

Reverse primer sequence:  

TTCTCTGCAGCACCAGCTGT 

Q15 

 

Figure 6. Screenshot for SacB-containing XbaI-PsTI fragment 
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Figure 7. Result of enzymatic digestion 

 

It is the shorter fragment with length of 1961 base pairs 

 

Q16 
811 bases 

 

Figure 8. Result of enzymatic digestion 

Q17 
Steps involved were outlined below. Detailed descriptions of each step are available in the Appendix: 

PCR:  

Amplify the spike protein gene from the supplied plasmid using PCR primers designed as above. The 

PCR follows a three-step (denaturation, annealing, extension) thermocycling where the gene 

fragment is amplified exponentially.  

Restriction enzyme digestion:  

XbaI and PstI restriction enzymes are put in the PCR product. The enzymes will cut the gene 

fragment to generate three fragments as in Figure.8. The desired fragment will have ends as XbaI 

and PstI and will be the longest digestion product.  

pNIC-CTHF plasmids will also be put with the restriction enzyme in a separate tube. This will not 

change its size.  
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Ligation: 

Product from restriction enzyme digestion will be left with digested plasmid. The longest digestion 

product will result in the longest ligation product and it is the desired one.  

Gel electrophoresis:  

In gel electrophoresis, the desired ligation product will be the longest so it will move slowest in gel 

i.e. it will be nearest to the well. It will 811 bp longer than the parent vector. This can be observed 

from the ladder that is usually loaded in the first well of the gel.  

Q18 
With 6 histidine residues at the C-terminus, the translated protein will have a H6 tag that binds to 

nickel-agarose beads when passing through a column with other cell extracts. The proteins will be 

captured in the column until a TEV protease is used to cleave the expressed protein off the histidine 

tag and result in purified protein. Alternatively, a competitive ligand such as imidazole histidine to 

release the protein. 

 

Q19 
789 bases 

789 / 3 = 263 amino acids  

 

Figure 9. Screenshot of the PstI site with length at the bottom 

 

Q20 
It is at the start of the coding gene and therefore it is displayed in blue in the right-hand panel as the 

N terminal. When analysed together with the Figure 1 of 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7474903, it is found to be outside the membrane 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7474903


Tim Liu  3G1 Lab 

9 
 

and the spike protein S1. Therefore, it is likely to be prominently exposed. 

 

Figure 10. Screenshot of the protein on SwissModel 

 

Q21 
It will simplify the initial process because only one enzyme – the XbaI enzyme – will be needed.  

However, as the two ends of the digestion product is the same, the direction of insertion will be 

uncertain.  

Therefore, after ligation, we can distinguish the two plasmids by using two restriction enzymes (A 

and B) - A with a single site on the PCR fragment and B with a single site at the plasmid. Assuming 

that when the PCR fragment is inserted in the right orientation, the 3’ end of the PCR fragment will 

be closer to the A, and assuming that B is near the 5’ tail of the PCR fragment. As a result, when 

ligated at the right orientation, the restriction site of this digestion will result in two fragments, with 

the smaller fragment containing most of the PCR fragment, therefore longer than the smaller 

fragment from the digestion of the plasmid with inverse insertion. A figure below is used to illustrate 

the point.  
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Figure 11. Differentiate direction of insertion 

Q22 
Pangolin coronavirus. As compared to other viruses, the pangolin coronavirus share the highest 

number of residues involved in ACE2 binding with SARS-CoV-2 virus. The difference in non-binding 

residue is also small (only one found at site 498) and is unlikely to affect its infectious property.   

Q23 
There are many EcoRI sites in the viral genome, which makes utilizing the EcoRI site for genetic 

engineering very unlikely because it may lead to unwanted digestion and uncontrolled insertion.  

Appendix  
Description of molecular techniques: 

Polymerase chain reaction: 

A three-step thermocycling where a heat stable polymerase (e.g. Taq) is placed in a tube with DNA, 

buffer, nucleotides, primers to amplify the region of interest flanked by primers.  

Restriction enzyme digestion: 

Restriction enzymes are bacteria’s “immune system” and can recognise a specific restriction site and 

cut through the molecule of interest.  

Ligation: 

The product of restriction enzyme digestion are mixed and the ends cut by the same restriction 

enzyme will come together through a stochastic process and complementary bases will form 

hydrogen bonds. Phosphodiester bond will be formed by nucleophilic attack.  
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Gel electrophoresis: 

In gel electrophoresis, negatively charged molecules such as DNA are attracted to the positive end of 

the electrical field at the other end of a porous gel. The larger the molecule, the slower the 

movement. This technique can separate molecules out by size. Molecules can be visualised through 

dyes such as ethidium bromide.  


