
Therefore, the miner theory, lab incident 
theory, or intermediate host theory seem 
to be the more probable modes of origin 
of SARS-CoV-2 as evidence by

1. Homologous recombination, antigenic shift, 
and MERS-CoV furin cleavage site

2. Timeline and degree when compared to 
other mutations

3. Need for proximity or intentional 
intermingling

4. Over time mutations continue to produce 
increasingly pathogenic variants

The leading theory among many vocal experts 
throughout the COVID-19 pandemic has been that 
SARS-CoV-2 must have had a zoonotic origin. Using 
a study by Holmes et. al., we examine this viewpoint 
and compare it with other theories of origin and their 
likeliness of occuring. Finally, we examine SARS-CoV-
2 in the current day, and how mutagenesis has 
allowed it to become more pathogenic over time.
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Figure 1. Summary of infection pathway.

Figure adapted from US Senate interim report (2022)
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Mutations and Variants

Furin Cleavage Site Conclusion

It is unlikely that SARS-CoV-2 
developed from natural/random 
mutagenesis of SARS-CoV as 
evidence by

1. Low probability of 0.39% of SARS-CoV-2 
developing furin cleavage site similar to 
MERS-CoV on the nucleotide level without 
recombination with MERS-CoV (Kaina)

2. Modes of viral recombination within SARS- 
CoV-2 denote alteration of existing properties 
rather than emergence of nonspecific 
properties

Acknowledgements

We thank Dr. Dorothy Erie (University of North Carolina 
Chapel Hill) for assistance in this research.

References

(1) An Analysis of the Origins of the COVID-19 Pandemic Interim Report; U.S. Senate
Committee on Health Education, Labor and Pensions: Washington, DC, 2022.

__________________

sssss

Tom Dominic, Ricardo Hernandez, Kabir Pathak, Stephanie Simmons, Runxuan Yang

Most common cross-variant mutations:

● K417N/K417T - Decreases ACE2 binding, 
reduces antibody binding

● E484K/E484A - Increases ACE2 binding
● N501Y - Increases ACE2 binding, increases 

antibody binding
● L18F –  Reduces antibody binding

Figure 3. The genetic code and corresponding amino acids for 
residues 676 to 687 of the spike proteins for SARS-CoV-2 and MERS-
CoV

Probability of SARS-CoV-2 and MERS-CoV both 
having the genetic code:
● ACT for Thr 678: (0.25)(0.25) = 0.0625 or

6.25%
● CCT for Pro 681: (0.25)(0.25) = 0.0625 or

6.25%
●  Both ACT for Thr 678 and CCT for Pro 681: 

(0.0625)(0.0625) = 0.00390625 or
0.390625%

Figure 4. The receptor binding 
domain (RBD) of SARS-CoV-2 
shown in a ribbon diagram with 

Figure 5. The receptor binding 
domain (RBD) of the omicron 
variant bound to ACE2. All 
mutations that vary from the 

● Omicron contains mutations that 
stabilize the spike protein through 
hydrogen bonds
○ As a result, omicron doesn’t become 

floppy the way the earlier variants do
● More hydrogen bonds
● Omicron's electrostatic attraction to 

ACE2 is 3-5 times greater than delta's

● Two major ways the coronavirus can enter 
cells both start with grabbing ACE2.

○

○  TMPRSS2 (used in all previous 
variants)
Omicron takes a back door through a 
compartment inside the cell
membrane called an endosome.

● Goldilocks balance between being 

Infection of more than 1 
Segmented RNA viruses in 

host cell

Homologous Recombination

Antigenic Shift

New "chimera" virus

Recombination

Antigenic Drift is how 
different viral variants 

are created.
Accumulated

mutations in SARS- CoV-
2 strain that led to viable 

omicron and delta 
variants

Figure 2. Schematic of 
homologous recombination of 
segmented RNA viruses

Figure 1. Two modes of viral mutations that lead 
to different viral properties or a new virus all 
together
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Standardized Plasma microRNA Quantification Protocol for 
Thoracic Aortic Aneurysm Detection

Figure 5. Synthetic miR-39 (control) 
spike-in addition and microRNA 
specific cDNA generation.
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Researchers can account for potential sex-based variations in 
miRNA expression. The reference ranges can be further 
refined based on age groups if needed. Accurate miRNA 
quantification is crucial for:
➢ Identifying potential miRNA biomarkers for TAA diagnosis.
➢ Comparing miRNA expression in healthy vs. TAA 

individuals.
➢ Evaluating the role of miRNAs in TAA 

development/progression.

I thank Dr. Adam Akerman (University of North
Carolina Chapel Hill) for assistance in this research!

Table 1. Referent plasma microRNA levels in healthy people

RNA Isolation (B)

Figure 3. Small RNA Isolation from Plasma. microRNA is 
isolated according to the manufacturer’s instructions of 
the Qiagen miRNeasy Serum/Plasma Advanced Kit.

❖ Significantly lower or 
higher samples might 
indicate issues and 
should be excluded.

❖ Based on measured 
concentration, 
isolated miRNA is 
diluted to a 
standardized 
concentration for 
downstream analysis.

Figure 6. Droplet generation 
and microRNA specific PCR 
amplification

❖ TaqMan microRNA 
Reverse Transcription 
Kit.

❖ Two separate cDNA 
reactions are 
performed for each 
target miRNA:

❖ One reaction 
amplifies the target 
miRNA.

❖ Another reaction 
amplifies the miR-39 
spike-in.

❖ Reactions performed 
separately to avoid 
cross-reactivity.

Equation 1. Congruence transformation of a matrix of 
values to normalize miR-39 values.

Figure 4. Expected range of microRNA 
concentration in healthy individuals following 
isolation  quantified by the Qubit microRNA assay.

mRNA Quantification (C)

miRNA to cDNA Generation (D) ddPCR Amplification (E)
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Project Goal

Figure 2. Schematic diagram of the microRNA 
quantification workflow.

❑ Establish a standardized protocol for 
quantifying plasma microRNAs.

❖Corrects variations in miR-39 spike-in 
amounts.

❖Adjusts target miRNA measurements for 
consistent comparisons.

❖Accounts for well-to-well or plate-to-plate 

Figure 7. Schematic of ddPCR.

Aortic Wall Tension = (Pressure)  X  (Radius)

Radius

MicroRNAs (miRNAs), small non-coding molecules,
regulate translation and are in many pathological
processes. They have emerged as promising
biomarkers for diagnosis of conditions such as
aortic aneurysm disease. Quantifying miRNAs in
plasma is uniquely challenging due to the lack of
standardized reproducible protocols. I present a
comprehensive protocol for quantifying plasma
miRNAs using droplet digital PCR: blood collection,
plasma processing, cryo-storage, miRNA isolation,
reverse transcription, droplet generation, PCR
amplification, fluorescence reading, and data
analysis. To facilitate standardization in data
reporting, I demonstrate expected results and
provide a table of anticipated TAA-related miRNA
levels in healthy plasma. This protocol facilitates
standardization

making it being
flexible for lots
of diverse and
rare circulating
miRNAs. Thus,
this makes it
profitable for
TAA diagnoses,
where TAA is
defined as a
50% or greater
dilation of the
aortic wall.

Figure 1. Comparison of normal 
aortic wall tension vs. Thoracic 
Aortic Aneurysm. 
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