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Nucleic Acid – DNA v RNA

• Nucleic acid of an organism can 

either be RNA or DNA

• RNA is more unstable and more 

likely to accumulate mutations

• Molecular tests can identify the 

presence of nucleic acid even if a 

viable organism is not present 



Mutations

• Point Mutation (Change a single nucleotide to a different nucleotide)

▫ Silent (no change) The cat chased the ball around the house.

▫ Missense (changes the outcome) The cat chased the ball around the mouse.

▫ Nonsense (will result in early stop) The cat chased.

• Frameshift Mutation (Addition or Deletion of Nucleotides)

▫ Addition (adds nucleotides) The cat of chased the ball around the house.

▫ Deletion (removes nucleotides) The cat chased the around the house.

The cat chased the ball around the house.



Whole Genome Sequencing Process – Pure Isolate
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Whole Genome Sequencing Process – SARS-CoV-2
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1 box set = 1,084,440 words
~ 5,442,200 letters (5 letters/wd avg)



WGS Pipeline

Torstern Seeman

Now what?
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Healthline.org, JL Gardy & NJ Loman, Nature Review Genetics 2018, CDC



Using Mutations to Examine Relatedness

• We can use the mutations that are generated to build trees that allow us to 

examine how related to isolates may be

• The blue mutation is shared by all isolates and allows us to hypothesize that it 

was the first mutation to occur

nextstrain.org



Overlaying 

Epidemiological 

and Genomic 

Data

Lam et al. (2020)



SARS-CoV-2 Specifics



SARS-CoV-2 • RNA viruses infect human 

(and other eukaryotic) cells 

because they lack the ability to 

replicate themselves

• The RNA polymerase is 

highly error prone and can 

result in mutations in the 

genome

• Most mutations will not affect 

the virus due to:

▫Redundancy in genetic code

▫No longer viable virus

▫Slight change in protein

RNA

RNA polymerase



SARS-CoV-2 Genome

• 4 main structural proteins that 

are highly related based on 

sequence similarity to SARS-

CoV-2 and MERS

▫ S: spike

▫ N: Nucleocapsid

▫ E: Envelope

▫ M: Membrane

• 11 protein coding genes and 12 

expressed proteins

• ORF1a and ORF1ab –

replication and protein 

modification
Alanagreh et al (2020) Pathogens



SARS-CoV-2 

• Origin is hypothesized to be bat or pangolin 

coronavirus

• 89% sequence identity to other coronaviruses

• Common cold coronaviruses highlighted in red

• Uniqueness made it hard to identify genomic 

material for reference and positive control at the 

start of the pandemic
229E
NL63

OC43

HKU1

MERS

Adapted from Zhang et al (2020) Current Biology.



Clades (Typing)

• Differences in clade classification may have 

varying levels of discrimination among isolates

• Each clade is characterized by specific 

mutations

Nextclade/Nextstrain Pangolin





Clades

1.A clade reaches >20% 

global frequency for 2 or 

more months

2.A clade reaches >30% 

regional frequency for 2 or 

more months

3.A VOC (‘variant of 

concern’) is recognized 

(applies currently to 

501Y.V1 and 501Y.V2)



Clades in Michigan 



10,000 ft view of Michigan
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Variants of Concern
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Other Variants

• Spike 614G – March 2020

Nextstrain

https://nextstrain.org/ncov/global/2020-05-14?animate=2019-11-27,2020-05-12,1,0,15000&c=gt-S_614&d=map&gmax=25778&gmin=21082&p=full


CMS Guidance for SARS-CoV-2 Sequencing

• De-identified samples

• Report to Public Health only

• Validated test

• Reports do not go back to 

patients or providers for clinical 

care use



SARS-CoV-2 Variants of Concern Community Spread

MDHHS identified the first case of B.1.1.7 in Washtenaw County on January 16th | 
B.1.351 in Jackson County on March 8th | P.1 in Bay County on March 30th



B.1.1.7 Distribution by Public Health Preparedness Region



B.1.351 Distribution by Public Health Preparedness Region



P.1 Distribution by Public Health Preparedness Region



B.1.427/B.1.429 Distribution by Public Health Preparedness Region

As of 4-17-21
Confirmed 

B.1.427/B.1.429

Total 78



SARS-CoV-2 Variants of Concern Current Status



SARS-CoV-2 Variants of Concern Forecast

Data modeling indicates that B.1.1.7 variant cases will likely continue to increase in Michigan for the near 
future, while other variants of concern (B.1.351, P.1, B.1.427/B.1.429) have insufficient data to enable 
forecasting at this time
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