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Coronaviruses

• Single strand RNA+ viruses
• genome around 30 kbp (one of the biggest viral genomes)
• so far 6+1 human coronaviruses:

• genus: Alphacoronavirus, species  HCoV-229E a HCoV-NL63
• genus: Betacoronavirus, species HCoV-OC43 a HCoV-HKU1

• East respiratory syndrome-related coronavirus (MERS-CoV)
• subgenus: Sarbecovirus severe acute respiratory syndrome-related coronavirus

• SARS-CoV
• SARS-CoV-2









Genomic structure of SARS-CoV-2



Genomic structure of SARS-CoV-2



https://zhanggroup.org//COVID-19/



Spike gene and protein

Wrapp D et al, Science 2020



Mutational speed (~ 25/year)



Mutations in SARS-CoV-2
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Naming convention of AA changes

S:N501Y
• protein S 
• aminoacid asparagin
• position 501 in protein
• change to tyrosin



and nucleotide

https://codon2nucleotide.theo.io/https://covariants.org/variants/

Mutation Information
● S:N501 has appeared multiple times independently: each can be 

associated with different accompanying mutations
● Amino-acid changes are S:N501Y (nucleotide mutation A23063T), 

S:N501T (nucleotide mutation A23064C), and S:N501S (nucleotide 
mutation A23064G)



How we name variants (Pango, Nextstrain)



Other naming schemes



Amplicon sequencing
Primer design

Clustering

Merge Assembly

ConsensusAmplicon sequencing



Amplicon sequencing

DOI:10.1093/biomethods/bpaa014



Comparison of most important variants



Spread of variants in space and time
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What variants do we have in Czechia?
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Mutation N501Y 



Q677 mutation



Antibody binding sites on Spike protein



Variant comparison

https://doi.org/10.1101/2022.01.03.21268582



genetic and immuno relationship

ttps://doi.org/10.1101/2022.01.03.21268582
https://nextstrain.org



Adaptive evolution in influenza



Influenza subtypes in time



Adaptive evolution is coronaviruses

eLife 2021;10:e64509 DOI: 10.7554/eLife.64509



Antibody neutralization of omicron

Rossler et al SARS-CoV-2 Omicron Variant Neutralization in Serum from Vaccinated and 
Convalescent Persons, NEJM, January 12, 2022, DOI: 10.1056/NEJMc2119236



New omicron subvariants

USA https://covid.cdc.gov/covid-data-tracker/#variant-proportions SA Tulio de Oliveira, CERI



Recombinants



Future

Three possible scenarios

• Current dominant strain (omicron) slowly evolving 
(Influenza A model)

• Two strains (omicron, delta) periodically dominant 
(Influenza B model)

• New variant of different serotype (SARS model)



Mutations associated with fitness









Most significant substitutions
Rank Gene Substitution Fold increase in fitness Lineages
1 S H655Y 1.051 33
2 S T95I 1.046 30
3 ORF1a P3395H 1.039 5
4 S N764K 1.04 6
5 ORF1a K856R 1.039 2
6 S S371L 1.041 3
7 E T9I 1.04 5
8 S Q954H 1.04 5
9 ORF9b P10S 1.039 25
10 S L981F 1.04 2
11 N P13L 1.04 25
12 S G339D 1.039 4
13 S S375F 1.04 5
14 S S477N 1.039 47
15 S N679K 1.04 11
16 S S373P 1.04 5
17 M Q19E 1.039 5
18 S D796Y 1.038 11
19 S N969K 1.04 5
20 S T547K 1.038 3





Spike changes



Aquaria covid resource



Important mutations in N protein



N:P13L



Comparison of Mpro mutants

• (a) X-ray co-crystal structure of SARS-CoV-2 Mpro in complex with nirmatrelvir (NTV) (PDB: 7RFW). The 
sites of mutations (red) and the catalytic dyad (blue) in the two protomers (green) are indicated. 

• (b) List of prevalent Mpro mutations and their corresponding SARS-CoV-2 lineage.



Mutations in long term infection
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More information about the project: http://www.szu.cz/ecdc-1
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