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Figure 2: Characterization of SARS-CoV-2 Spike-RBD functional evolution. A. Table of 
MM/PBSA binding energies between receptor binding domains of SARS-CoV2 evolutionary 
constructs and hACE2 receptor (note that lower energy indicates tighter binding). Blue cells 
indicate the presence of the ancestral (N0) state and green cells (with an “x”) indicate the 
presence of the SARS-CoV-2 state (N1) at a given position. Two values are present for 
constructs with an ancestral (N0) state at position 498 (which reflect the ambiguity of its 
ancestral reconstruction), corresponding to h498 and y498 from left to right. Energies are shown 
as the mean of three replicate simulations with SEM indicated in parenthesis. B. Relative effect 
of changes in SARS-CoV-2 receptor binding domain from ancestral (N0) to SARS-CoV-2 (N1) 
state on MM/PBSA binding energies. Size of spheres indicate the relative magnitude, with red 
spheres indicating decreased binding affinity and blue indicating increased binding affinity. 
Values are averaged for h498 and y498 states (both raw values shown in parentheses). C. 
Schematic of two possible evolutionary scenarios stemming from the observed evolutionary 
SARS-CoV-2 Spike-RBD function. In Scenario 1, it is postulated that a zoonotic ancestral 
SARS-CoV-2 strain possessed the ability to effectively bind hACE2 but was unable to 
effectively enter human cells, requiring the presence of subsequent mutations to infect humans. 
In Scenario 2, an ancestral SARS-CoV-2 strain was actively infecting humans prior to the 
outbreak at low levels, thus escaping public health detection until subsequent mutations lead to 
increased infectivity and/or severity.  
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Supplementary Figure 1: Phylogenetic reconstruction of family that includes SARS-CoV-2. 
Phylogenies were constructed using whole genome sequencing data from a series of known 
coronaviruses. The two closest relatives to SARS-CoV-2 are highlighted in red and sequence 
identities are specified. A. Displays phylogeny of 25 whole genomes of related coronaviruses 
represented as a horizontal cladogram, with sequence identities compared to RaTG13 and 
Pangolin CoV genomes specified. B. Phylogenetic reconstruction of 127 RdRp sequences 
represented as a circular cladogram, including a larger number of related coronavirus sequences. 
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Supplementary Figure 2: RMSD of simulation data used for energy calculations. Root-
mean-square deviation (RMSD) is shown for simulation window that was used to calculate 
complex binding energy. Note that the Spike-RBD maintains a consistent stable configuration at 
the interface with hACE2, suggesting our energy calculations can be safely compared across 
simulations and that higher random stochasticity should not be a confounding factor. 

  

.CC-BY-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted June 23, 2020. ; https://doi.org/10.1101/2020.06.22.165787doi: bioRxiv preprint 

https://doi.org/10.1101/2020.06.22.165787
http://creativecommons.org/licenses/by-nd/4.0/


   23 

 

Supplementary Table 1: Frequency of genomic variants across SARS-CoV-2 infections. 
Each noted variant that differs from the SARS-CoV-2 reference genome sequence is compiled, 
counted, and its frequency across human infections measured here is indicated, as well as the 
type of polymorphism and its potential impact on a protein-coding sequence. 

  

  Number of Sequences   
ORF PosiƟon Raw Count Percentage SNP MutaƟon Type 
1a 794 52 10.9 C>T Missense  

1132 25 5.22 G>A Missense  
2772 216 45.1 C>T Silent  
8517 95 19.8 C>T Silent  

10818 77 16.1 G>T Missense 
1b 14398 215 44.9 C>T Missense  

14795 38 7.93 C>T Silent  
17737 24 5.01 C>T Missense  
17848 28 5.84 A>G Missense  
18050 30 6.26 C>T Silent 

S 23393 215 44.9 A>G Missense 
3a 23753 61 12.7 G>T Missense  

24334 59 12.3 G>T Missense 
M 27036 24 5.01 C>T Missense 
8 28134 91 19.0 T>C Missense 
N 28678 25 5.22 T>C Silent 
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Supplementary Table 2: Statistical confidence of ancestral sequence reconstructions for 
positions that vary between N0 and N1. Ancestral sequence reconstruction was assessed via 
computed posterior probability for each reconstructed state at each position in the sequence. The 
posterior probability for each reconstructed state at the four key positions that vary between N0 
and N1 is shown, as calculated by two independent software packages (FastML and GRASP).  

  

 

FastML reconstrucƟons GRASP reconstrucƟons 

PosiƟon N0 ConĮdence N1 ConĮdence N0 ConĮdence N1 ConĮdence 

346 T 0.94 R 1 T 0.99 R 1 

372 T 0.97 A 1 T 0.91 A 1 

498 H/Y 0.3/0.61 Q 1 H/Y 0.48/0.40 Q 1 

519 N 0.98 H 1 N 0.94 H 1 
 

 

.CC-BY-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted June 23, 2020. ; https://doi.org/10.1101/2020.06.22.165787doi: bioRxiv preprint 

https://doi.org/10.1101/2020.06.22.165787
http://creativecommons.org/licenses/by-nd/4.0/


   25 

 

 Number of Sequences Average Age of Sequenced PaƟĞnts 
Country Male Female Unknown All Male Female Unknown All 
Algeria 1 1 0 2 97.0 28.0 N/A 62.5 

Australia 11 15 1 27 38.5 36.0 N/A 37.1 
Belgium 14 9 0 23 40.6 54.2 N/A 45.9 

Brazil 5 3 0 8 37.0 29.0 N/A 34.0 
Cambodia 1 0 0 1 60.0 N/A N/A 60.0 

Canada 10 7 0 17 64.5 54.7 N/A 60.5 
Chile 4 3 0 7 30.5 43.0 N/A 35.9 
China 29 7 7 43 48.9 47.7 N/A 48.7 
Congo 3 2 0 5 45.0 28.5 N/A 38.4 

Czech Rep 1 0 0 1 44.0 N/A N/A 44.0 
Denmark 4 1 0 5 40.5 21.0 N/A 36.6 
Finland 4 4 0 8 67.3 38.3 N/A 52.8 
France 17 11 3 31 62.0 63.2 56.0 61.8 

Georgia 8 2 0 10 39.9 40.0 N/A 39.9 
Germany 1 1 9 11 N/A 38.0 N/A 38.0 
Greece 0 0 1 1 N/A N/A N/A N/A 

Hong Kong 10 11 0 21 57.3 51.3 N/A 54.1 
Hungary 2 1 0 3 26.5 26.0 N/A 26.3 
Iceland 5 13 0 18 44.4 46.8 N/A 46.1 

India 1 0 0 1 23.0 N/A N/A 23.0 
Ireland 2 2 0 4 54.0 25.5 N/A 39.8 

Italy 9 2 0 11 56.0 72.5 N/A 59.0 
Japan 1 2 8 11 60.0 62.0 N/A 61.3 

Kuwait 0 0 1 1 N/A N/A N/A N/A 
Luxembourg 0 1 1 2 N/A 32.0 N/A 32.0 

Malaysia 1 2 0 3 11.0 40.0 N/A 30.3 
Mexico 1 0 0 1 35.0 N/A N/A 35.0 
Nepal 1 0 0 1 32.0 N/A N/A 32.0 

Netherlands 0 0 14 14 N/A N/A N/A N/A 
New Zealand 1 2 0 3 N/A 60.0 N/A 60.0 

Norway 0 0 6 6 N/A N/A N/A N/A 
Pakistan 0 1 0 1 N/A 40.0 N/A 40.0 
Panama 0 1 0 1 N/A 40.0 N/A 40.0 

Peru 0 1 0 1 N/A 61.0 N/A 61.0 
Poland 1 0 0 1 66.0 N/A N/A 66.0 

Portugal 10 4 1 15 32.3 34.5 N/A 33.1 
Russia 0 1 0 1 N/A 30.0 N/A 30.0 

Saudi Arabia 1 1 0 2 68.0 67.0 N/A 67.5 
Senegal 5 2 0 7 44.4 55.0 N/A 47.4 

Singapore 8 4 0 12 45.7 44.5 N/A 45.2 
Slovakia 1 1 0 2 26.0 59.0 N/A 42.5 

South Africa 1 0 0 1 38.0 N/A N/A 38.0 
South Korea 4 0 2 6 46.3 N/A N/A 46.3 

Spain 13 3 0 16 61.5 47.7 N/A 58.9 
Sweden 0 0 1 1 N/A N/A N/A N/A 

Switzerland 2 0 9 11 49.0 N/A 50.2 50.0 
Taiwan 4 10 0 14 52.0 56.2 N/A 55.0 

Thailand 0 1 0 1 N/A 74.0 N/A 74.0 
UK 17 12 0 29 55.2 50.6 N/A 53.4 

USA 7 8 38 53 38.7 52.0 N/A 45.8 
Vietnam 1 2 1 4 50.0 57.0 N/A 54.7 

All Countries 222 154 103 479 49.1 47.8 51.7 48.7 
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Supplementary Table 3: Sources of all SARS-CoV-2 genome sequences. Each genome 
sequence analyzed from SARS-CoV-2 infection cases are detailed according to geographic 
region of origin, as well as potentially relevant patient meta-data. 
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