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ABSTRACT 
Ever since the breakout of COVID-19 disease, ceaseless genomic research to inspect the                         
epidemiology and evolution of the pathogen has been undertaken globally. Large scale viral                         
genome sequencing and analysis have uncovered the functional impact of numerous genetic                       
variants in disease pathogenesis and transmission. Emerging evidence of mutations in spike                       
protein domains escaping antibody neutralization is reported. We have a precise collation of                         
manually curated variants in SARS-CoV-2 from literature with potential escape mechanisms                     
from a range of neutralizing antibodies. This comprehensive repository encompasses a total of                         
532 variants accounting for 146 unique variants tested against 75 antibodies and patient                         
con​valescent plasma​. This resource enables the user to gain access to an extensive annotation                           
of SARS-CoV-2 escape mutations which we hope would contribute to exploring and                       
understanding the underlying mechanisms of immune response against the pathogen. The                     
resource is available at ​http://clingen.igib.res.in/esc/​.  
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INTRODUCTION 
 
Genomics approaches have been instrumental in understanding the origin and evolution of                       
SARS-CoV-2, the causative agent for the COVID-19 pandemic ​(Zhang and Holmes, 2020)​.                       
Availability of the genome sequence of one of the earliest SARS-CoV-2 genomes from Wuhan                           
province ​(Tang et al., 2020) ​and high throughput approaches to resequence and analyse viral                           
genomes have facilitated the availability of numerous open genomic data sharing initiatives by                         
the researchers worldwide. Pioneering public sources like GenBank ​(GenBank Overview) and                     
Global Initiative on Sharing all Influenza Data (GISAID) ​(Shu and McCauley, 2017) ​provide access                           
to systematically organized genomes and genomic data of SARS-CoV-2. The China National                       
GeneBank DataBase (CNGBdb) ​(Chen et al., 2020)​, Genome Warehouse (GWH) ​(Genome                     
Warehouse) and Virus Pathogen Resource (ViPR) ​(Pickett et al., 2012) are few other resources                           
which provide access to viral genomes and perform analyses on phylogeny, sequence similarity                         
and genomic variants.  
 
There has been a significant interest in recent times in understanding the functional impact of                             
genetic variants in SARS-CoV-2 apart from exploring the genetic epidemiology. D614G variant                       
in Spike protein has been one the earliest and prominent examples with potential implications                           
associated with the infectivity of the virus ​(Korber et al., 2020)​. ​Studies explaining the possible                             
impact of SARS-CoV-2 variants in diagnostic primers and probes ​(Jain et al., 2020) ​have                           
augmented the importance of analysing the variations in the pathogen and their underlying role                           
in disease pathogenesis. Various resources have been made available to help comprehend the                         
virus better and also to understand its evolution. Public sources exclusively documenting                       
functionally relevant SARS-CoV-2 variants based on literature evidence are also available                     
(Rophina et al.)​.  
 
With the advent of therapies including monoclonal antibodies, convalescent plasma as well as                         
the recent availability of vaccines have accelerated interest in genetic variants which could                         
affect the efficacy of such modalities of therapy. The targeting of spike proteins by                           
broad-neutralizing antibodies against SARS-CoV-2 offers a potential means of treating and                     
preventing further infections of COVID-19 ​(Jiang et al., 2020)​. Evidence on immunodominant                       
epitopes with significantly higher response rates have also been reported ​(Farrera-Soler et al.,                         
2020)​. Antibody response to SARS-CoV-2 is one of the key immune responses to SARS-CoV-2                           
which is actively being pursued to develop therapeutic strategies as well as vaccines ​(Biswas et                             
al., 2020)​. The recent months have seen enormous research into the structural and molecular                           
architecture of the interactions between the spike protein in SARS-CoV-2 and antibodies.                       
Studies have also provided insights into the genetic variants which could confer partial or                           
complete resistance to antibodies ​(Weisblum et al., 2020) as well as panels of convalescent                           
plasma. With vaccines being widely available, the evidence on the effect of genetic variants on                             
efficacy of vaccines are also emerging ​(Williams and Burgers, 2021) 
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The lack of a systematic effort to compile genetic variants in SARS-CoV-2 associated with                           
immune escape motivated us to compile the information in a relevant, searchable and                         
accessible format. Towards this goal, we systematically evaluated publications for evidence on                       
immune escape associated with genetic variants in SARS-CoV-2 and created a compendium -                         
ESC. This compendium can be searched using a user friendly web interface to retrieve                           
information on immune escape variants as well as their extensive functional annotations. To the                           
best of our knowledge this is the first most comprehensive resource for immune escape                           
variants for SARS-CoV-2. The resource can be accessed online at ​http://clingen.igib.res.in/esc/​.  
 
MATERIALS AND METHODS 
 
Data and Search Strategy 
Genetic variants in the SARS-CoV-2 genome and evidence suggesting association with immune                       
escape were systematically catalogued. A significant number of variants were associated with                       
escape or resistance to a range of neutralizing and monoclonal antibodies, while a small subset                             
were associated with resistance to convalescent plasma. The data was compiled by manual                         
curation of literature available from peer-reviewed publications and preprints and                   
comprehending the evidence mentioned in the respective articles. Literature reports with                     
relevant information on antibody escape variants were retrieved from sources including                     
PubMed, LitCovid, Google Scholar and articles from preprint servers. The publications were                       
systematically checked for details pertaining to the mutation, antibodies tested and                     
experimental methods followed in the study. Collated data was organized in a pre-formatted                         
template based on their protein positions. This comprehensive compendium was used for                       
further functional annotations. 
 
Variant Information and Annotations 
The variant information and annotations were retrieved from annotation tables for individual                       
features using ANNOVAR ​(Wang et al., 2010)​. Variant annotations broadly include genic                       
features like the variant type and functional annotations related to deleteriousness and                       
evolutionary conservation. Information on protein domains and immune epitopes were                   
compiled and customized from various public sources. Variant sites reported to be potentially                         
problematic including homoplasic regions, sites with recurrent sequencing errors and                   
hypermutable sites were also marked. Variants mapping back to sites of potential SARS-CoV-2                         
diagnostic primers/probes were also used for annotation ​(Jain et al., 2020)​.  
 
Compilation of B-cell epitope data 
Details on B-cell epitopes spanning the protein residues of SARS-CoV-2 were retrieved from                         
Immune Epitope Database and Analysis Resource (IEDB) ​(Vita et al., 2019a)​. All epitopes of                           
SARS-CoV-2 (IEDB ID : 2697049) against human hosts with reported positive or negative B cell                             
assays and any type of MHC restriction were used for analysis. Epitope information pertaining                           
to each amino acid residue including the epitope type (Linear/discontinuous), epitope sequence                       
with corresponding start and end positions and IEDB identifiers were systematically mapped                       
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back and documented. With a view of analysing the impact of these mutations on B cell                               
epitopes, potential B cell epitopes were predicted from mutated spike protein sequences using                         
BepiPred ​(Jespersen et al., 2017)​. Curated lists of amino acid changes were incorporated in the                             
reference spike protein sequence (​YP_009724390​) ​and potential B cell epitopes were                     
predicted with a default threshold value of 0.5.  
 
Antibody details and annotation 
Information pertaining to the list of antibodies associated with escape mechanisms were                       
retrieved from available public sources. Compiled antibodies were systematically mapped back                     
to ​the ABCD (for AntiBodies Chemically Defined) database which provides integrated                     
information regarding the antibodies along with its corresponding antigens and protein cross                       
links to fetch unique antibody identifiers ​(Page et al., 2016; Lima et al., 2020)​.  
 
Database and Web Interface 
The back-end of the web interface was implemented using Apache web server and MongoDB                           
v3.4.10. to provide a user friendly interface for variant search. The JavaScript Object Notation                           
(JSON) file format was used to systematically store the data. PHP 7.0, AngularJS, HTML,                           
Bootstrap 4, and CSS were used to code the web interface for querying. Highcharts javascript                             
library was also used for improved presentation and interactivity.  
 
RESULTS & DISCUSSION 
Repository of SARS-CoV-2 escape mutations 
We compiled a total of 532 entries from 19 recent publications which studied SARS-CoV-2                           
variants and their effect on immune escape. This encompassed a total of 146 unique variants                             
spanning spike protein, ORF1ab and ORF3a. Of the total unique variants, 143 variants were                           
found mapping to Spike protein while 3 variants which were reported to confer potential                           
epitope loss were found in ORF1ab and ORF3a. The compiled list of variants were associated                             
with 75 unique SARS-CoV-2 antibodies and patient polyclonal sera. Summary of compiled                       
variants along with their associated antibodies are listed in ​Table 1. ​The variant annotations                           
encompassed 23 unique data features retrieved from multiple databases and datasets and                       
mapped using ANNOVAR. The data features used in the study are summarised in                         
Supplementary Table 1. 
 
 
Antibody association mapping 
By scanning through the spike protein residues and their associations with SARS-CoV-2                       
neutralizing and monoclonal antibodies, we were able to compile the exact count of antibodies                           
reported to have potential associations with the residues. Antibody - amino acid residue                         
mapping observed in Spike protein and in Receptor binding domain is represented in ​Figures 1,                             
2 and 3. From our analysis we were able to observe that spike protein residues ranging from                                 
350 to 500 exhibited potential antibody associations. 9 hotspot residues (417, 444, 445, 450,                           
475, 484, 486, 490,493) were found associated with escape from  >10 monoclonal antibodies.  
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Overview of B cell epitopes and immunodominant epitope regions  
There were a total of 310 experimentally validated B cell epitopes including 263 linear and 47                               
discontinuous epitopes in Spike protein. ​Reported B cell epitope information was mapped back                         
to residues possessing antibody escape mutations. Also for every escape mutation B-cell                       
epitopes were predicted using BepiPred-2.0 ​(Jespersen et al., 2017)​{ref} using default options to                         
see if any existing epitopes were affected when compared with reference sequence. We                         
observed that 18 escape mutations caused complete loss of epitope given for that mutation.   
 
Database features  
The resource offers a user friendly interface enabling the users to search for variants based on                               
their amino acid change, gene name or the antibody name as per the specified format. The                               
search query returns a list of matching results, whose complete functional annotations can be                           
viewed by clicking on the displayed elements. The resource provides a list of annotation                           
features for each variant precisely organized into 5 major sections namely Variant details,                         
Antibody details, Domain and Epitope details, Functional annotation and Variant frequency.                     
Figure 3a and b  ​portrays the query search and the result display section of the resource 
 
Basic details pertaining to the variant like the amino acid change, genomic variation and the                             
mutation type are enlisted in the Variant Details section. Information on the associated                         
neutralizing antibodies and their identifiers are provided in the Antibody details section. Domain                         
and epitope details section exclusively comprises details on the protein domain, epitopes                       
reported to span the protein residue through experimental validations. Computationally                   
predicted functional annotations on deleteriousness from SIFT ​(Ng and Henikoff, 2003)​,                     
evolutionary conservation scores provided by PhastCons ​(Siepel and Haussler)​, GERP ​(Cooper,                     
2005) and PhyloP ​(Pollard et al., 2010) are included in the Functional annotation section. This                             
section also enlists protein domain information retrieved from UniProt and immune epitopes                       
documented from IEDB ​(Vita et al., 2019a, 2019b)​, UCSC and predictions from different                         
software packages (B cells- BepiPred 2.0, CD4-IEDB Tepitool, CD8-NetMHCpan4). Annotations                   
of potential error prone sites including sites of sequencing errors, homoplasic and                       
hypermutable regions ​(NicolaDeMaio et al., 2020) and diagnostic primer/probe sites are also                       
mapped.  
 
 
CONCLUSIONS 
With evidence emerging on genetic variants in SARS-CoV-2 associated with resistance to                       
monoclonal antibodies and convalescent plasma using in-vitro assays have provided a unique                       
insight into the structural and functional mechanisms whereby the pathogen could evolve and                         
evade antibodies. These insights could have enormous implications in efficacy of vaccines                       
currently being used as well as under trials. A number of recent studies have reported the                               
impact of a few immune escape variants on the efficacy of vaccines ​(Nelson et al., 2021)​. It is                                   
expected that similar studies would be extended for a wider number of variants as well as                               
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vaccines. We therefore foresee that the ESC resource would be a central resource to enable                             
such studies and provide a ready reference to the emerging evidence on immune escape. We                             
also foresee more evidence to emerge on cellular immune escape mechanisms which would                         
also be updated in the future.  
 
 
FIGURES AND TABLES 
 

 
 
Figure 1. SARS-CoV-2 escape mutations along the spike protein residues. Illustration of mutation - antibody                             
associations along the Spike protein residues. 
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Figure 2 : Distribution of variants in Receptor binding domain of SARS-CoV-2 Spike protein. Variant sites with                                 
potential impact on neutralization of human polyclonal sera are represented in red. Cumulative frequencies of                             
variants at RBD sites are represented along with tracks of validated epitope sites.  
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Figure 3. Receptor Binding Domain of Spike protein with mutation hotspot sites associated with decreased                             
neutralization against patient polyclonal sera and monoclonal antibodies. 
 
 

 
Figure 3. Panel illustrating the query search and display features in esc resource 
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Gene 
name  Variant  Antibodies  Ref 

S  Δ146  4A8  (McCarthy et al., 2021) 

S  V483G  SARS2-23  (Liu et al.) 

S  N460K  LY-CoV016 
(Shang and Axelsen) 
 

S  F456S  2B04  (Liu et al.) 

S  V483I  P2B-2F6 
(Shang and Axelsen ) 
 

S  F456V  SARS2-58  (Liu et al.) 

S  P384S  CoV2-2677 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 

S  T345A  2H04  (Liu et al.) 

S  N460S  LY-CoV016  (Shang and Axelsen) 

S  V483P  HA001 
 
(Yi et al., 2020) 

S  N460T  LY-CoV016  (Shang and Axelsen) 

S  N439K 

H00S022,C135,LY-CoV555,Patient 
polyclonal sera   
,REGN10933,REGN10987,S309 

(Barnes et al., 2020) 
(Shang and Axelsen) 
(Thomson et al.)​(Greaney et al.) 

S  N487H  LY-CoV016  (Shang and Axelsen) 

S  Y508H  H014 

(The Impact of Mutations in SARS-CoV-2 
Spike on Viral Infectivity and 
Antigenicity, 2020) 

S  V445A 

CoV2-2096,CoV2-2499,P2B-2F6,REGN109
33,REGN10934,REGN10954,REGN10964,R
EGN10984,REGN10987,REGN10988,REGN
10989 

(Baum et al., 2020) 
(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 
(Shang and Axelsen) 

S  N487K  LY-CoV016,REGN10933  (Shang and Axelsen) 

S  Δ243-244  4A8  (McCarthy et al., 2021) 

S  T345N  2H04  (Liu et al.) 

S  K378E  SARS2-31  (Liu et al.) 

S  V445F  CoV2-2096,CoV2-2499,REGN10987 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 
(Shang and Axelsen) 

S  V445G  SARS2-22  (Baum et al., 2020) 
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S  G485D 

REGN10933,REGN10934,REGN10954,REG
N10964,REGN10984,REGN10987,REGN10
988,REGN10989  (Liu et al.) 

S  T345S  2H04  (Liu et al.) 

S  V445I  CoV2-2096,CoV2-2499 
(Baum et al., 2020)​(Shang and Axelsen 
)​(Greaney et al. ) 

S  L455F 

CC12.1,Patient polyclonal sera     
,REGN10933,REGN10934,REGN10954,REG
N10964,REGN10984,REGN10987,REGN10
988,REGN10989 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 

S  K417E 

REGN10933,REGN10934,REGN10954,REG
N10964,REGN10984,REGN10987,REGN10
988,REGN10989  (Baum et al., 2020) 

S  N501Y 
B38,C102,C105,CC12.1,COVA1-18,COVA2-1
5,Patient polyclonal sera,S309 

(Shang and Axelsen ), ​(Tegally et al., 
2020) ​(Greaney et al. ), ​(Shen et al., 2021) 

S  K378N 
CoV2-2082,CoV2-2094,CoV2-2677,rCR30
22 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 

S  T478I  SARS2-19,SARS2-21,SARS2-71  (Liu et al.) 

S  K378Q  SARS2-31  (Liu et al.) 

S  K378R  CoV2-2094,CoV2-2677,rCR3022   

S  Y369C  CoV2-2677  (Andreano et al. ) 

S  K417N 
C102,C105,CC12.1,CoV2-2082,CoV2-2094,
LY-CoV016,Patient polyclonal sera  

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 
(Shang and Axelsen) 
(Tegally et al. 2020),(Greaney et al. ),(Cele 
et al. ) 

S 
248aKTRNKST
SRRE248k 

Convalescent 
Plasma,D14,F05,F10,F20,G12,H20,I15,I21,J1
3 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 

S  K444E  2H04,SARS2-21  (Liu et al.) 

S  G485R  P2B-2F6,Patient polyclonal sera   (Shang and Axelsen ),(Greaney et al. ) 

S  Δ141-144  4A8  (McCarthy et al., 2021) 

S  T376I  CoV2-2082,CoV2-2094  (Liu et al.) 

S  P479L  SARS2-34,SARS2-71 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 

S  T478P  SARS2-71  (Liu et al.) 
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S  S459Y  CC12.1  (Shang and Axelsen ) 

S  R346G  2H04,SARS2-01 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 

S  K417R  CoV2-2082,CoV2-2094  (Liu et al.) 

S  W152L  4A8  (Cele et al. ) 

S  A701V  Patient Polyclonal sera  (Ip et al.) 

S  N370K  CoV2-2677 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 

S  R346K  C135,P2B-2F6  (Thomson et al.) 

S  K417V  LY-CoV555,REGN10933,REGN10987,S309 
(Shang and Axelsen ), ​(Weisblum et al., 
2020) 

S  A352D  SARS2-01  (Liu et al.) 

S  R346M  C135  (Liu et al.) 

S  P479S  SARS2-21 
(Liu et al.) 
(Shang and Axelsen ) 

S  K444N  P2B-2F6,REGN10987,SARS2-21,SARS2-22  (Weisblum et al. 2020) 

S  C361T  rCR3022 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 

S  A475P  HA001  (Yi et al., 2020) 

S  K444Q 

REGN10933,REGN10934,REGN10954,REG
N10964,REGN10984,REGN10987,REGN10
988,REGN10989  (Baum et al., 2020) 

S  S494D  HA001  (Yi et al., 2020) 

S  K444R  P2B-2F6,SARS2-22 
(Liu et al.) 
(Shang and Axelsen ) 

S  R408I  CC12.1,CoV2-2082,CoV2-2094 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020)​,(Shang and Axelsen ) 

S  N370S  CoV2-2677 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 

S  R346S  C135 
(Barnes et al., 2020)​(Weisblum et al. 
2020) 

S  R408K  CoV2-2082,CoV2-2094,SARS2-31  (Complete Mapping of Mutations to the 
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SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020)​(Barnes et al., 2020) 
(The Impact of Mutations in 
SARS-CoV-2 Spike on Viral 
Infectivity and Antigenicity, 2020)​, 
(Shang and Axelsen) 

S  A475V 
157,247,B38,C102,C105,CA1,CB6,CC12.1,Co
V2-2165,CoV2-2832,LY-CoV016,P2C-1F11 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 
(Liu et al.) 

S  F140del 
Convalescent sera   
,D14,F05,F10,F20,G12,H20,I15,I21,J13  (Andreano et al. ) 

ORF3a  S1498F  Epitope loss 

(Non-synonymous mutations of 
SARS-CoV-2 leads epitope loss and 
segregates its variants, 2020) 

S  E484A 
1B07,2B04,CC12.1,CoV2-2050,CoV2-2479,
CoV2-2832,P2B-2F6 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 
(Liu et al.) 
(Shang and Axelsen ) 

S  S494L  CC12.1,P2B-2F6  (Shang and Axelsen ) 

S  E484D 
1B07,CoV2-2050,CoV2-2479,CoV2-2832,S
ARS2-23,SARS2-66 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 
(Liu et al.) 

S  S494P 
CC12.1,P2B-2F6,Patient polyclonal sera     
,SARS2-01 

(Liu et al.) 
(Shang and Axelsen ),(Greaney et al. ) 

S  R408T  CoV2-2082,CoV2-2094 

(​(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 

S  L18F  Patient polyclonal sera  (Cele et al. ) 

S  K450Q  SARS2-66  (Liu et al.) 

S  G476D  SARS2-21,SARS2-34,SARS2-71  (Liu et al.) 

S  E484G  1B07  (Liu et al.) 

S  A435S  CoV2-2094 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 

S  Y505C  CC12.1  (Shang and Axelsen ) 

.CC-BY-NC-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 February 19, 2021. ; https://doi.org/10.1101/2021.02.18.431922doi: bioRxiv preprint 

https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/bqEr
https://paperpile.com/c/9exgHw/NT9A
https://paperpile.com/c/9exgHw/NT9A
https://paperpile.com/c/9exgHw/NT9A
https://paperpile.com/c/9exgHw/CZQQ
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/OTn0
https://paperpile.com/c/9exgHw/6Lsq
https://paperpile.com/c/9exgHw/6Lsq
https://paperpile.com/c/9exgHw/6Lsq
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/OTn0
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/OTn0
https://paperpile.com/c/9exgHw/OTn0
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/OTn0
https://paperpile.com/c/9exgHw/OTn0
https://paperpile.com/c/9exgHw/OTn0
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://doi.org/10.1101/2021.02.18.431922
http://creativecommons.org/licenses/by-nc-nd/4.0/


S  N440D  REGN10987  (Shang and Axelsen) 

S  D215G  Patient polyclonal sera  (Cele et al. ) 

S  E484K 

1B07,2B04,ABCD_AT480,ABCD_AT483,C1
21,C144,CC12.1,CoV2-2050,CoV2-2479,Co
V2-2832,Convalescent 
plasma,D14,F05,F10,F20,G12,H20,I15,I21,J13
,P2B-2F6,REGN10933,REGN10934,REGN1
0954,REGN10964,REGN10984,REGN1098
7,REGN10988,REGN10989,SARS2-02,SAR
S2-32,SARS2-55 

(Andreano et al. ),​(Barnes et al., 
2020) ​, ​(Baum et al., 2020) 
(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 
(Liu et al.) 
(Shang and Axelsen ),(Weisblum et al. 
2020),(Tegally et al. 2020),(Greaney et al. 
),(Cele et al. ) 

S  Y489H  LY-CoV016,REGN10933  (Shang and Axelsen) 

S  S477G 
CC12.1,SARS2-07,SARS2-16,SARS2-19,SAR
S2-34,SARS2-58,SARS2-71 

(Liu et al.) 
(Shang and Axelsen ) 

S  S477I  CC12.1,SARS2-58 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020)​(Shang and Axelsen 
)(Greaney et al. ) 

S  N440K  C135,REGN10987 
(Liu et al.) 
(Shang and Axelsen ) 

S  E484Q 
CC12.1,CoV2-2050,CoV2-2479,CoV2-2832,
Patient polyclonal sera,P2B-2F6 

(Barnes et al., 2020) 
(Shang and Axelsen)​(Weisblum et al. 
2020) 

S  F486I  REGN10933  (Shang and Axelsen) 

S  Q493K 

C121,C144,LY-CoV016,REGN10933,REGN1
0934,REGN10954,REGN10964,REGN1098
4,REGN10987,REGN10988,REGN10989 

(Baum et al., 2020) 
(Shang and Axelsen) 
(Weisblum et al. 2020) 

S  S477N 

CC12.1,Patient polyclonal   
sera,SARS2-07,SARS2-16,SARS2-19,SARS2
-34,SARS2-58  (Shang and Axelsen ), 

S  Q493L  CC12.1,P2B-2F6,REGN10933 
(Liu et al.) 
(Shang and Axelsen ),(Greaney et al. ) 

S  G476S  CC12.1,SARS2-21 
(Liu et al.) 
(Shang and Axelsen ) 

S  F486L 
CoV2-2832,HA001,Patient polyclonal   
sera,REGN10933,SARS2-21 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 
(Liu et al.) 
(Shang and Axelsen) 
,​(Yi et al., 2020)​(Greaney et al. ) 

S  V382L  rCR3022 
(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
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Domain that Escape Antibody 
Recognition, 2020) 

S  S477R 
CC12.1,SARS2-07,SARS2-16,SARS2-23,SAR
S2-34 

(Liu et al.) 
(Shang and Axelsen ) 

S  N440T  REGN10987  (Shang and Axelsen) 

S  Q493R  C121,C144,LY-CoV016 

(Barnes et al., 2020) 
(Shang and Axelsen) 
(Weisblum et al. 2020) 

S  L452M  P2B-2F6,Patient polyclonal sera 

(Baum et al., 2020)​,​(Du et al., 2020) 
(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 
(The Impact of Mutations in SARS-CoV-2 
Spike on Viral Infectivity and 
Antigenicity, 2020) 
(Liu et al.) 
(Shang and Axelsen),(Weisblum et al. 
2020) 

S  F490L 

261-262,BD-368-2,C121,CC12.1,CoV2-2050,
CoV2-2479,H4,P2B-2F6,P2B2F6,REGN109
33,REGN10934,REGN10954,REGN10964,R
EGN10984,REGN10987,REGN10988,REGN
10989,SARS2-66,X593  (Liu et al.) 

S  F486S  SARS2-21  (Shang and Axelsen ),(Greaney et al. ) 

S  N440Y  REGN10987  (Shang and Axelsen) 

S  Y453F 

CC12.1,Patient polyclonal   
sera,REGN10933,REGN10934,REGN10954,
REGN10964,REGN10984,REGN10987,REG
N10988,REGN10989 

(Baum et al., 2020)​(Shang and Axelsen ), 
(Greaney et al. ) 

S  F486V 

REGN10933,REGN10934,REGN10954,REG
N10964,REGN10984,REGN10987,REGN10
988,REGN10989,SARS2-71  (Liu et al.) 

S  242-244del  Patient polyclonal sera  (Cele et al. ) 

S  P499H  CoV2-2096,CoV2-2499,REGN10987 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 
(Shang and Axelsen) 

S  L452R 
BD-368-2,Patient polyclonal   
sera,SARS2-01,SARS2-32 

(Du et al., 2020) 
(Liu et al.) 
(Greaney et al. ) 

S  F486Y  1B07  (Cele et al. ) 

S  D80A  Patient polyclonal sera  (Liu et al.) 

.CC-BY-NC-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 February 19, 2021. ; https://doi.org/10.1101/2021.02.18.431922doi: bioRxiv preprint 

https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/OTn0
https://paperpile.com/c/9exgHw/CZQQ
https://paperpile.com/c/9exgHw/bqEr
https://paperpile.com/c/9exgHw/CZQQ
https://paperpile.com/c/9exgHw/9lJg
https://paperpile.com/c/9exgHw/JLMQ
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/NT9A
https://paperpile.com/c/9exgHw/NT9A
https://paperpile.com/c/9exgHw/NT9A
https://paperpile.com/c/9exgHw/OTn0
https://paperpile.com/c/9exgHw/OTn0
https://paperpile.com/c/9exgHw/CZQQ
https://paperpile.com/c/9exgHw/9lJg
https://science.sciencemag.org/content/sci/369/6506/1014.full.pdf,https://science.sciencemag.org/content/sci/369/6506/1014.full.pdf,https://science.sciencemag.org/content/sci/369/6506/1014.full.pdf,https://science.sciencemag.org/content/sci/369/6506/1014.full.pdf,https://science.sciencemag.org/content/sci/369/6506/1014.full.pdf,https://science.sciencemag.org/content/sci/369/6506/1014.full.pdf,https://science.sciencemag.org/content/sci/369/6506/1014.full.pdf,https://science.sciencemag.org/content/sci/369/6506/1014.full.pdf,https://www.biorxiv.org/content/10.1101/2020.12.13.422567v1,https://www.biorxiv.org/content/10.1101/2020.11.30.405472v1.full.pdf+html
https://paperpile.com/c/9exgHw/OTn0
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/hHtK
https://paperpile.com/c/9exgHw/CZQQ
https://paperpile.com/c/9exgHw/JLMQ
https://paperpile.com/c/9exgHw/OTn0
https://paperpile.com/c/9exgHw/OTn0
https://doi.org/10.1101/2021.02.18.431922
http://creativecommons.org/licenses/by-nc-nd/4.0/


S  G482S  P2B-2F6  (Shang and Axelsen ) 

S  Q474P  SARS2-34 

(Baum et al., 2020) 
(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 
(Liu et al.) 
(Shang and Axelsen ),(Greaney et al. ) 

S  F490S 

CC12.1,CoV2-2050,CoV2-2479,P2B-2F6,Pa
tient,REGN10933,REGN10934,REGN10954,
REGN10964,REGN10984,REGN10987,REG
N10988,REGN10989,SARS2-32  (Liu et al.) 

S  N450D 

REGN10933,REGN10934,REGN10954,REG
N10964,REGN10984,REGN10987,REGN10
988,REGN10989,SARS2-07 

(Baum et al., 2020) 
(Liu et al.) 

S  P499L  SARS2-07  (Liu et al.) 

ORF3a  G251V  Epitope Loss 

(Non-synonymous mutations of 
SARS-CoV-2 leads epitope loss and 
segregates its variants, 2020) 

S  R403K  CC12.1 

(Non-synonymous mutations of 
SARS-CoV-2 leads epitope loss and 
segregates its variants, 2020) 

S  P4715L  NA  (Shang and Axelsen ) 

S  R403M  CC12.1 
(Liu et al.) 
(Shang and Axelsen) 

S  P499R  CoV2-2096,CoV2-2499,REGN10987 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 
(Shang and Axelsen) 

S  N450K  SARS2-32  (Liu et al.) 

S  N448K  REGN10987  (Shang and Axelsen) 

S  G504D  LY-CoV016,SARS2-31  (Shang and Axelsen ) 

S  P499S  CoV2-2096,CoV2-2499,REGN10987 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 
(Shang and Axelsen) 

S  G446A  CoV2-2096,CoV2-2499,REGN10987 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 
(Shang and Axelsen) 

S  G446D  SARS2-02,SARS2-22,SARS2-32  (Liu et al.) 
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S  I472V  CoV2-2479 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 

S  A831V  B38 

(The Impact of Mutations in SARS-CoV-2 
Spike on Viral Infectivity and 
Antigenicity, 2020) 

S  N450Y  SARS2-32  (Liu et al.) 

S  A372S  CoV2-2677 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 

S  A372T  CoV2-2677 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 

S  A372V  CoV2-2677 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 

S  G446S 
CoV2-2096,CoV2-2499,P2B-2F6,REGN109
87 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 
(Shang and Axelsen ) 

S  A411S  CoV2-2082 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 

S  V483A  BD-368-2,C121,P2B-2F6 
(Barnes et al., 2020)​,​(Du et al., 2020) 
(Shang and Axelsen ) 

S  L441R  2H04  (Liu et al.) 

S  G446V 

CoV2-2096,CoV2-2499,Patient polyclonal   
sera,REGN10933,REGN10987,SARS2-02,P
2B-2F6 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 
(Liu et al.) 
(Shang and Axelsen) 
(Greaney et al. ) 

S  P384L  CoV2-2677 

(Complete Mapping of Mutations to the 
SARS-CoV-2 Spike Receptor-Binding 
Domain that Escape Antibody 
Recognition, 2020) 

S  N460I  LY-CoV016  (Shang and Axelsen) 

S  V483F  P2B-2F6,SARS2-23  (Liu et al.) 
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Table 1. Summary of variants compiled in the study along with their associated list of anti SARS-CoV-2 antibodies 
 
 

SUPPLEMENTARY DATASETS 
 

 
Supplementary Table 1. ​Summary of variants mapping to various annotation features. 
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