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GISAID provisions for analysing Spike mutations

• Single comprehensive source of all outbreak genomes

• Summary and report of clade trends and associated mutations

• Enabling all registered users through dedicated download of all current Spike 
proteins as well as complete genome alignment

• Spike protein mutation annotation for all entries, common ones in drop down

• Integrated mutation analysis tool CoVsurver:
• 3D structure mapping
• Host receptor interaction
• Antibody interaction
• Literature phenotype annotation
• Geotemporal frequency and phylogenetic distribution

• Upcoming: live dashboard for spike mutations

• Needed in near future: serological panel data linked to sequences
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Spike mutations summary (9 months, >100k genomes)

• Spike similarity to other Coronaviruses

• Spike similarity within the outbreak
• Frequency and trends of most common spike mutations
• Host receptor binding mutations
• Antibody binding mutation tool
• Reinfection pairs comparison



Monomer Trimer

Top view

Side view

Spike glycoprotein hCoV-19 vs SARS
Red … consensus differences (surface mutations)

Average 76.6% strain identity to 
template PDB:6ACC; Homology 
model with HHpred, Modeller 
and Yasara

Receptor Binding Domain

Receptor Binding Domain

Cryo-EM image  IVDC, China CDC

Spike similarity to other coronaviruses

Query\

Reference
hCoV-19

Bat 

RaTG13
SARS MERS OC43 HKU1 229E NL63

hCoV-19

Bat RaTG13 97.7%

SARS 77.8% 78.2%

MERS 35.4% 35.4% 35.2%

OC43 37.3% 37.1% 36.9% 39.5%

HKU1 35.2% 35.3% 35.0% 39.0% 67.0%

229E 41.7% 41.5% 41.8% 41.8% 43.5% 43.5%

NL63 36.3% 36.2% 36.2% 35.4% 39.7% 37.8% 64.7%

Percent identity of spike glycoproteins from relevant coronaviruses



Spike mutations summary (9 months, >100k genomes)

• Spike similarity to other Coronaviruses

• Spike similarity within the outbreak
• Frequency and trends of most common spike mutations
• Host receptor binding mutations
• Antibody binding mutation tool
• Reinfection pairs comparison



Common spike mutations within the outbreak – Sep 20 2020



CoVsurver:
New analysis tool released on GISAID 
developed by BII A*STAR

Capabilities: Identification and 
interpretation of mutations including 3D 
structure and database with curated 
literature links for 166 mutation reports

Alternate numberings,  
Occurrence statistics, 
Literature links

and view in 
phylogenetic tree

Example D614G:

• No prior history of site for phenotypic 
relevance in related viruses

• Structural position not near receptor 
binding site, not in classical RBD 
antigenic sites, at oligomer interface 
(can indirectly affect stability of 
complex)

• Phylogenetic distribution points to 
founder-like effect and is accompanied 
with multiple other mutations

D614G



D614G

Other 
mutations with 
occurrence >10

Trimer complex 
of viral spike 
glycoprotein

Common spike mutations within the outbreak – May 5 2020



Mutations with 
occurrence >100

Mutations with 
occurrence >10

Trimer complex 
of viral spike 
glycoprotein

Common spike mutations within the outbreak – Sep 20 2020

103720 sequences were compared to reference sequence EPI_ISL_402124.



Spike mutations summary (9 months, >100k genomes)

• Spike similarity to other Coronaviruses

• Spike similarity within the outbreak
• Frequency and trends of most common spike mutations
• Host receptor binding mutations
• Antibody binding mutation tool
• Reinfection pairs comparison



Receptor binding surveillance for complete genomes 2020-09-22



Spike mutations summary (9 months, >100k genomes)

• Spike similarity to other Coronaviruses

• Spike similarity within the outbreak
• Frequency and trends of most common spike mutations
• Host receptor binding mutations
• Antibody binding mutation tool
• Reinfection pairs comparison



CoVsurver tool to analyse mutations – example Spike S477N

Multi-clade occurrence

Antibody 
interface

Receptor 
binding



Spike mutations summary (9 months, >100k genomes)

• Spike similarity to other Coronaviruses

• Spike similarity within the outbreak
• Frequency and trends of most common spike mutations
• Host receptor binding mutations
• Antibody binding mutation tool
• Reinfection pairs comparison



Summary of AA differences in 4 reinfection cases 

Strainname Accession Collection Date Clade
(Lineage)

Spike AA 
mutations

Other AA mutations

hCoV-19/Hong Kong/HKU-200823-
001/2020

EPI_ISL_516798 2020-03-26 V 
(B.1.79)

E780Q NSP3_L1304F, NSP3_P1103L, NSP5_K61R, 
NSP6_L37F, NS3_G251V, NS8_E64stop

hCoV-19/Hong Kong/HKU-200823-
002/2020

EPI_ISL_516799 2020-08-17 G
(B.2)

L18F, 
A222V, 
D614G

NSP6_L142F, NSP12_P323L, N_A220V

hCoV-19/Belgium/rega-0309752/2020

EPI_ISL_522349 2020-03-09 GR
(B.1.1)

D614G NSP6_F228L, NSP12_P323L, NS8_L84S, N_G204R, 
N_R203K

hCoV-19/Belgium/rega-0710751/2020

EPI_ISL_522350 2020-06-10 S
(A)

S1055L NS8_L84S

hCoV-19/USA/NV-NSPHL-A0110/2020

EPI_ISL_514673 2020-04-18 GH
(B.1)

D614G NSP1_L92F, NSP2_T85I, NSP3_A465V, NSP12_P323L, 
NSP13_V169F, NS3_Q57H

hCoV-19/USA/NV-NSPHL-A0207/2020

EPI_ISL_514674 2020-06-05 GH
(B.1)

D614G NSP2_T85I, NSP6_P44S, NSP12_P323F, NS3_Q57H, 
N_A398V

hCoV-19/Netherlands/un-EMC-
751/2020

EPI_ISL_523507 2020-04-06 L (B) NSP2_D268del,  NSP13_R392C

hCoV-19/Netherlands/un-EMC-
754/2020

EPI_ISL_523510 2020-06-08 L (B) T20N,
T572I

NSP2_D268del, NSP3_S100P, NSP12_T806A, 
NSP3_T1288I, NSP3_D821N, NSP4_H313Y, 
NSP13_R392C, M_S4F



4 reinfection cases spike glycoprotein comparison

2 of 4 reinfection cases have mutations possibly interfering with the structural conformation of glycosylation sites in a region that is 
also broadly recognized by antibodies which would provide a hypothetical mechanism for immune escape potentially contributing to
permitting second infection. However, this doesn’t apply to all cases and many other factors could play a role too. Importantly, these 
mutations are rare and occur sporadically without causing large clusters so far.

E780Q

A222V
L18F
T20N

Glycan at N17

Antibody

Spike 
glycoprotein 
monomer

D614G

S1055L

T572I

PDB:7C2L

Spike 
glycoprotein 
trimer

Antibody



GISAID provisions for analysing Spike mutations

• Single comprehensive source of all outbreak genomes

• Summary and report of clade trends and associated mutations

• Enabling all registered users through dedicated download of all current Spike 
proteins as well as complete genome alignment

• Spike protein mutation annotation for all entries, common ones in drop down

• Integrated mutation analysis tool CoVsurver:
• 3D structure mapping
• Host receptor interaction
• Antibody interaction
• Literature phenotype annotation
• Geotemporal frequency and phylogenetic distribution

• Upcoming: live dashboard for spike mutations

• Needed in near future: serological panel data linked to sequences



Annex



Spike host receptor changes for nearest 
bat and nearest pangolin sequences

Strain 1 Strain 2
Spike overall 

identity
Interface 

mutations

Human 
Wuhan

Bat 
Yunnan

98% 13

Pangolin 
Guangdong

Bat 
Yunnan

90% 13

Pangolin 
Guangdong

Human 
Wuhan

91% 1
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