
 

Figure 2 - Convergent evolution and mutations in SARS-CoV-2 S-protein. (A) Localization of convergent 

mutations on the structure of Spike protein (PDB ID: 6zge) and their corresponding parallelism score (for more 

details see Table 1 and Methods). Green residues in inset c) highlights the Furin cleavage site. Inset d) shows the 

region covering a portion of heptad repeat, central helix and β-hairpin domains. (B) The mutational sequence space 

of RBM and its coverage by identified mutations. All possible SNC (single-nucleotide change) AA substitutions are 

denoted. For TNC (two-nucleotide change) substitutions, only the subset of AA substitutions which were sampled in 

GISAID are denoted (in background color scale according to the legend), together with substitutions with positive 

binding impact not yet sampled (violet background) 
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Table 1 – Convergent evolution in S-protein 

PANGO 

lineage 

Alternative 

lineage  

identifier 

Geographic 

prominence/origin 

Orignal SARS-CoV-2 S-protein residue 

#
 A

A
s 

u
n

d
e
r 

p
a

ra
ll

e
l 

e
v

o
lu

ti
o

n
 

L
in

e
a

g
e
 p

a
r
a

ll
el

is
m

 

sc
o

r
e 

L
1
8
 

H
V

6
9
-7

0
 

D
8
0
 

T
9
5
 

D
1
3
8
 

L
G

V
1
4
1
-3

 

Y
1
4
4
 

W
1
5
2
 

F
1
5
7

 

I2
1
0
 

L
L

A
2
4
1
-3

 

N
4
4
0
 

L
4
5
2
 

S
4
7
7

 

T
4
7
8
 

E
4
8
4
 

N
5
0
1
 

H
6
5
5

 

Q
6
7
7

 

P
6
8
1

 

A
7
0
1
 

T
7
1
6
 

T
7
3
2
 

D
9
5
0
 

T
1
0
2
7
 

B.1.620  Cameroon  Δ     Δ    Δ   N  K    H     I 7 49 

B.1.621  Colombia    I   S         K Y   H    N  6 49 

B.1.617.1 VUI-21APR-01 India    I  D#*       R#   Q    R#      5 43 

P.3 VUI-21MAR-02 Philippines      Δ     Δ     K Y   H      5 41 

B.1.1.7 VOC-20DEC-01 Europe  Δ     Δ          Y   H  I    5 39 

P.1 VOC-21JAN-02 Brazil F    Y           K# Y Y       I 6 38 

B.1.617.2 VOC-21APR-02 India      D#*   Δ    R#  K     R#    N  5 38 

 A.VOI.V2 Central Africa   Y    Δ   N     K   Y  H      6 36 

A.27 HMN.19B France F            R    Y Y H       5 36 

B.1.351 VOC-20DEC-02 South Africa F  A        Δ     K Y    V     6 35 

B.1.525 VUI-21FEB-03 Central Africa  Δ     Δ         K#   H       4 34 

B.1.526.1  U.S.   G    Δ  S    R           H  5 29 

N.10  Brazil      Δ Δ   V      K          4 29 

B.1.1.318 VUI-21FEB-04 Central Africa    I   Δ         K          3 25 

C.16  South Africa             R       H      2 22 

A.28  Europe  Δ               T Y        3 20 

C.36  Egypt        R     R      H       3 20 

B.1.1.451  Russia         Δ       K         I 3 20 

B.1.526  U.S., Ecuador    I            K     V     3 19 

B.1.1.519  Mexico               K     H   A   3 19 

B.1.616  France      V* Δ           Y        3 19 

A.23.1  East Africa         L           R      2 16 

B.1.1.420  Senegal F           K       H       3 15 

A.2.5  Central America      Δ       R             2 15 

R.1  Japan        L        K          2 15 

B.1.575  Dominican                    H  I    2 15 

B.1.429/427 CAL.20C U.S.        C     R             2 13 

B.1.466.2  SE Asia, Melanesia                    R      1 12 

 VOI N.9 Brazil                K          1 12 

B.1.243  North America                    H      1 12 

B.1.619  Cameroon          T  K             I 3 10 

B.1.1.316  U.S.                   H    S   2 10 

L.3  Central Africa             R             1 10 

C.37  South America             Q             1 10 

A.21  West Africa             R             1 10 

B.1.517  U.S.                 T         1 9 

C.2.1  Aruba                 T         1 9 

B.1.596  U.S.                   P       1 7 

B.1.1.70  Europe                   H       1 7 

B.1.1.317  Russia     Y         N            2 6 

B.1.258  Europe  Δ                        1 6 

B.1.375  U.S.  Δ                        1 6 

B.1.177  Europe F                         1 5 

B.1.36.1  Turkey               K           1 4 

B.1.524  SE Asia                     V     1 3 

B.1.160  global              N            1 3 

B.1.1.397  Russia     Y                     1 3 

B.1.36.29  India            K              1 3 

B.1.1.222  Mexico                       A   1 3 

B.1.214  Central Africa                      I    1 3 

AA 

parallelism 

score 

  5 6 3 4 3 5 9 3 4 3 3 3 10 3 4 12 9 5 7 12 3 3 3 3 4  

 

- NTD domain (AA 12 – 306, red background), RBD domain (AA 318 – 514, green background), Furin cleavage site 

and its close proximity (AA 655 – 701, blue background)  

- Mutation frequency in lineages (May 12, 2021): 100 – 75 %, 75 – 50 %, 50 – 25 %  

* G142 

# Mutations inherited from the same progenitor are considered a single evolutionary origin in parallelism score 

calculations. 
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