
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

D614G is located in a densely hydrophobic spike glycoprotein 
motif conserved in the Sarbecovirus group 

ABSTRACT 
Severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2) is the pathogen responsible for the 
COVID-19 pandemic. The D614G substitution 
appeared in the spike glycoprotein (SGP) of 
SARS-CoV-2 at an early stage of the COVID-19 
outbreak and the mutant carrying the substitution 
quickly became the most prevalent SARS-CoV-2 
variant at several COVID-19 epicenters across the 
world. There has been a debate on the nature of 
the mutation, some even suggesting that the 
mutation is likely to be functionally neutral. One 
of the ways to understand the nature of this mutation 
is to study the evolutionary history of the 614th 
amino acid position of the spike glycoprotein in 
coronaviruses. In the present bioinformatics study 
we analyzed a few hundred SARS-CoV (of 2003 
outbreak), SARS-CoV-2 and animal SARS-Like 
strains of the Sarbecovirus group to obtain 
insights into the conservation of aspartic acid at 
the 614th amino acid position in the SGP of these 
viruses, using our software tool Compare. After 
analyzing the conservation profiles of several 
Sarbecovirus sequences obtained from GenBank 
we show here that the 614 amino acid residue is 
located in an 11-amino acid densely hydrophobic 
motif, vavlyqdvnct (11-aa) that is almost perfectly 
conserved in the Sarbecovirus sub-genus and the 
D614G substitution increased the hydrophobicity 
of the motif by about 38%. We also identified one
  
 

SARS-CoV genome in the pre-pandemic GenBank 
records (Accession: FJ882963) that has the 
D614G substitution. The fact that the original 
strain of SARS-CoV-2 with aspartic acid at the 
614th position (D-variant) is now almost extinct 
emphasizes the importance of the D614G 
mutation for the survival of the virus. We propose 
that the D614G substitution altered the chemistry 
of the 11-aa and helped in the spread and 
continued survival of the virus by some yet to be 
identified biochemical mechanisms.  
 
KEYWORDS: SARS-CoV-2, D614G, SARS-
Like, coronavirus, COVID-19. 
 
INTRODUCTION 
The first cases of the present coronavirus pandemic 
were reported in the Wuhan City of China in 
December 2020 [1]. The pathogen causing the 
syndrome was almost immediately identified as 
a coronavirus strain and it was given the 
designation SARS-CoV-2 to distinguish it from 
the coronavirus strain, SARS-CoV, of the 2003 
outbreak [2]. The World Health Organization later 
declared the outbreak a pandemic and named the 
disease as Coronavirus Disease-19 (COVID -19) 
[3]. The genomic sequences of human SARS and 
the animal SARS-like strains of coronaviruses 
are annotated under the subgenus Sarbecovirus in 
the GenBank records [4]. Coronaviruses of the 
Sarbecovirus group are enveloped viruses that 
carry positive stranded RNA as the genetic 
material. The spike glycoprotein (SGP) and the 
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nucleocapsid protein (NP) are the two structural 
proteins that are the integral parts of the envelope 
[5]. The SGP contains many functional domains 
that are involved in the entry of the virus into 
mammalian cells. These domains include the 
receptor binding domain (RBD), the proteolytic 
cleavage site (PCS), and the heptad-repeating-1 
(HR1) domain, and heptad-repeating-2 (HR-2) 
domains. Whereas the RBD facilitates the initial 
binding of the virus to the cell, the PCS, HR1, and 
HR-2 domains are involved in the fusion and 
entry of the virus into the cells. Genomic 
mutations in these viruses arise due to RNA 
replication errors and the sequences carrying the 
mutation are amplified only if the substitution is 
beneficial to the virus in terms of its reproductive 
fitness. Therefore, from this population genetic 
view-point, genomic mutations once fixed always 
have a positive effect on the multiplication of the 
virus [6].  
In the present study, in order to understand the 
probable influence of the D614G substitution on 
the propagation of the virus, we analyzed several 
viruses of the Sarbecovirus group for SGP 
mutations using our previously described software 
tool Compare [7]. We learned that D614G is 
located in an 11-amino acid peptide motif 
vavlyqdvnct that is extraordinarily conserved in 
human SARS and animal SARS-like strains of 
the Sarbecovirus subgenus. These virus strains 
included bat, civet, and pangolin SARS-like 
strains, human SARS strains including ExoN 1, 
wtic-MB, SARS-CoV and SARS-CoV-2, with 
the exception of the G-variants of SARS-CoV-2 
and one G-variant of SARS-CoV (Accession: 
FJ882963), where the aspartic acid is substituted 
by glycine in the vavlyqdvnct motif resulting in 
vavlyqgvnct. As explained later, we have also 
identified three GenBank records of previously 
unreported mutations in the 11-aa of the SARS-
CoV-2 strains. 
 
MATERIALS AND METHODS  

Software tools and the source of SGP 
sequences  
All the coronavirus spike glycoprotein sequences 
analyzed in this study were obtained from the 
publicly maintained database, GenBank. Three 
software tools namely, Compare [7], Basic Local 
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Alignment Search Tool (BLAST) [8], and 
Composition-20, were used in this study for the 
analysis of the sequences. The Compare program 
was written by one of the present authors (Babu 
V. Bassa). Compare is a multipurpose program 
which compares biological sequences by 
identifying domains that are common to the query 
pair of sequences, each of which is at least three 
residues long. The program can also be used to 
query for the presence of shorter peptide motif or 
parts of it in a larger sequence. Composition-20 
(written and implemented in Visual Studio by one 
of the present authors) computes amino acid 
composition and the hydropathy index of any 
peptide or protein query sequence. The program 
computes the hydropathy index by the method of 
Kyte and Doolittle [9]. 

Identification of the peptide motif (11-aa)  
that harbors D614G 
The 11-aa was first identified by comparing the 
SGP sequences of SARS-CoV-2 (Accession: 
NC_045512) and SARS-CoV (Accession: 
NC_004718) using Compare. Data on the 
prevalence of the mutations were obtained from 
GISAID database employing their query options 
(filters) [10], and the frequencies were calculated 
as percentages of the total available sequenced 
genomes for the specified time periods. A sufficient 
number of samples were analyzed in each case to 
meet 95% confidence levels statistically. 

Analysis for the conservation of 11-AA 
Following its identification, the 11-aa was first 
queried against the SGP sequences of coronavirus 
strains from the sarbecovirus subgenus (n = 91). 
The 11-aa was then queried in the GenBank 
database using BLAST. 
 
RESULTS AND DISCUSSION 
The software tool Compare identifies common 
permutations of three residues and longer 
occurring between any queried pair of sequences. 
In our previous report we published a panel of 
common permutations (conserved motifs) that 
appeared between SARS-CoV and SARS-Co-V-2 
[7]. The peptide motif vavlyqgvnct was one of the 
members of that panel. However, the D614G 
substitution was not very well known at that time. 
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are now overwhelmed with SARS-CoV-2 genomic 
sequences and accessing other Sarbecovirus 
genomes through a query with vavlyqdvnct is now 
a difficult task. However, our BLAST data 
accessed in May 2020 confirmed our earlier 
Compare findings that the vavlyqdvnct motif is 
present as an identical permutation in all available 
bat (n = 55), civet (n = 4) and pangolin (n = 6) 
SARS-like strains of coronavirus. Mutations in 
this motif appeared only in human SARS-CoV 
and SARS-CoV-2 strains and the most prominent 
of those mutations is the D614G. As revealed by 
Compare one of the pre-pandemic GenBank 
annotations of SARS-CoV contained the D614G 
substitution (FJ882963) and one other SARS-CoV 
annotation contained a substitution in 11-aa 
resulting in the motif favlyqdvnct (Accession: 
BAE93401). Both of these strains have human 
as a host. However, the BLAST query with 
vavlyqdvnct revealed two previously unreported 
substitutions in the 11-aa of SARS-CoV-2 namely, 
vavlyqdinct (QN091763) and vavlyhdvnct 
(QN091835.1).  
The relative positions of 11-aa in SARS-CoV 
and SARS-CoV-2, respectively, are shown 
diagrammatically in Figure 2A. The 11-aa is 
located in close proximity to both the receptor 
binding domain (RBD) and the protease cleavage 
site (PCS). The proteolytic cleavage of the SGP 
into S1 (N-terminal) and S2 (C-terminal) subunits 
at the cleavage site is believed to enhance the 
entry of the virus (S-2 subunit together with RNA 
strand) into the mammalian cells [15]. The 11-aa 
forms a densely hydrophobic motif. We used 
the Kyte and Doolittle method through our 
Composition 20 software tool for the calculation 
of total side chain hydrophobicities of the 11-aa, 
and two 11 amino acid motifs on the N-terminal 
and the C-terminal sides of 11-aa (Figure 2B). 
The total amino acid side chain hydrophobicity 
is expressed as the hydropathy index which is 
proportional to the hydrophobicity of a given 
peptide. The D614G substitution increased the 
hydrophobicity of 11-aa by about 38%. The effect 
of this change on infectivity and replication of the 
virus is not clear. However, some reports have 
claimed that the substitution resulted in an 
increased shredding of the virus particles from the 
infected cells [11]. Nevertheless as shown in 
 
 

Upon reinvestigation following the recognition of 
the D614G mutation [11, 12], we were able to 
locate the substitution to the vavlyqdvnct motif 
(11-aa). There is a significant difference in the 
sizes of the spike glycoproteins between SARS-
CoV (1255 aa) and SARS-CoV-2 (1273 aa) 
strains of the coronavirus. Investigators have used 
various criteria in locating the functional domains 
of the SGP in SARS-CoV-2 [13, 14]. Our 
identification of the vavlyqdvnct in SARS-CoV 
and SARS-CoV-2 strains is based on the assumption 
that the probability of the 11-aa permutation to 
have occurred independently in these two spike 
proteins is infinitely small and that they both 
originated from a common ancestor. The 11-aa is 
present at the 608th position in the SGP of SARS-
CoV-2 with the aspartic acid (D-variant) or 
glycine (G-variant) residue being present at the 
614th position. The original Wuhan city variant of 
SARS-CoV-2 has aspartic acid (d) at this position. 
The 11-aa is present at the 594th position of the 
SGP in SARS-CoV with “d” being at 600. By 
scanning the 11-aa against the SGP sequences of 
sarbecovirus strains/isolates we found that the 
vavlyqdvnct is almost universally present in all 
Sarbecovirus strains/isolates annotated in the 
GenBank prior to the COVID-19 pandemic, as an 
identical permutation with the exceptions of 
FJ882963 (Human SARS-CoV), where “d” is 
substituted by “g” and BAE93401 (Human SARS-
CoV) where the first amino acid residue valine 
of 11-aa was substituted with phenylalanine (F). 
The typical output of the query between SGP of 
SARS-CoV and SARS-CoV-2 Wuhan strain (D-
variant) using Compare is presented in Figure 1. 
BLAST analysis of vavlyqdvnct yielded scores of 
39.2 and 34.6 respectively for vavlyqdvnct and 
vavlyqgvnct motifs. These scores represent the 
degree of homology between the query motif and 
the nearest matching sequences available in the 
GenBank records. Out of the first 5000 items 
retrieved in the BLAST query of vavlyqdvnct 
motif an estimated 1095 SARS-CoV-2 spike 
proteins contained the vavlyqdvnct motif and an 
estimated 3862 SGP sequences contained the 
vavlyqgvnct motif. Please note that the GenBank 
records contained several records that show “x” at 
the 614th position of the spike glycoproteins. The 
GenBank deposits under the Sarbecovirus subgenus
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
distancing measures were able to control the 
spread of the D-variant but not the G-variant of 
SARS-CoV-2. Based on the empirical data 
presented in Figure 3, the D614G mutation is 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3, the original D-variant that emerged out 
of Wuhan city, China, spread across the globe, 
and then disappeared rapidly in the ensuing 
months. This observation indicates that social 
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Figure 1. Comparison between the spike glycoproteins of SARS-CoV-2 and SARS-CoV using Compare. 
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Figure 2. A. The location of 11-aa in the spike glycoproteins relative to the known functional domains. 
B. The hydropathicity indices of 11-aa and its vicinity in D and G variants. 
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in any of the bat, civet, pangolin, and most human 
SARS strains until the emergence of SARS-CoV-2. 
Substitutions, however, appeared in the immediate 
vicinity of this motif in the Sarbecovirus strains. 
The extraordinary degree of conservation of the 
11-aa motif indicates that it played an important 
role in the replication and survival of the 
Sarbecovirus strains. Thus, it may be presumed that

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

present in the virus that prolonged the COVID-19 
pandemic beyond the month of March 2020. 
 
CONCLUSIONS 
We have shown that the D614G mutation is 
embedded in a densely hydrophobic amino acid 
motif in the spike glycoprotein of the Sarbecovirus 
strains. The motif did not have any substitutions 
 

Figure 3. The decline of the D-variant and the emergence of the G-variant at various COVID-19 epicenters. 
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the D614G substitution could not have established 
itself unless it had a positive effect on the overall 
survival of the SARS-CoV-2 strain. We have, 
however, found one recorded case of the D614G 
substitution from the GenBank deposits belonging 
to the 2003 SARS outbreak. This finding is 
consistent with the human source of this mutation. 
The D614G mutation first appeared in the 
February and March 2020 samples from COVID-
19 in China. It is likely that the same mutation 
emerged also at other geographical locations 
simultaneously. The frequency of the D-variant 
has decreased rapidly across the world and the G-
variant became established at almost all global 
COVID-19 epicenters. Based on the frequencies 
of the D and G variants, much of the morbidity 
and mortality caused by the pandemic is 
empirically attributable to the G-variant and less 
to the D-variant. This observation also means that 
the D614G mutation most certainly is beneficial 
to the virus in terms of its reproductive fitness. 
A change in the chemistry of the 11-aa has more 
likely contributed to this consequence. 
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