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Abstract
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Increasing transmissibility and pathogenicity of SARS-CoV-2 has often been attributed to mutations accumulating in RNA genome

of SARS-CoV-2 ancestral type originated in China. In this study, using in silico structural modeling and molecular docking, we dem-

onstrate that observed low frequency non-synonymous amino acid alterations do not improve the efficacy of interaction between

SARS-CoV-2 spike glycoprotein and host’s ACE2 receptor. The major spike haplotype detected corresponds to the ancestral Wuhan

isolate which displays the most favorable interaction with ACE2. Although the sequences are different, length and number of pre-

dicted B-cell epitopes of SARS-CoV-2 spike protein, identified using BepiPred 2.0, are comparable to that of SARS-CoV. However, the

above data differ from the ones from HCoV-NL63. Analysis of population genetic parameters implies relaxed purifying selection to

be predominant force shaping the genetic landscape of SARS-CoV-2 spike protein, till date. These findings provide important clues in

designing therapeutic strategies to contain the pandemic.
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Introduction

In December 2019, Chinese public health officials notified the
World Health Organization (WHO) about an unknown virus caus-
ing disease with pneumonia-like symptoms in Wuhan [1]. The con-
tagion was soon recognized to be a member of coronavirus (CoV)
family, a group of zoonotic pathogen and named as severe acute re-
spiratory syndrome coronavirus 2 or SARS-CoV-2 [2]. The disease
spread rapidly within three months from its appearance to more
than 200 countries as this virus is capable of rapid human-to-hu-
man transmission. As of May 06, 2020, over 3.66 million cases of
COVID-19 have been reported, with > 2,57,000 deaths worldwide.
In India, there are 67,700 active COVID-19 cases with more than
2,215 deaths according to the latest figures updated by the Minis-
try of Health. Currently, seven CoV species are confirmed that act
as human pathogens [3]. Four of them namely HCoV-229E, NL63,
0C43, and HKU1 cause non-severe acute respiratory syndrome.
Other human CoVs include SARS-CoV, MERS-CoV (Middle East Re-
spiratory Syndrome) which caused severe outbreaks in the years
2002 and 2012 respectively. Similar to SARS-CoV and MERS-CoV,
SARS-CoV-2 infection in its early stages were observed in family

clusters and among hospital personnel in Wuhan, China [4]. SARS-

CoV, MERS-CoV, and SARS-CoV-2 were believed to have originated
in bats, but the intermediate host from bat to human is still un-
known [5]. The source of SARS-CoV-2 outbreak is linked to seafood
wet market in Wuhan, which served as the epicenter of COVID-19
outbreak prior to January 1%, 2020 [6].

The RNA genome of SARS-CoV-2 encodes six major ORFs [7]. Of
these, spike glycoprotein plays the key role in determining viral tro-
pism and mediates binding of the virion to host receptor, ACE2, as a
homo-trimer [8]. Spike protein is composed of two domains, S1 and
S2.51 contains a receptor binding domain (RBD). The C-terminal of
RBD binds to ACE2 following which, the S2 domain induces fusion
of the virion to the host cell membrane, through the exposure of a
highly conserved fusion peptide which is activated by proteolytic
cleavage in conserved S2 [9,10]. In addition, protease priming, ionic
interactions (H+ and Ca2+) induces conformational changes in the
spike protein that eventually dictate the launch of the virion onto
ACE2 [11]. Binding of spike protein to ACE2 receptor is a critical
step as it is believed to correlate with viral infectivity and governs
clinical outcomes [12]. Like SARS-CoV-2, SARS-CoV and HCoV-NL63

use ACE2 human receptor for cellular entry [13].
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In general, RNA viruses are characterized by a high muta-
tion rate probably due to limited fidelity of RNA dependent RNA
polymerase, that replicates viral genome. It is speculated that
genome variability may enable viruses to heighten its virulence,
escape host immunity and develop drug resistance. The present
report thus explores the evolutionary constraints structuring the
genetic landscape of spike glycoprotein of SARS-CoV-2. The pos-
sible functional ramification of the observed spike mutants in rela-
tion to forming complexes with ACE2 and determining Antigenic
properties of the virus are also evaluated. Our study indicates the
possibility that relaxed purifying selection carves the genetic ar-
chitecture of SARS-CoV-2. The study renounces the popular believe
of functional association of spike mutations with increasing SARS-

CoV-2 virulence and host immune response.

Materials and Methods
To carry out the above, 162 sequences encoding gene of spike

glycoprotein of SARS-CoV-2 circulating globally during December,
2019 to February, 2020 were downloaded from NCBI [14]. Spike
gene sequences of BatCoV-RaTG13 (MN996532.1), SARS-CoV
(FJ588686.1) and HCoV-NL63 (NC_005831.2) glycoprotein were
downloaded from NCBI. The sequences were aligned with SARS-
CoV-2 isolate Wuhan-Hu-1 (MN908947.3), the first viral genome
sequenced completely, to identify sequence variants. Genetic pa-
rameters for haplotype and nucleotide diversities, test for neutral-
ity (Tajima’s D, Fu and Li’s D and F statistics) were estimated using
DnaSP v6 [15]. Signature of natural selection was evaluated by es-
timating non-synonymous and synonymous substitution rates us-
ing MEGA vX [16]. McDonald-Kreitman (MK) test was performed
to compare inter- and intra-specific nucleotide changes between
human SARS-CoV-2 and BatCoV-RaTG13 spike protein sequences
[17]. Spike protein sequences of SARS-CoV-2 (6VYB: identical to
Hap1 encoded protein) and SARS-CoV (6ACK) used for homology
modeling were obtained from the RCSB protein database [18]. Be-
sides, amino acid sequences of spike protein for BatCoV-RaTG13
(QHR63300.2) and HCoV-NL63 (YP_003767.1) were extracted
from NCBIL. Homology based structural models of viral spike pro-
teins for SARS-CoV-2, SARS-CoV, HCoV-NL63 and BatCoV-RaTG-
13were built using the template crystal structures with PDB codes
6VYB, 6ACK, 6VXX and 5SZS respectively using SWISS-MODEL
[19]. The models were subjected to further optimization by addi-
tion of hydrogen atoms to preserve global folding and minimize
torsional strain using Accelrys-DS viewer 2.0 (accelrys.com).To
study protein-protein interaction, crystal structure of ACE2 (PDB
code 2AJF) were downloaded from the RCSB. The global binding
energy for interaction between the spike protein and human ACE2
receptor was evaluated using Patch Dock [20,21] and FireDock

[22,23]. To carry out this, 10 best models of interaction between
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ligand and receptor were constructed using PatchDock. Refinement
of all docked poses was carried out to derive the best model with
most favorable global energy using fire Dock server. To study the
binding of spike variants with ACE2, AutoDock (autodock.scripps.
edu/) and Accelrys-DS viewer 2.0software were employed. The co-
ordinates of the side chains of each mutant residue were incorpo-
rated in the homotrimer of Hap1 encoded protein structure using
AutoDock and successive structural refinement was carried out for
energy minimization, as before. A comparison of binding energies
of two alternative forms for all 13 missence and 6 silent mutations
was conducted using AutoDock by considering 31peptides each of
length 12 residues including the variant amino acid. The resulting
docking data were processed and analyzed using PRODIGY soft-
ware [24] followed by evaluation of global binding affinity of the
variant peptide with ACE2 receptor. Linear B cell epitopes of SARS-
CoV-2spike protein was predicted using BepiPred 2.0 assigning a
threshold of 0.55 that corresponded to a specificity cutoff of 80%
[25]. The threshold score of 0.55 was chosen to slightly increase
the specificity without compromising the sensitivity as compared
to a default optimum set up of 0.5.A comparison of residue num-
bers and distribution for predicted epitopes was made among the
observed haplotype (Hap1-13) encoded SARS-CoV-2 spike proteins
and also for spikes of SARS-CoV, HCoV-NL63 and BatCoV-RaTG13.
To compare the region of epitope preference for a certain CoV spe-
cies with ancestral SARS-CoV2 spike predicted epitopes as query
sequence and to account for the percentage query cover BLAST

(https://blast.ncbi.nlm.nih.gov/) analysis was employed.

Results and Discussion

An inspection of 162 sequences representing the gene for spike
glycoprotein of SARS-CoV-2 revealed the presence of 18 nucleotide
variations of which13 caused amino acid replacements. Eight of
these non-synonymous changes mapped to RBD. Eighteen vari-
able sites produced 18 haplotypes that encoded 13 distinct spike
mutant proteins. The one encoded by Hap1l.1 was considered to
be the ancestral type because of its very high abundance. This and
Hap1.6 which also represented ancestral type spike protein were
originated in China (Table 1). In addition, spike proteins encoded
by Hap3 and Hap5 which differed from the ancestral spike pro-
tein (alias Hap1) byY28N and N74K respectively were detected in
China. Spike variants encoded by Hap2, Hap4 and Hap6-13 har-
bored non-synonymous variants namely L5F, H49Y, F157L, G181V,
S221W, S247R, R408I, G476S, D614G, F797C, and A930V, which
presumably originated outside China (Figure 1A). Eleven spike
proteins (encoded by Hap3-13) differed from their ancestral coun-
terpart by a single amino acid change except for Hap2 which had
two alterations (C13T/L5F and G1426A/G476S) existing in linkage

disequilibrium.
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o Variant position Binding affinity Amino acid sequence Global energy
ID Base Amino (Kcal/mol)- in haplotype SEREY (Kcal/mol)
Acid Ancestral, derived
Hap 1.1 Ancestral Reference LYHNFGSSRGDFA 0.736 -21.06
Hap 1.2 C870T D290D -17.2 LYHNFGSSRGDFA 0.006 -21.06
Hap 1.3 G1422A Q474Q -12.5 LYHNFGSSRGDFA 0.025 -21.06
Hap 1.4 C1623T F541F -16.4 LYHNFGSSRGDFA 0.006 -21.06
Hap 1.5 C2472T N824N -15.1 LYHNFGSSRGDFA 0.031 -21.06
Hap 1.6 A2763G K921K -14.0 LYHNFGSSRGDFA 0.012 -21.06
Hap 2 c1sT LoF NA FYHNFGSSRSDFA 0.012 -12.00
G1426A G476S -12.9,-14.8
Hap 3 T82A Y28N -10.5,-12.5 LNHNFGSSRGDFA 0.006 -15.91
Hap 4 C145T H49Y -15.9,-12.8 LYYNFGSSRGDFA 0.006 -15.66
Hap 5 T222A N74K -12.0,-14.3 LYHKFGSSRGDFA 0.006 -11.65
Hap 6 C471A F157L -10.4,-11.8 LYHNLGSSRGDFA 0.006 -6.92
Hap 7 G542T G181V -11.5,-12.1 LYHNFVSSRGDFA 0.006 -5.40
Hap 8 C662G S221W -10.5,-10.2 LYHNFGWSRGDFA 0.006 -3.18
Hap 9 T741G S247R -10.0,-13.1 LYHNFGSRRGDFA 0.006 4.65
Hap10 G1223T R408I -12.6,-15.4 LYHNFGSSIGDFA 0.006 -3.18
Hap11 A1841G D614G -9.5,-10.8 LYHNFGSSRGGFA 0.105 -15.66
Hap12 T2390G F797C -12.9,-14.5 LYHNFGSSRGDCA 0.006 -18.28
Hap13 C2789T A930V -12.8,-15.4 LYHNFGSSRGDFV 0.006 -15.48

Table 1: Haplotypes representing SARS-CoV-2 spike proteins and predicted affinities (residue-wise and global) of spike isoforms for

human ACE2 receptor.

The amino acids indicated in bold letters denote missense alterations.

To assess the efficiency of virus entry to host cell, global bind-
ing energy of each of the 13 spike proteins with ACE2 was enu-
merated. Our analysis revealed that the ancestral spike protein
(alias Hap1) displayed the most favorable interaction with ACE2
as shown by the lowest global binding energy (Figure 1B and ta-
ble 1). This question the validity of hypothesis that mutations in
the gene encoding spike may improve virus entry inside host cell.
This also casts a doubt on the assumption that D614Geases the
entry of the virus into host cell and serves as the basis of a selec-
tive sweep in the virus sequences. Global binding energy of spike
proteins with ACE2 for other human CoVs with varied pathogenic-
ity was estimated (Figure 1C). Estimated energy of interaction of
HCoV-NL63-spike to ACE2 was lower (more favorable) compared
to corresponding spike proteins of SARS-CoV and SARS-CoV-2.
This might explain the undisrupted circulation of HCoV-NL63 in
human since its first isolation [26,27]. The difference in RBD se-
quences of spike protein of HCoV-NL63 from SARS-CoV (82.9%)
and SARS-CoV-2 (71%) could explain the difference in predicted

binding energies [28]. The altered primary structure of the pro-

tein may lead to a topological difference in spike homotrimer and
hence an alteration in the binding complex as indicated by a study
showing that the number of residues contacting ACE2 is lower in
HCoV-NL63-spike (n = 23) compared to those SARS-CoV-2-spike (n
=30) and SARS-CoV-spike (n = 24) [28]. The higher binding affinity
of HCoV-NL63-spike to ACE2 could thus be attributed to the differ-
ence in the three-dimensional surface areas lining the interface of
spike-ACE2 complexes [28]. This is also supported by our obser-
vation that the estimated reside wise binding energy of a mutant
amino acid was lower than the corresponding reference amino
acid for 10 out of 13 mutation in spike protein. Despite this, the
ancestral spike protein which harbored ancestral amino acid at all
13 positions attained the lowest global binding energy when bound
to the receptor (Table 1). The relatively stronger binding affinity in
SARS-CoV-2 compared to SARS-CoV might be related to the rapid
spread of COVID-19 through respiratory droplets [29]. Together,
our analysis revealed that the spike protein of the ancestral variety
which originated in China could engage into ACE2 with the highest
affinity compared to its other low frequency counterparts circulat-

ing in the human population, globally.
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To elaborate the repertoire of antigenic epitopes presented by
spike proteins in CoV mediated infection, linear B cell epitopes
were predicted forSARS-CoV-2, SARS-CoV and HCoV-NL63 (Table
2). Majority of the epitope sequence overlap with a query cover
of 100% for SARS-CoV-2 observed haplotypes, although a limited
number of additional stretch of residues were detected for Hap
2 (405-417: DEVRQIAPGQTGK), Hap 5 (404-419: GDEVRQIAP-
GQTGKIA), Hap 6 (482-489: GVEGFNCY, 617-622: CTEVPV), Hap
7 (404-419: GDEVRQIAPGQTGKIA), Hap 8 (406-413: EVRQIAPG,
487-492: NCYFPL, 1110-1114: YEPQI), Hap 10 (405-419: DEVIQ-
IAPGQTGKIA) and Hap 12 (482-489: GVEGFNCY, 617-622: CTE-
VPV). This finding thus failed to provide support to the specula-
tion that presence of mutations in viral proteins was responsible
for virus mediated fatality. The epitope sequences predicted from
Hap1 of SARS-CoV-2 and SARS-CoV demonstrated 75% similarity
in query cover, while that between Hap1 and BatCoV-RaTG13 dis-
played 99% similarity (data not shown). On the other hand, a very
low query cover (25%) was observed for epitopes of SARS-CoV-2
and HCoV-NL63 spike protein epitopes attributed to sequence dis-
similarity between these two CoV species. The number and length
of predicted epitopes of SARS-CoV-2 (#20.23 + 0.83; 11.05 + 0.71)
and SARS-CoV (#19; 11.00 + 5.77) were higher than that of HCoV-
NL63 (#18; 9.55 * 2.93)]. The cumulative lengths of linear B cell
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epitopes occupied 17.91%, 16.84% and 12.68% of the correspond-

ing spike protein sequences in SARS-CoV-2, SARS-CoV and HCoV-
NL63 respectively. However, one should be cautious to associate

density of the epitopes with the virulence of the virus.

Finally we compared the nucleotide diversity and mismatch
distribution based on 162 spike gene sequences from SARS-CoV-2.
Watterson’s 6 (0.00083 + 0.00027) was 5.9 times higher than nu-
cleotide diversity (m) estimate (0.00014 + 0.00002) due to excess
low frequency variants including singletons, which was also was
reflected in statistically significant negative Tajima’s D** (-2.25175)
and statistically significant D* (-4.63509) and F* (-4.45814). The
pairwise mismatch distribution profile of spike gene sequences did
not deviate from that expected under neutral evolution (Figure 2).
A lower (dn/ds<1) ratio implied a signature of purifying selection
which was further supported by MK test. This statistical test is typi-
cally applied to detect signature of adaptive evolution by comparing
diversity within a species with the divergence between species at
non-synonymous and synonymous sites. A significantly low ratio of
nonsynonymous to synonymous variation observed between spe-
cies (SARS-CoV-2 and BatCoV-RaTG13) compared to that observed
in SARS-CoV-2 virus population (34/225 < 13/5, p < 0.00001) re-

jected any possibility of adaptive selection in the present data set.

D614G A930V

F797C

B chain A
¥ chaing

ACE2-SARS-COV-2
complex

Global energy (Kcal/mol)
-21.06
-18.60
-27.59
-11.44

Figure 1: Interaction model between SARS-CoV-2 spike protein and the human ACE2 receptor (A) Genetic map of SARS-CoV-2 spike

protein highlighting positions of non-synonymous and synonymous amino acid changes. (B) A molecular docking model of SARS-CoV-2

spike protein and human ACE2 receptor. (C) Comparison of spike-ACE2 interactions of two human CoVs and a Bat-CoV based on global

energy estimates.
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KARS-CoV-2 SARS-CoV H-CoV-NL63
Epitope Hapl ‘ Hap 2 ‘ Hap 3 ‘ Hap 4 ‘ Hap 5 | Hap 6 ‘ Hap ‘ HapE‘ Hap 9 ‘ Hap ‘ Hap ‘ Hap ‘ Hap ACU21032.1 YP_003767.1
SeqUENCE 7 10 11 12 13
¥ Map positions: Start-End Sequence Start- Sequence Start-
End End
CVNLTTR | 15- | 15- | 16- | 15- | 15-30 | 15-30 | 15- | 15- | 15-30 | 15- | 15- | 15- | 15- | TKPQPLMDK | 24-38
TQLPPAY | 30 30 | 28¢ | 30 30 | 31% 30 30 30 30 | FSSSRR NA
TN
NVTWFH | 61- | 61- | 62- | 61- | 70- 67- | 61- | 67- | 61-76 | 61- | 61- | 61- | 61- | FLPFDT 50-64 | NQSTSVY 52-58
ATHVSGT 76 76 | 75¢ | 76 74+ 74+ 76 | 76 76 76 76 76
NGT
NA NA ;TFDFLSNASS 112-123
VYYHKNN | 143- | 142- | 143- | 143- | 143- | 141- | 142- | 142- | 143- | 142- | 143- | 142- | 143- | SNEQHY ‘147-152
KSWME 154 | 161* | 162¢ | 154 | 162* | 154* | 154* | 156* | 154 | 154* | 154 | 155* | 154
KQGNFK | 182- | 183- | 183- | 182- | 183- | 181- | 182- | 183- | 182- | 182- | 182- | 182- | 182- NA
187 | 187+ | 187+ | 187 | 187* | 187+ | 187 | 187+ | 187 | 187 | 187 | 187 | 187 NA
INLVRDLP | 210- | 210- | 210- | 210- | 210- | 210- | 210- | 210- | 210- | 210- | 210- | 210- | 210- | DIPRGLPV ‘208—215
QGFS 221 | 220% | 221 | 221 | 221 | 218% | 221 | 218+ | 221 | 221 | 221 | 221 | 221
LTPGDSSS | 249- | 249- | 249- | 249- | 249- | 250- | 249- | 249- | 249- | 249- | 249- | 249- | 240-
GW 258 | 259+ | 258 | 258 | 258 | 258 | 259* | 258 | 259* | 250+ | 250 | 259* | 259%
NA SDVNCNGYQH | 280-290
N
NA LNFSAN 300-305
TNRCP [ 324-328
FNASRFPN [ 333-340
FNATRFA | 342- | 341- | 342- | 342- | 342- | 342- | 344- | 341- | 342- | 344- | 342- | 342- | 342- NA
s 349 | 352+ | 349 | 349 | 340 | 349 | 349+ | 352+ | 350* | 340¢ | 349 | 350* | 349
SFSTFKCY | 373- | 371- | 373- [ 373- | . | 374- | ., | 373- | 373- | , | 373- | 374- | 373- | TFKCYGVSPS | 367-376
GVSPTKL | 390 | 378* | 390 | 379* 390*% 390 | 390 390 | 390% | 390 NA
NDL 384- 384- | 384- 384- 384-
392¢ 390* | 389* 389¢ 389+
# NA | 405- 404- 404- | 406- 405- GVIAD 407-411
417+ NA g10¢ | NA | g90¢ | 413+ | NA | g0 NA NYKLPDD 413419
NLDSKVG | 440- | 440- | 440- | 440- | 440- | 440- | 440- | 430- | 440- | 440- | 440- | 440- | 440- | LKPFERDLTS | 447-462
G 447 | 448* | 447 | 447 | 448% | 448 | 448* | 448* | 247 | 448* | 447 | 247 | 447 | DENGVR
KSNLKPF | 458- | 460- | 458- | 458- | 454- | 461- | 454- | 458- | 458- | 454- | 458- | 461- | 458- ANFLDDN ‘461-46?
ERDISTEL | 475 | 475 | 475 | 475 | 474* | 465+ | 474* | 475 | 475 | 474" | 475 | 465* | 475
TQA 471- 470-
L [ [% |
# 482- 487- 482-
NA apae | NA | 4o NA igoe | NA NA NA
NA NAPATVCGPK | 491-503 | CKPHQVNISL | 500-510
LST N
ATVCGPK ‘ 522- ‘ 519- ‘ 522- ‘ 522- ‘ 522- ‘ 523- | 522- ‘ 525- ‘ 522- ‘ 522- ‘ 522- ‘ 523- ‘ 522- | KRFQS 529-533 | KSGSPGDS 532-539
KSTNL 533 | 532¢ | 533 | 533 | 533 | 533* | 533 | 533* | 533 | 533 | 533 | 534* | 533
NASSEVAVLY | 575-587
NA
NA Qpv
QLTPAWRVY | 600-615 | NSITGVPYPVS | 604-620
STGVNVF GIREFS
r T-
§ w i " ]
PTWRVYS | 631- | 631- | 631- | 631- | 631- | 634- | 631- | 630- | 631- | 631- | 634- | 634- | 631- NA
TGSNVFQ | 644 | 644 | 644 | 644 | 644 | 644* | 644 | 644 | 644 | 644 | 642 | 644* | 644
NSYEC 658- | MA | 658- | 658- | 658- | 658- | 658- | NA | 658- | 658- | 658- | NA | 658- | HTASTLRSVG | 647-674 NA
662 662 | 662 | 662 | 662 | 662 662 | 662 | 662 662 | QKSIVAYTMS
YQTQTNS | 674- | 673- | 674- | 673- | 674- | 674- | 673- | 673- | 674- | 673- | 674- | 674- | 674- | LGAENSIA
PRRARSV | 689 | 689* | 689 | 689* | 689 | 689 | 689* | 689* | 689 | 689* | 689 | 689 | 689
AS
TMSLGAE | 696- | 696- | 696- | 697- | 697- | 696- | 696- | 696- | 696- | 697- | 696- | 696- | 696- RYGLQNLL 702-709
NSVAYS 708 | 708 | 708 | 708+ | 708* | 709+ | 709+ | 708 | 708 | 708 | 708 | 709* | 708 NA
RPRNSSDNGIS | 746-756
NA YKTPAIKDFG | 757-770
GFNF
QILPDPSKPT | 772-781
KTPPIKDF | 790- | 790- | 790- | 790- | 790- | 790- | 700- | 790- | 789- | 790- | 790- | 790- | 790- NA
G 798 | 798 | 798 | 798 | 798 | 798 | 798 | 798 | 798+ | 798 | 798 | 797+ | 798
DPSKPS 808- | 808- | 808- | 808- | 808- | 808- | 808- | 808- | 808- | 808- | 808- | 808- | s08-
813 | 813 | 813 | 813 | 813 | 813 | 813 | 814+ | 813 | 813 | 813 | 813 | 813
NA SNAFSLANVTS | 837-850
FGD
NA PQRNIRSSRIA | 858-869
G
LGTVDY 886-891
# 1110 TVYDPLQP 1104- | KSQSNRYGF 1100-
NA - NA 1111 1108
1114
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*
TVYDPLQ | 1136 | 1136 | 1136 | 1136 | 1136- | 1136- | 1136 | 1136 | 1136- | 1136 | 1136 | 1136 | 1136 | KYFKNHTSPD 1122-
P - - - - 1143 1143 - - 1143 - - - - VDLGDI 1137
1143 | 1143 | 1143 | 1143 1143 | 1143 1143 | 1143 | 1143 | 1143
KYFKNHT | 1154 | 1154 | 1154 | 1154 | 1154- | 1154- | 1154 | 1154 | 1154- | 1154 | 1154 | 1154 | 1154
SPDVDLG - - - - 1169 | 1169 - - 1169 - - - - NA
DI 1169 | 1169 | 1169 | 1169 1169 | 1169 1169 | 1169 | 1169 | 1169
MFQPRLPVL 1178-
1186
NA " VELHTVIP 1122'152
KYVEPNF 1230-
1236
FDEDD 1256 | 1256 | 1256 1256-
- - - NA 1260 NA NA
1260 | 1260 | 1260
STKLPYYEF 1342-
Na 1350

Table 2: Predicted linear B cell epitopes of human corona virus (CoV) species spike protein.

Epitope probability cutoff: = 0.55, Epitope length: > 5 residues.

¥ denotes epitope sequences of ancestral (Hap1) SARS- CoV-2 spike protein.

* denotes any alteration of residue positions of predicted epitopes for SARS-CoV-2 Hap2-13 with ancestral type Hap 1.

# and blue color were used to mark additional epitope sequences and their map positions specified by SARS-CoV-2 Hap2-13.
Red colored stretches denote epitopes that are completely identical between SARS-CoV/NL-63 and SARS-CoV-2.

- —— Freq. Obs.
i - - - - Freq. Exp.

Raggedness statistic (r) = 0.1312

Frequency

4

10 15
Pairwise Differences
Figure 2: Mismatch distribution pattern of SARS-CoV-2 surface
glycoprotein. The pattern of pairwise nucleotide differences in
the SARS-CoV-2 spike protein. The black solid line indicates the
observed distribution and the dotted black colored line indicates

mismatch distribution pattern under neutral expectation.

Conclusion

Taken together, it may be surmised that relaxed purifying selec-
tion due to adroit maneuver of immune system and rapid transmis-
sibility of SARS-CoV-2 due to higher R factor for human-to-human

transmission shape the genetic structure of spike protein. Rather
than genetic alterations mediated efficient host entry, the high viral
titer in the upper respiratory tract of an infected person and shed-
ding of the virus particles from asymptomatic and pre-symptomat-
ic individuals through respiratory and fomite droplets are the most
likely reasons behind virus transmissibility [30,31]. The present
study finds the ancestral haplotype of spike glycoprotein to be the
most agile form. However further enhancement of sample size and
whole genome analysis is critical towards hypothesizing a more so-
phisticated infection strategy of SARS-CoV-2 and embracing a more

refined answer for COVID-19 outburst and its remedy.
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