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Abstract

Spike protein of Coronaviruses help in receptor binding and virus entry into the host
cells. While spike protein helps in receptor mediated virus entry, it is also extremely
important as an immunogen as it is the most accessible part of the viral architecture.
SARS-CoV2 or COVID 19 has four different structural proteins, N (nucleocapsid), M
(membrane), E (envelope) and S (spike). Although all these proteins are the part of
virus structure, only E, M and S are exposed towards the outer surface of the virus
particle. S protein forms a knob like structure protruding outwards beyond the other
structural proteins. It forms homotrimers containing an S1 and S2 as monomers and
together they form the viral spikes. Mutations in structural proteins of virus play crucial
role in viral virulence by determining generation of antibody escape variants and
cellular tropism. In this paper we have performed in depth analyses of spike protein
sequence from various parts of the world and tried to correlate the data with the current
situation of virulent nature of this virus in certain parts of the world much more as
compared to others. Here, we have focussed on the isolates from the North America
and have pointed out three major hot spots of mutations in the S1 subunit.

Introduction

In recent times novel coronavirus 2019/ nCoV-19/ COVID 19/ SARS CoV2 infection
has become a pandemic and matter of concern worldwide. As per the World Health
Organization, as of 11" of April 2020, globally total confirmed COVID 19 cases have
added up to 1,610,909 whereas as many as 99,690 are the number of deceased
individuals. Among all the countries those comprising the Americas have seen the
highest toll of affected individuals (536,664 confirmed and 19,294 deaths) after
Europe. In Europe Turkey, Switzerland, Bosnia and Herzegovina, Andorra and San
Marino have been declared to be facing community transmission whereas within the
Americas, the entire United States of America, Canada, Brazil, Ecuador, Chile, Peru,
Mexico, Panama, Dominican Republic, Combodia and Argentina have been classified
to be experiencing community spread. The entire West Pacific region including the
area of origin of this pandemic i.e. China has only seen sporadic spread.

In this paper we have focussed on COVID 19 isolates of the North American origin to
investigate possible sequence-virulence relation of this virus in United States. We also
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studied the similarities and differences of North American isolates with other variants
of the world.

Spike protein is one of the most important structural protein of SARS CoV2 that plays
the major in virus entry. Spike protein is a 1273aa long protein with two major sub
domains, S1 and S2 (Figure 1). While S1 harbours the receptor binding domain or
RBD and mediates virus attachment to its ACE2 receptor, S2 carries out the function
of fusion to enable successful entry. S2 contains the fusion peptide.

S1 S2
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1 13 685 127%
RBD

Schematic Representation of Spike Protein of COVID 19

Domains of Spike protein (adopted from https://covid-
19.uniprot.org/uniprotkb/PODTC2)

1-12 : Signal peptide

13-685 : S1 (contains Receptor binding domain)
686-1273:S2

(770-778 is the fusion peptide) (Reference: UniRule:
UR000875864)

Figure 1. Schematic showing structural organization of COVID 19 spike protein

For carrying out sequence analyses of COVID 19, we have used the protein
sequence of the spike protein.

Methods

All available full length sequences of COVID-19 spike protein (1-1273) of different
geographical origins belonging to North America (United States of America) (342),
South America (2), Oceania (Australia)(1), China (63) and Europe (14) were
downloaded in FASTA format from severe acute respiratory syndrome coronavirus 2
data hub of NCBI virus database of National Library of Medicine (NLM).

Multiple sequence alignments were done using alignment tool of NCBI virus server as
well as CLUSTAL Omega. Sequence alignments from CLUSTAL Omega was viewed
using MView tool.

Phylogenetic analyses were done using simple phylogeny tool of CLUSTAL W2 using
neighbour joining method.
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Results and Discussion

Multiple sequence Alignment of COVID-19 spike protein sequences from United
States of America showed multiple mutations at few frequent locations whereas some
of the parts of this protein was seen to be conserved. Table 1 shows a summary/ list
of mutations observed in isolates of USA. Although there were many mutations
dispersed at various sites in the spike protein sequence, few mutations occurred more
frequently (Table 2, Figure 2). At position 614, mutation D to G occurred in 99 of the
isolates which is clearly a very frequent mutation.

TABLE 1
Amino acid
range
Amino acid Mutations |Accession number
range
L54F Qls302985
ATV Qlugoe73
Upto 80
T291 Qlse0546
H49Y QHWOB059
E96D Qlse0930
B81-160
D111N QIs61338
T2401 QlUg1585
161-240
G176V Qlse493
241-320
321-400 AJ48T Qls3033s
1. Qls30625
401-480 G476S 2. Qla49as2
3. Qlas0152
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Amino acid
range

Mutations |Accession number

Amino acid
range

641-720

721-800

801-880

881-960

DI36Y

QIS30615

961-1040

1041-1120

A1078V

QIS61254

1121-1200

1201-1273

D1259H

QIS60582

TABLE 1 (CONTD.)
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TABLE 2

List of Occurrence of mutations (Number of
mutations isolates that showed the mutation)
L54F
A27V
T29I
H49Y
E96D
D111N
T2401
Gl76V
A348T
G476S
V483A
A520S
H5190Q
D614G
D936Y
A1078V
D1259H
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Occurrence of mutations
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Figure 2: Overall distribution of mutations in the analysed in isolates from North America.
Graph was plotted based on Table 2. The mutations have been shown in different colours on right
side of the figure.

Receptor binding domain (RBD) of COVID 10 falls between the amino acids 331 and
524 [1]. In the receptor binding domain three different sites were seen to be mutated:
A348T,; G476S and V483A. Out of these, V483A repeated more frequently followed
by G476S (Figure 3).

We compared the sequences of North American origin with all the available sequences
from South America (Figure 4), Europe (Figure 5) and China (Figure 6). In case of
South American isolates, one of the samples showed mutation of position 614 from D
to G as seen in case of the isolates from North America. However, the other mutations
at positions 348, 476 and 483 were not present. None of these mutations were seen
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in Australian isolates. Unlike sequences from Asia, Australia and China, four out of
fourteen European isolates aligned showed the same mutation at position 614 as seen
in case of isolates from USA. It is thus possible that a branch of mutants of European
origin entered USA. Thus, European form of the COVID 19 seems to be closer to that
of American virus type with respect to the spike protein sequence.

Mutation prevalence in the RBD

Number of isolates
showing a RBD
mutation

4
! -
[
A348T G476S V483A A520S
RBD mutations

Figure 3: Distribution of mutations in the RBD of Spike protein in isolates from North America.
X axis shows the mutations and the Y axis shows number of isolates harbouring the mutation.

Sequence Analyses of Spike protein from COVID-19 isolates from South America
Multiple Alignment

1 50 100 150 200 250 300 350 400 450 500 550 E 0 Dsso 700 750 800 850 900 950 1000 1050 100 150 1200 1273
Iz |: 2 2 Pio-up
S 595 - 643 (49r shown) Sl - + @ / ¥, Download » | £ Tools» | &
Sequence ID 596 598 600 602 604 606 6508 610 612 614 616 618 620 622 624 626 628 630 632 634 636 638 640 642 Organism
QISB0288 1 KASKAEST P C TN TS NQEAA G — C TIEAP KA A A ENQERT POr D NEEAEE ST G SN Severe acute respiratory s..
QIG55994.1 KEASKEFET P G TN T S N QK2 A KNI D C INEEAPEE A B A PR eSS ¢ SN Severe acute respiratory s...

Multiple Alignment

1 50 100 150 200 250 300 350 400 asg‘ Do 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1273
Iz Iz r I’ Pie-up
o 460 - 503 (44r shown) &ao - + / / #_ Download ~ | £F Tools» | @ 2 ~
Sequence 1D 460 482 464 465 463 470 472 474 476 478 480 482 484 485 483 490 492 494 49 498 500 502 Organism
QI560288.1 SINEEE P NS S TEESAEEQ A GIS TP CING G c PIERQNSIES ¢ EERQNRITENY G I Severe acute respiratory s..
QIG55994.1 ¥ PSS s TFFWEEQ A G S T P C NG G c PIERONSIEE ¢ IERQWETEN G I Severe acute respiratory s...
Multiple Alignment
|
1 50 100 150 200 250 300 a 350l 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 100 150 1200 1273
r r 2 2 Pio-up
- 314 - 357 (44r shown) f= =) L3 / #, Download » | £ Toolsv | @ 7
Sequence ID 328 330 332 334 3% 338 340 342 344 346 348 350 352 354 3% 358 360 362 354 366 358 370 Organism
QIS60288.1 Bv R FERIIEILEIIFENE V FOMNAR FEUREV Y BUW N NS STND ¢ A A IEEEE S AN Severe acute respiratory s...
QIG55994.1 ¥ P NFET NElc PNl AN A 'SEEEE A DN EEE s8N ¢ K3 A BEEESs KW N Severe acute respiratory s

Figure 4: Sequence alignment of spike protein of South American isolates. Four sites of mutations
that was seen in case of North American isolates have been highlighted here with red arrows: position
614 (upper panel) positions 476 and 483 (middle panel) and position 348(bottom panel)
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Sequence Analyses of Spike protein from COVID-19 isolates from Europe
Multiple Alignment

400 450 500 550 GD Dsso 700 750 800 850 900 950 1000

1 50 100 150 200 250 300 350 1050 1100 150 1200 1273
|u 14 1 14 14 Pio-up
=) 600 - 643 (44r shown) a| : A+ [m]/ ¥, Download ~ | £ Tools~ | @ 7 +
Sequence ID 600 602 604 606 608 610 612 614 616 618 620 622 624 626 628 630 632 634 63 633 640 842  Organism
1QIQ08820.1 ¥ G A G c A A G SIS Severe acute respiratory s...
QIC53204.1 vlmen G A c A A G NSIENIETANE Severe acute respiratory s...
QIC50498 1 Y[R G IMMTENNTUSUNTQIEA A c A ESEE A G SIS Severe acute respiratory s...
QIU78743.1 PN G A c A EEEE A G NSHNNAETANGE Severe acute respiratory s...
QIU78731.1 = G A c A EEETW A G NSINNOITANN Severe acute respiratory s...
QIU78767.1 i G A c A A G ISIENOITANGE Severe acute respiratory s...
QIU78755.1 [ N4 A c A E@NE A G ISINNIETANN Severe acute respiratory s...
(QIA98554.1 Y P G IENNT S UNNQUEA A c A BENE A G SUNNNETANGH Severe acute respiratory s...
1QIQU8830.1 P G TNTS NQKAA c A FEr A FRQERTCE T AR ST G USSR Severe acute respiratory s...
QIM47467.2 YP GiTINT S NQKAA (- A FE A PR EEARE ST G ISR Severe acute respiratory s...
QIQ08790.1 Pl G MENNTUSENNQIEA A (3 A FEr A ERQEFR TP T EEEEARE ST ¢ USRI Severe acute respiratory s...
QIU78719.1 ¥l ¢ IMENNTUSUNUQIEA A KAEAEAQY G c IVIEEEA P KA A FErY A FRQER TP N IREEARE ST ¢ IS Severe acute respiratory s...
QIU78707.1 PG TINT S NQKAA G (] A FE A FRQERTS T AR A ST G NS Severe acute respiratory s...
QIU78779.1 ¥ IPI G MENITUSINQUEA A G c A FE A FRQOERTISTT AR RS ¢ NSNS Severe acute respiratory s...
Multiple Alignment
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A
[QIQ08820.1 X XISIMEEEEEE X X G X X X CINGEEE XxEIX X X X X X XISIE#G X X X XINIG KA x ElQIPI X X X X Severe acute respiratory s...
|QIC53204.1 YIRS ST TIEEEEEE0Y A G ISR C INE G G NI C GIEElQ P T N G G SRR Severe acute respiratory s...
[QIC50498.1 |52 A G ESINTEPN C BN G G c G G G IEENQN RN IS S vere acute respiratory s...
|QIU78743.1 2 EEEE S TIEEEEEE0) A G ISR C INI G G c GIEMQ P T N G G RO SN Severe acute respiratory s...
[QIU78731.1 Y EEEE S TIEEEEEE0N A G USITURL C INI G G c G G G IEENQNPY I N S vere acute respiratory s...
|QIU78767.1 ¥ IS T ICESEEE01 A G ISITIRI C NI G G c G G G IEENON PN AN Severe acute respiratory s...
[QIU78755.1 B2 D I ESRAE T Y KNV c il G G c G G G IEENON P IS 5o vere acute respiratory s...
[QUA98554.1 3 A ¢ INEEEDE c BN G G i cIElQ P TN G G IFENON P AN S vere acute respiratory.
1Q08830.1 FlFds T CESWEQ A G cll G G cCFEArElQ sFAcHEEQ P T N G G IFENOW S I Severe acute respirat
|QIM47467.2 A ¢ INENEDE c I G G cFEEArFEQ sFAcEEQ P T N G G IFENQN BN I Severe acute respiratory s...
|QIQ08790.1 Mo 1 EiSgs Y A ¢ INEEEDE c Bl G G cFEArElQ sFAcElQ P TN G G INENQN BN I Severe acute respiratory s...
[QIU78719.1 > FIASs TIFSWEA0 A ¢ ST P CIN G G cFEArFlQ sFAcHEEQ P T N G G IFENQN S A Severe acute respiratory s...
QIU78707.1 IV IFESESTIEEEEEEQN A G ISWENeN ¢ N G GIEN cFEA PN Q sFAcElQ P T N G G IFENQN BN I Severe acute respiratory s...
[QIu78779.1 2 0 1 E I Y A G ciml G G c Flldl » B3 il c o P TNIG G IFENQN P IEE WA 5 vere acute respiratory s...
Multiple Alignment
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[QIQ08820.1 Y SEAWAP NEST NEAC G A TN A A c A Severe acute respiratory s...
[QIC53204.1 YIS EEAWE P NEST NEAc PHEG AT ENEE A A c A Severe acute respiratory
[QIC50498.1 v c G A TN A A c A Severe acute respiratory
QIU78743.1 Y SEEAWAP NEST NEAC G A A A c A Severe acute respiratory
QIU78731.1 S ISEEANEP NENT NEAC G A A A c A Severe acute respirat
QIU78767.1 YISEHEAWAP NEET NEFAc PHEIG A A A c A Severe acute respiratory s...
QIU78755.1 i c G A A A c A Severe acute respiratory s...
[QIA98554.1 T SFEAWA P NEAT N c P c AN A TENE A SEEE A CDINEESEEE S N ¢ K2 A FIFA s EEFAFA'N S| Severe acute r
QIQoss3n.t ¥ s P INER TN c ‘Pl G A TN A A c A Severe acute ory ...
QIM47467.2 S sSEFEAWAr NBEAT NFAC G A A A c A Severe acute respiratory s...
QIQU8790.1 | c G A A A e A Severe acute respiratory ...
QIU78719.1 Y sSEEAEWAr NFEAT NFEAC G A A A c A Severe acute respiratory s...
RQIU78707.1 YSFEAWAP NEET NEAC Al G A A A (3 A Severe acute respiratory s...
QIU78779.1 v c G A A A (o A Severe acute respiratory s...

PROTEIN: 325 - 371 (47r shown)

Figure 5: Sequence alignment of spike protein of European isolates. Four sites of mutations that
was seen in case of North American isolates have been highlighted here with red arrows: position 614
(upper panel) positions 476 and 483 (middle panel) and position 348(bottom panel). Position 614 of
four of the isolated showed D to G mutation similar to the USA counterparts.

We compared all available sequences from China but none of the highlighted
mutations were found to exist in the Chinese sequences (Figure 6). Thus, the virus
that continues to spread in the America is different based on this sequence analyses
of spike protein than the original Wuhan virus.
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Sequence Analyses of Spike protein from COVID-19 isolates from China
Multiple Alighment
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Sequence ID 594 596 598 600 602 604 606 608 610 612 614 616 618 620 622 624 626 628 630 632 634 63 63  Organism
CRASKABET P G T N T S N QKA A KEWI D_V C IMEEEE P A A EEEE A ERQEEART R N ST G | Severe scute respiratory
CEESEKABET P ¢ T N T S N 0N A KA DV (et e VESVENT HENDO LD LEIIRSW RV Y B e e
CEESEAET P G TIN'T S N QKA KEEEOEEAN C TIEEAP? KA A BRI ACRQOEET P TEMMANE S T G Sersscse espratory
G KA'S WAEE T P G ITUNUTUSINIQEA A KAEEE QAN C T IEERE P KA A EEE A ERQER T P OT BN ST G |Severs acute respiratory
CRESKABET P G T N T S N 0NN DV C MUEEERA P EA A EEET A EROEAN TR T B M ST G | Severe acute respiratory.
CRESKABET P ¢ T N T S N 0NKA A KA D_V C AP KA A EECE A EROERT P T I A ST G |Severe scte respiratory
CEESEKEET P G TINIT SIN'QEE A KEINEOEEAN C TIEEP? KI A FTACROEET P T MNANE S T G |Seersscas espraton
G KA'S KAES T P G (TUNITOSINIQEA A KAEES QEEAN C T A P KA A ElS A ERQOEN T PO B MENEAEE ST G |Severe scute respiratory
G KESEKEET PG ITINIT SINIQEA A KNS QEEAN C TEEEP KA A BT A EROEE T POT I MENEANE ST G [Severe scute respratory
1S3 G KASEEET P G TONITUSINTQOEA A KIS OEEAN C TIEAP KA A BT A EROEE T POT I MNEAEE ST G Severs scte respratory
T530030.1 G KA'S KASE T P G ITUNITOSINUQEA A KNS QNN C TIEEA P KA A Y A EROEET P OT B MENKAEE ST G Severe scte respiratory
I530032.1 CRESKAEET P G TINIT SINIQEA A KANEQEEAN C TEEEPEE A B ALNOENT P THEMENANE S T G |Seereaco: espratony
Enoezx:z.x SR VESV TR R I VRSV L YEND VORI E VESVENT HRWDO DL EIEREW RV Y B e el
JRUSBEZA.T CERASEKABET P C' TN T S N ORAANEMEIOEEAN C TEEAP KA A BT A D L W R VY G |Severe acute respiratory ..
AN73810.1 2 G G TNTS NQKAEANEWEQENAN C A EECE A ERQERTOROT S MENEAEN ST G | Severs scute respiratory
RQHUZEEZA.T 2 c KESEEET P G ITINIT SINTQEA A KA OEREAN ¢ TIEEA P KA A BT A FROEE T PO RN ST G Ssiers acut respiratory
EHU%W S EASEEET P ¢ TINITISINIQOEA A A ONREAN ¢ TIEEA P KA A BT A FROEE T PO ENEANE ST G Severs scue raspratory
255541 ¢ FESEEET P ¢ TINIT SINTQEE A FAEEEOFREAN ¢ TP KA A FEE A FROFE T p T ENEEEE 8 T G |Secere sce raspratory
HN73755.1 G G IPINITUSINTOEA A KA OFEAN ¢ TP KA A BT A PR T P Or i NS ST G |Severe scute respiratory
RARESZS0.Z G G TNTSNOKAX c ABEECE A G |Severe acue respiratory
IQHZ00338.1 G GT N TS NQKAA c A FECE A FRQERT P i A S G | Severs scute respiratory
RAUZEESA.T CEESKEET P ¢ TN T S NOKIANEMEIOCFREAN Cc *FEEAPEAAFEN I AFEONET p ¢ N INEANE 8 T G Seereace espraton
TUSI765.1 P cEASEEET P C ITINIT SINCQOEA A AT OFEAN ¢ TIA P KA A FE T A FROBET p T INEAEE S T G |Seere scute respiratory
ar 7.1 2 KESEEET P 6 TINIT SINIQEA A KENEEQEEAN ¢ TIEA P KA A Bl A BRQEN T P v I MENAEE ST G |Ssvers acute respiratory
1U81801.1 2 ¢ KESEEET P ¢ PUNITISINTQEA A KEIEQNEAN ¢ A P KA A FErE A PR T p O T INEAEE S G | Severe acue respiratory
! * c KESEEET P ¢ ITINITISINGQEA A KAIEEOFEAN ¢ (rFA K2 A FErE A FROEE T p I INEAEE 8 G |Severe sce respratory
2 -1 P CEASEKEET P G ITINIT SINIQEA A KAEEOFEAN C TIA P KA A BT A PO T P T EMNEAEE S T G |Ssersacue raspiratory
TUSTE7ST P CEASEEET P ¢ TINIT SINTQEA A KEAEAOENAN ¢ TIEEAP KA A BT A BROEET P T EMEEAEE S T G |Secere acue respraton
2 ¢ FRESEEET P ¢ IPINIFISINTQEE A KA REAN ¢ 'TFEA P KA A FEN A FRQEAR T P BTN S G Severe scte respiratory
IU81/59.1 Z c FEASEEET P G ITINNTISINTQOEA A KEIEEOFREAN C (TIEA P K2 A FE A PROEFR T p o B IS ST G |Seers e raspratory |
TUBTBEL.1 2 G KESEEEST PG ITONITUSINIQEA A KAEEEE QO EEAN C TEEA P KA A BB A ERNOER T POT I MENAEE ST G |Severs scute respiratory
TUSTEZS.1 T CRESEEEET P G TONCT SONCQORA A KAEE QAN C TEERAP KA B I A DNOEET P OTEACEAARE S T G S acos esoratory
S KESEKEET P G ITINITOSINTOEA A KR QAN C TIEA P KA A BT A PR T PO NS ST G |Ssvere scte respiratory
Y ¢ KESEEET P G ITINIT SINCQOEA A KENEE QAN C TEEAP KA A BBY A EROEN T P OT I MENCEEE ST G |Sserescote rasprator
S G KASEKEEST P GITINITOSINGQEA A RAENEE QAN C TEEEP KA A Bl A ENOENT POT I MENCEEE ST G |Ssers ac.e raspratory.
SR VESV TR R T VRNV L YEND VOISR E VESVENT HERNO L EAEREW R_V_Y B ey et
26 KASEEEE TR G ITUNITUSINTOEA A AR OEEAN ¢ (TEEE P EE A B A PR P S ST G | Severs acue raspiratory
¢ KESEEEET P G ITINSTOSINCQOEAE A KEEEOEEAN C TIEEA P KA A B A EROEN T POT S MENEEEE ST G |Ssiere scite raspratory
2 G KASIAER TR G ITUNITUSINGQEA A RAREEE QAN C ITEERE P A A BEE A ERQERT P OT S MR ST G |Severs acute respiratory
[ VESV TR D DI VRSV L YIAD VEINEENE VESVENT HEWO D LEIEEEW R VY RIS e e
CEESEEET P G TONIT SINTOEA A KIS OEEEN C TIEEEPEE A T A CROBET P OT L EENANE 8 T G |Severe acue respratory
CEESEEET P G ITINIT SINTOEA A KNS QNN C TIEEP KA A B A CROEET P T MFEAEE S T G |Seereacs respratory
G KASEKEEST P G ITINITOSINGQEA A KNS QEEAN C TEEA P KA A Bl A ERQOEE T POT S MENEEEE ST G |Seers ace raspiratory
2 G KASEKEEET PG ITUNITUSINSQEA A KA QAN C ITEEE P RS A Bl A ERQEN TP OT SN ST G |Severs acute respiratory
B VESV TR NGRS D DI VRSV L YA D VOIRERSE VESVENT HEWD LD LESREREEW R VY B e e e
Y c ERSEEET P G PINIT SUNCQEA A KA QEREAN ¢ TP K2 A FES A FRQOEE T p v I INEEEE 8 T G |Seersace raspratory
¢ ERASEEET P ¢ PINITISINGQOEE A KSR OFEAN ¢ A KA A FErT A FROEFR T p e B NSNS G Seere scte respratory
2 c KASEEET P ¢ I TINITISINIQOEA A FAEAEA QAN ¢ TIFA P KA A BT A FROEE T PN MENAEE ST G Severs scute respratory
P cEASEKEET P G ITINIT SINTQEA A KA QEEAN ¢ TIEEAP KA A BT A BRQEET P T MENANE S T G Secere scus respiratory
* ¢ KESEEET P ¢ PINITISINGQEA A KEIEAQREAN ¢ 'TIFEA P KA A Bl A FRQEE T p I INEAEE ST G |Ssere sce respratory
SCEESEEET P G TNIT S NQEE A KEMEIOCFREAN ¢c AP KA AFE T AR T P T IEEEE 8 T G Seere s raspraton
2 ¢ KESEEFET P c ITINITISINIQEA A KA O FEAN C TIFA P KA A FET A FROEE T P Or i MRS ST G |Severs acute raspiratory
P GERASEEEET P G YINIT SINTQOEA A KA OENAN ¢ TIEEA P KA A BT A BNOEET P T MENEEE S T G |Severs acue respratory
¢ KRSEEET P ¢ TINITISINTOEA A KEAREOREAN ¢ TIEEA P KA A FErE A PR T POr T ENEAEE ST G [Ssiere scte raspratory .
S cERSEKEET P ¢ TINUT I SINGQOEE A KEMEROFEAN ¢ 'TFEA P KA A FEE A PR T P T NEEEE ST G |Seers sce respratory
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Figure 6: Sequence alignment of spike protein of Chinese isolates

This study revealed that the spike protein of COVID 19 virus of USA is mutating at
various sites. To determine if this virus is evolving in different clusters, we performed
phylogeny of all the available 342 American spike protein sequences. It was observed
that this virus diverged in at least twenty clusters. Out of these three major clusters
were prominent. Cluster 1 was comprised of mutation G476S (Figure 5A) and cluster
2 had mutation V483A (Figure 5B). All these mutations fall in the RBD of the spike
protein. Thus, the RBD mutants might be evolving into different directions which might
also get reflected in the infectivity of these isolates.

Mutation at 614 from Aspartic acid to glycine which appeared in almost 99 isolates
formed a very big cluster. Mutation from Aspartic acid to glycine is a potentially crucial
change in a protein sequence as Aspartic acid is a big negatively charged, acidic
amino acid and on the other hand Glycine is a small neutral amino acid.
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Figure 7: Phylogeny of Spike protein sequences of North America. Panel A shows cluster with
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Figure 8A: Phylogeny of Spike protein sequences of North America. Cluster with mutation D614G.
This is a very big cluster and thus it has been shown in four parts compiled in figures 8A and 8B
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Figure 8B: Phylogeny of Spike protein sequences of North America. Cluster with mutation D614G.
This is a very big cluster and thus it has been shown in four parts compiled in figures 8A and 8B

While many mutations have been identified in the S protein, there are portions of S
protein that remained unchanged and might be conserved. These are the portions
lying between 241-320; 641-880, 961-1040 and 1121-1200. Out of these major part of
the sequence between 641-880, 961-1040 and 1121-1200 fall in the S2 domain of the
spike protein. This indicates that majority of the conserved or non-changing zones fall
in the S2 domain and thus could be used for designing therapeutic candidates or as
antiviral targets. These features should also be taken care of while designing vaccine

candidates for this virus where S protein is used as target.

The data presented here is based on the currently available sequences. Further
sequencing from other parts of the North America and other countries would shed

more light on the nature of this virus.
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