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Abstract

Background: China announced an outbreak of new coronavirus in the city of Wuhan on December 31, 2019; lash to now, tD

virus transmission has become pandemic worldwide. Severe cases from the Huanan Seafood Wholesale market in Wuhan were
confirmed pneumonia with a novel coronavirus (2019-nCoV). Understanding the molecular mechanisms of genome selection and
packaging is critical for developing antiviral strategies. Thus, we defined the correlation in 10 severe acute respiratory syndrome
coronavirus (SARS-CoV2) sequences from different countries to analyze the genomic patterns of disease origin and evolution aim-
ing for developing new control pandemic processes.

Methods: We apply genomic analysis to observe SARS-CoV2 sequences from GenBank (http://www.ncbi.nim.nih.gov/gen-
ebank/): MN 908947 (China, C1), MN985325 (USA: WA, UW), MN996527 (China, C2), MT007544 (Australia: Victoria, A1),
MT027064 (USA: CA, UC), MT039890 (South Korea, K1), MT066175 (Taiwan, T1), MTO66176 (Taiwan, T2), LC528232 (Japan,
J1), and LC528233 (Japan, J2) for genomic sequence alignment analysis. Multiple Sequence Alignment by Clustalw (https://www.
genome.jp/tools-bin/clustalw) web service is applied as our alignment tool.

Results: We analyzed 10 sequences from the National Center for Biotechnology Information (NCBI) database by genome align-
ment and found no difference in amino acid sequences within M and N proteins. There are two amino acid variances in the spike
(S) protein region. One mutation found from the South Korea sequence is verified. Two possible “L” and “S” SNPs found in ORF1ab
and ORF8 regions are detected.

Conclusion: We performed genomic analysis and comparative multiple sequences of SARS-CoV2. Studies about the biological

symptoms of SARS-CoV?2 in clinic animals and humans will manipulate an understanding on the origin of pandemic crisis.
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1. INTRODUCTION

The severe acute respiratory syndrome coronavirus (SARS-CoV)
and the Middle East respiratory syndrome coronavirus (MERS-
CoV) transmitted from animals to humans have caused severe
pneumonia in the world.! SARS emerged in 2002 in Guangdong,
China, and its subsequent global spread resulted in 8096 infected
cases and 774 deaths.? After China announced an outbreak of
a new coronavirus in the city of Wuhan on December 31,2019,
lash to now, the world has become pandemic. Severe cases from
the Huanan Seafood Wholesale market in Wuhan were con-
firmed pneumonia with the infection of a novel coronavirus
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(2019-nCoV),*> named SARS-CoV2 (International Committee
on Taxonomy of Viruses).*’

Classification of coronavirus divided into subfamily of
the Coronaviridae: four genera (a, B, p and 8). Both SARS-
CoV2 (2019) and SARS-CoV1 (2003) belong to coronavirus.®
Structural biology analysis of Wuhan coronavirus SARS-CoV2
divided it into ORF1ab, S, ORF3,E, M, ORF6, 7a, 8,and ORF10.
The spike (S) protein allows the virus to attach the membrane
of the host cell and the N (nucleocapsid) protein holds the virus
RNA genome. The E (envelope) and M (membrane) alone with S
protein form a viral envelope.” The nonstructural RNA genome
of ORF1ab, ORF3, ORF6, 7a, 8, and ORF10 contains highly
conserved information for genome replication.’

The coronavirus transmission starts from attaching host
cell membrane receptors before endocytosis to enter host cells.
RNA genel of virus genome then begins its replication and
synthesizes the subgenomic RNAs with new transcription
afterward. Since then, N protein and new genomic RNA assem-
ble to form helical nucleocapsids, which will interact with M
protein inserted in endoplasmic reticulum and anchored in
host Golgi. E and M proteins then begin to trigger budding
processes. S together with helical N translates on membrane-
bound polysomes rough endoplasmic reticulum and is trans-
ported to Golgi. Finally, virions are released by exocytosis to
finish the life cycle and replication of the virus.’

SARS-CoV1 transmits possibly through bat and civet as inter-
mediate hosts, and finally to human with the symptoms of severe
respiratory impacts and 10% mortality rate. However, Wuhan
SARS-CoV2 is suspected to be transmitted from bat (RaTG13) to
pangolin as intermediate host before it is transmitted to humans
by some unknown mechanisms with symptoms of severe respira-
tory impacts and unclear mortality rate.!® The genomic sequence
of RaTG13 cited the 96% similarity with the Wuhan coronavi-
rus.'! Although intermediate host is not clear, genomic sequence
comparison obviously demonstrates S receptor-binding domain
(RBD) of Wuhan SARS-CoV2 with the similarity in 90% homolog
of pangolin. Then, pangolin might contribute the S protein region
to be cross-transmitted to RATG13 to a recombinant new mutant
Wuhan SARS-CoV2 to transmit to human finally.!?

The S protein of SARS-CoV1 and SARS-CoV2 responsible
for viral entry mediates the binding to host cell membrane of
angiotensin-converting enzyme 2 (ACE2) through its RBD."?
The surface glycoprotein of spike of SARS-CoV comprises two
components: S1 and S2. The S protein of SARS-CoV2 binds to
the host receptor ACE2 through its S1 subunit, which contains
RBD, followed by fusing the viral and host membranes through
the S2 subunit, which contains the fusion peptide primed by
host protease. To prime the fusion of viral membrane with host
membrane, SARS-S is cleaved by a cellular protease called cath-
epsin L, thereby exposing the S2 domain of the S protein for
membrane fusion, followed by endocytosis and forms low pH
endosomes.'*

Understanding the molecular mechanisms of genome selec-
tion and packaging is critical for developing antiviral strategies.
Thus, in this report, we compared SARS-CoV2 sequences from
different countries to analyze the genomic patterns of disease
origin and evolution, providing genomic information for the
development of new control methods against the worldwide
SARS-CoV2 pandemic.

2. METHODS

2.1. Sequence resource

Studies focus on evolutionary and phylogenetic analyses have
applied in disease progression for Wuhan lung pneumonia treat-
ment. Herein, we apply genomic analysis to observe SARS-CoV2
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E protein alignment

UC MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLCAYCCNIVNVSLVKPSFYVYS
Al MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLCAYCCNIVNVSLVKPSFYVYS
UW MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLCAYCCNIVNVSLVKPSFYVYS
C2 MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLCAYCCNIVNVSLVKPSFYVYS
Cl MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLCAYCCNIVNVSLVKPSFYVYS
Tl MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLCAYCCNIVNVSLVKPSFYVYS
T2 MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLCAYCCNIVNVSLVKPSFYVYS
J2 MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLCAYCCNIVNVSLVKPSFYVYS
J1 MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLCAYCCNIVNVSLVKPSFYVYS
K1 MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTAHRLCAYCCNIVNVSLVKPSFYVYS

UC RVKNLNSSRVPDLLV
Al RVKNLNSSRVPDLLV
UW RVKNLNSSRVPDLLV
C2 RVKNLNSSRVPDLLV
Cl RVKNLNSSRVPDLLV
Tl RVKNLNSSRVPDLLV
T2 RVKNLNSSRVPDLLV
J2 RVKNLNSSRVPDLLV
J1 RVKNLNSSRVPDLLV
K1 RVKNLNSSRVPDLLV

Fig. 1 Genomic analysis of E protein amino acid sequence. We found
one amino acid mutation at “H” from South Korea comparing the “L” from
other nine sequences. Yellow line indicates the difference in 10 sequence
alignments.

M protein alignment

J1 MADSNGTITVEELKKLLEQWNLVIGFLFLTWICLLQFAYANRNRFLYIIKLIFLWLLWPV
J2 MADSNGTITVEELKKLLEQWNLVIGFLFLTWICLLQFAYANRNRFLYIIKLIFLWLLWPV
K1 MADSNGTITVEELKKLLEQWNLVIGFLFLTWICLLQFAYANRNRFLYIIKLIFLWLLWPV
T1 MADSNGTITVEELKKLLEQWNLVIGFLFLTWICLLQFAYANRNRFLYIIKLIFLWLLWPV
T2 MADSNGTITVEELKKLLEQWNLVIGFLFLTWICLLQFAYANRNRFLYIIKLIFLWLLWPV
Cl MADSNGTITVEELKKLLEQWNLVIGFLFLTWICLLQFAYANRNRFLYIIKLIFLWLLWPV
C2 MADSNGTITVEELKKLLEQWNLVIGFLFLTWICLLQFAYANRNRFLYIIKLIFLWLLWPV
UW MADSNGTITVEELKKLLEQWNLVIGFLFLTWICLLQFAYANRNRFLYIIKLIFLWLLWPV
Al MADSNGTITVEELKKLLEQWNLVIGFLFLTWICLLQFAYANRNRFLYIIKLIFLWLLWPV
UC MADSNGTITVEELKKLLEQWNLVIGFLFLTWICLLQFAYANRNRFLYIIKLIFLWLLWPV

J1l TLACFVLAAVYRINWITGGIAIAMACLVGLMWLSYFIASFRLFARTRSMWSFNPETNILL
J2 TLACFVLAAVYRINWITGGIAIAMACLVGLMWLSYFIASFRLFARTRSMWSFNPETNILL
K1 TLACFVLAAVYRINWITGGIAIAMACLVGLMWLSYFIASFRLFARTRSMWSFNPETNILL
Tl TLACFVLAAVYRINWITGGIAIAMACLVGLMWLSYFIASFRLFARTRSMWSFNPETNILL
T2 TLACFVLAAVYRINWITGGIAIAMACLVGLMWLSYFIASFRLFARTRSMWSFNPETNILL
Cl TLACFVLAAVYRINWITGGIAIAMACLVGLMWLSYFIASFRLFARTRSMWSFNPETNILL
C2 TLACFVLAAVYRINWITGGIAIAMACLVGLMWLSYFIASFRLFARTRSMWSFNPETNILL
UW TLACFVLAAVYRINWITGGIAIAMACLVGLMWLSYFIASFRLFARTRSMWSFNPETNILL
Al TLACFVLAAVYRINWITGGIAIAMACLVGLMWLSYFIASFRLFARTRSMWSFNPETNILL
UC TLACFVLAAVYRINWITGGIAIAMACLVGLMWLSYFIASFRLFARTRSMWSFNPETNILL

J1 NVPLHGTILTRPLLESELVIGAVILRGHLRIAGHHLGRCDIKDLPKEITVATSRTLSYYK
J2 NVPLHGTILTRPLLESELVIGAVILRGHLRIAGHHLGRCDIKDLPKEITVATSRTLSYYK
K1 NVPLHGTILTRPLLESELVIGAVILRGHLRIAGHHLGRCDIKDLPKEITVATSRTLSYYK
T1l NVPLHGTILTRPLLESELVIGAVILRGHLRIAGHHLGRCDIKDLPKEITVATSRTLSYYK
T2 NVPLHGTILTRPLLESELVIGAVILRGHLRIAGHHLGRCDIKDLPKEITVATSRTLSYYK
Cl NVPLHGTILTRPLLESELVIGAVILRGHLRIAGHHLGRCDIKDLPKEITVATSRTLSYYK
C2 NVPLHGTILTRPLLESELVIGAVILRGHLRIAGHHLGRCDIKDLPKEITVATSRTLSYYK
UW NVPLHGTILTRPLLESELVIGAVILRGHLRIAGHHLGRCDIKDLPKEITVATSRTLSYYK
Al NVPLHGTILTRPLLESELVIGAVILRGHLRIAGHHLGRCDIKDLPKEITVATSRTLSYYK
UC NVPLHGTILTRPLLESELVIGAVILRGHLRIAGHHLGRCDIKDLPKEITVATSRTLSYYK

J1 LGASQRVAGDSGFAAYSRYRIGNYKLNTDHSSSSDNIALLVQ
J2 LGASQRVAGDSGFAAYSRYRIGNYKLNTDHSSSSDNIALLVQ
K1 LGASQRVAGDSGFAAYSRYRIGNYKLNTDHSSSSDNIALLVQ
T1 LGASQRVAGDSGFAAYSRYRIGNYKLNTDHSSSSDNIALLVQ
T2 LGASQRVAGDSGFAAYSRYRIGNYKLNTDHSSSSDNIALLVQ
Cl LGASQRVAGDSGFAAYSRYRIGNYKLNTDHSSSSDNIALLVQ
C2 LGASQRVAGDSGFAAYSRYRIGNYKLNTDHSSSSDNIALLVQ
UW LGASQRVAGDSGFAAYSRYRIGNYKLNTDHSSSSDNIALLVQ
Al LGASQRVAGDSGFAAYSRYRIGNYKLNTDHSSSSDNIALLVQ
UC LGASQRVAGDSGFAAYSRYRIGNYKLNTDHSSSSDNIALLVQ

Fig. 2 Genomic analysis of M protein amino acid sequence. We do not
observe any mutation in 10 sequences of M protein region.

sequences from GenBank (http://www.ncbi.nim.nih.gov/gene-
bank/): MN 908947 (China, C1), MN985325 (USA: WA, UW),
MN996527 (China, C2), MT007544 (Australia: Victoria, A1),
MT027064 (USA: CA, UC), MT039890 (South Korea, K1),
MT066175 (Taiwan, T1), MT066176 (Taiwan, T2), LC528232
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N protein alignment S protein alignment

J1 MSDNGPONQRNAPRITFGGPSDSTGSNONGERSGARSKQRRPOGLPNNTASWFTALTQHG J1 MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
J2 MSDNGPQNQRNAPRITFGGPSDSTGSNQONGERSGARSKQRRPQGLPNNTASWFTALTQHG J2 MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
K1 MSDNGPQONQRNAPRITFGGPSDSTGSNONGERSGARSKQRRPQGLPNNTASWFTALTQHG UW MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFES
T1 MSDNGPQNQRNAPRITFGGPSDSTGSNONGERSGARSKQRRPQGLPNNTASWFTALTQHG UC MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
T2 MSDNGPQONQRNAPRITFGGPSDSTGSNONGERSGARSKQRRPQGLPNNTASWFTALTQHG Al MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS

T2 MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
Cl MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
C2 MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
T1 MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
K1 MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS

Cl MSDNGPQNQRNAPRITFGGPSDSTGSNONGERSGARSKQRRPQGLPNNTASWFTALTQHG
C2 MSDNGPQONQRNAPRITFGGPSDSTGSNONGERSGARSKQRRPQGLPNNTASWFTALTQHG
UW MSDNGPQNQRNAPRITFGGPSDSTGSNONGERSGARSKQRRPQGLPNNTASWETALTQHG
Al MSDNGPQNQRNAPRITFGGPSDSTGSNQNGERSGARSKQRRPQGLPNNTASWFTALTQHG
UC MSDNGPQNQRNAPRITFGGPSDSTGSNONGERSGARSKQRRPQGLPNNTASWETALTQHG

J1 NVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIV

J1 KEDLKFPRGQGVPINTNSSPDDQIGYYRRATRRIRGGDGKMKDLSPRWYFYYLGTGPEAG J2 NVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIV
J2 KEDLKFPRGOGVPINTNSSPDDOIGYYRRATRRIRGGDGKMKDLSPRWYFYYLGTGPEAG UW NVTWFHATHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNI IRGWIFGTTLDSKTQSLLIV
K1 KEDLKFPRGQGVPINTNSSPDDQIGYYRRATRRIRGGDGKMKDLSPRWYFYYLGTGPEAG UC NVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIV
T1 KEDLKFPRGQGVPINTNSSPDDQIGYYRRATRRIRGGDGKMKDLSPRWYFYYLGTGPEAG Al NVTWFHATHVSGTNGTKREDNPVLPFNDGVYFASTEKSNI IRGWIFGTTLDSKTQSLLIV
T2 KEDLKFPRGQGVPINTNSSPDDQIGYYRRATRRIRGGDGKMKDLSPRWYFYYLGTGPEAG T2 NVTWFHAIHVSGTNGTKREFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIV
Cl KEDLKFPRGQGVPINTNSSPDDQIGYYRRATRRIRGGDGKMKDLSPRWYFYYLGTGPEAG Cl NVIWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIV
C2 KEDLKFPRGQGVPINTNSSPDDQIGYYRRATRRIRGGDGKMKDLSPRWYFYYLGTGPEAG C2 NVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIV
UW KEDLKFPRGQGVPINTNSSPDDQIGYYRRATRRIRGGDGKMKDLSPRWYFYYLGTGPEAG T1 NVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIV
Al KEDLKFPRGQGVPINTNSSPDDQIGYYRRATRRIRGGDGKMKDLSPRWYFYYLGTGPEAG K1 NVTWFHATHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNITRGWIFGTTLDSKTQSLLIV

UC KEDLKFPRGQGVPINTNSSPDDQIGYYRRATRRIRGGDGKMKDLSPRWYFYYLGTGPEAG
J1 NNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLE

J1 LPYGANKDGIIWVATEGALNTPKDHIGTRNPANNAAIVLOLPQGTTLPKGFYAEGSRGGS J2 NNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLE
J2 LPYGANKDGIIWVATEGALNTPKDHIGTRNPANNAAIVLOLPQGTTLPKGFYAEGSRGGS UW NNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLE
K1 LPYGANKDGIIWVATEGALNTPKDHIGTRNPANNAAIVLQLPQGTTLPKGFYAEGSRGGS UC NNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLE
T1 LPYGANKDGIIWVATEGALNTPKDHIGTRNPANNAATVLQLPQGTTLPKGFYAEGSRGGS Al NNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLE
T2 LPYGANKDGITWVATEGALNTPKDHIGTRNPANNAATVLOLPQGTTLPKGFYAEGSRGGS T2 NNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLE
C1 LPYGANKDGIIWVATEGALNTPKDHIGTRNPANNAAIVLQLPQGTTLPKGFYAEGSRGGS Cl NNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLE

C2 NNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLE
T1 NNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLE
K1 NNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLE

C2 LPYGANKDGIIWVATEGALNTPKDHIGTRNPANNAAIVLQOLPQGTTLPKGFYAEGSRGGS
UW LPYGANKDGIIWVATEGALNTPKDHIGTRNPANNAAIVLQOLPQGTTLPKGFYAEGSRGGS
Al LPYGANKDGIIWVATEGALNTPKDHIGTRNPANNAAIVLQLPQGTTLPKGFYAEGSRGGS

UC LPYGANKDGIIWVATEGALNTPKDHIGTRNPANNAAIVLOLPQGTTLPKGFYAEGSRGGS J1 GKOGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPOGEFSALEPLVDLPIGINITRFQT

J2 GKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQT

J1 QRASSRSSSRSRNSSRNSTPGSSRGTSPARMAGNGGDAALALLLLDRLNQLESKMSGKGQQ UW GKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQT

J2 OASSRSSSRSRNSSRNSTPGSSRGTSPARMAGNGGDAALALLLLDRLNQLESKMSGKGOQ UC GKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQT
K1 QASSRSSSRSRNSSRNSTPGSSRGTSPARMAGNGGDAALALLLLDRLNQLESKMSGKGQQ Al GKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQT
T1 QASSRSSSRSRNSSRNSTPGSSRGTSPARMAGNGGDAALALLLLDRLNQLESKMSGKGQQ T2 GKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQT
T2 QASSRSSSRSRNSSRNSTPGSSRGTSPARMAGNGGDAALALLLLDRLNQLESKMSGKGQO Cl GKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQT
Cl OASSRSSSRSRNSSRNSTPGSSRGTSPARMAGNGGDAALALLLLDRLNQLESKMSGKGQQ C2 GKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQT
C2 QASSRSSSRSRNSSRNSTPGSSRGTSPARMAGNGGDAALALLLLDRLNQLESKMSGKGQQ T1 GKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQT
UW QASSRSSSRSRNSSRNSTPGSSRGTSPARMAGNGGDAALALLLLDRLNQLESKMSGKGQQ K1 GKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFWALEPLVDLPIGINITRFQT
Al QASSRSSSRSRNSSRNSTPGSSRGTSPARMAGNGGDAALALLLLDRLNQLESKMSGKGQQ
UC QASSRSSSRSRNSSRNSTPGSSRGTSPARMAGNGGDAALALLLLDRLNQLESKMSGKGQQ J1 LLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETK
J2 LLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETK
J1 QQGOTVTKKSAAEASKKPROKRTATKAYNVTQAFGRRGPEQTQGNFGDOELIROGTDYKH UW LLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETK
J2 QQGOTVTKKSAAEASKKPROKRTATKAYNVTQAFGRRGPEQTQGNFGDQELIRQGTDYKH UC LLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETK
K1 QOGQOTVTKKSAAEASKKPROKRTATKAYNVTQAFGRRGPEQTQGNFGDQELIRQGTDYKH Al LLALHRRYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETK
T1 QOGOTVTKKSAAEASKKPROKRTATKAYNVTQAFGRRGPEQTQGNFGDQELIRQGTDYKH T2 LLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETK
T2 QQGQOTVTKKSAAEASKKPROKRTATKAYNVTQAFGRRGPEQTQGNFGDQELIRQGTDYKH C1 LLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETK
Cl QQGQTVTKKSAAEASKKPROKRTATKAYNVTQAFGRRGPEQTQGNFGDQELIRQGTDYKH C2 LLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETK
C2 QQGQTVTKKSAAEASKKPROKRTATKAYNVTQAFGRRGPEQTQGNFGDQELIRQGTDYKH T1 LLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETK
UW QQGQOTVTKKSAAEASKKPROKRTATKAYNVTQAFGRRGPEQTQGNFGDOELIRQGTDYKH K1 LLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETK
Al QQGQTVTKKSAAEASKKPRQKRTATKAYNVTQAFGRRGPEQTQGNFGDQELIRQGTDYKH
UC QQGQTVTKKSAAEASKKPRQKRTATKAYNVTQAFGRRGPEQTQGNFGDQELIRQGTDYKH J1 CTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISN
J2 CTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISN
J1 WPQIAQFAPSASAFFGMSRIGMEVTPSGTWLTYTGAIKLDDKDPNFKDQVILLNKHIDAY UW CTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVENATRFASVYAWNRKRISN
J2 WPOIAQFAPSASAFFGMSRIGMEVTPSGTWLTYTGAIKLDDKDPNFKDOVILLNKHIDAY UC CTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISN
K1 WPQIAOFAPSASAFFGMSRIGMEVTPSGTWLTYTGATKLDDKDPNFKDQVILLNKHIDAY Al CTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVENATRFASVYAWNRKRISN
T1 WPOIAOFAPSASAFFGMSRIGMEVTPSGTWLTYTGATKLDDKDPNFKDOVILLNKHIDAY T2 CTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISN

Cl CTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISN
C2 CTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISN
Tl CTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISN
K1 CTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVENATRFASVYAWNRKRISN

T2 WPQIAQFAPSASAFFGMSRIGMEVTPSGTWLTYTGAIKLDDKDPNFKDQVILLNKHIDAY
Cl WPQIAQFAPSASAFFGMSRIGMEVTPSGTWLTYTGAIKLDDKDPNFKDQVILLNKHIDAY
C2 WPQIAQFAPSASAFFGMSRIGMEVTPSGTWLTYTGAIKLDDKDPNFKDQVILLNKHIDAY
UW WPQIAQFAPSASAFFGMSRIGMEVTPSGTWLTYTGAIKLDDKDPNFKDQVILLNKHIDAY
Al WPQIAQFAPSASAFFGMSRIGMEVTPSGTWLTYTGAIKLDDKDPNFKDQVILLNKHIDAY

J1 CVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIAD
UC WPQIAQFAPSASAFFGMSRIGMEVTPSGTWLTYTGAIKLDDKDPNFKDQVILLNKHIDAY

J2 CVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIAD
UW CVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSEFVIRGDEVRQIAPGQTGKIAD

J1 KTFPPTEPKKDKKKKADETQALPQROKKQQTVTLLPAADLDDFSKQLQOSMSSADSTOA UC CVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIAD
J2 KTFPPTEPKKDKKKKADETQALPQROKKQOTVTLLPAADLDDFSKOLQOSMSSADSTOA Al CVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSEFVIRGDEVRQTAPGQTGKIAD
K1 KTFPPTEPKKDKKKKADETQALPQROKKQQTVTLLPAADLDDFSKQLOQOSMSSADSTOA T2 CVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIAD
T1 KTFPPTEPKKDKKKKADETQALPORQKKQQTVTLLPAADLDDFSKQLQQSMSSADSTQA Cl CVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIAD
T2 KTFPPTEPKKDKKKKADETQALPQRQOKKQQTVTLLPAADLDDFSKQLOQSMSSADSTQA C2 CVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQOTGKIAD
Cl KTFPPTEPKKDKKKKADETQALPQROKKQQTVTLLPAADLDDFSKQLOQSMSSADSTQA T1 CVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIAD
C2 KTFPPTEPKKDKKKKADETQALPQRQKKQQTVTLLPAADLDDFSKQLOQSMSSADSTQA K1 CVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIAD
UW KTFPPTEPKKDKKKKADETQALPQRQKKQQTVTLLPAADLDDFSKQLQQSMSSADSTOA
Al KTFPPTEPKKDKKKKADETQALPQRQKKQQTVTLLPAADLDDFSKQLQQOSMSSADSTOA J1 YNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPC
UC KTFPPTEPKKDKKKKADETQALPQRQKKQQTVTLLPAADLDDFSKQLQQSMSSADSTOA J2 YNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPC
UW YNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPC
Fig. 3 Genomic analysis of N protein amino acid sequence. We do not UC YNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPC
observe any mutation in 10 sequences of N protein region. Al YNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPC

T2 YNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPC
Cl YNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPC
C2 YNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPC
Tl YNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPC

(J?Pan, J1), and .LC528233 (Japan, J2) for genomic sequence K1 YNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPC
alignment analysis. Fig. 4 Genomic analysis of S protein amino acid sequence. One amino acid

mutation at “W” from South Korea comparing “S” in other nine sequences.
2.2. Method applied One amino acid mutation at “R” from Australia was observed comparing “S”
from another nine sequences. Two yellow lines indicate the difference in 10
sequence alignments.

Multiple Sequence Alignment by Clustalw (https:/www.genome.
jp/tools-bin/clustalw) web service is applied as our alignment tool.
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J1 NGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVN
J2 NGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVN
UW NGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVN
UC NGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVN
Al NGVEGENCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVN
T2 NGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVN
Cl NGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVN
C2 NGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVN
T1 NGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVN
K1 NGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVN

J1l FNENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITP
J2 FNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITP
UW FNEFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITP
UC FNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITP
Al FNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITP
T2 FNENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITP
Cl FNENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITP
C2 FNENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITP
Tl FNENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITP
K1 FNENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITP

J1 GTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSY
J2 GTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSY
UW GTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSY
UC GTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSY
Al GTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSY
T2 GTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSY
Cl GTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSY
C2 GTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSY
Tl GTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSY
K1 GTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSY

J1 ECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNSIAIPTNETI
J2 ECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNSIAIPTNETI
UW ECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNSIAIPTNETI
UC ECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNSIAIPTNETI
Al ECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNSIAIPTNETI
T2 ECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNSIAIPTNFTI
Cl ECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNSIAIPTNFTI
C2 ECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNSIAIPTNFTI
Tl ECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNSIAIPTNEFTI
K1 ECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNSIAIPTNEFTI

J1l SVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQE
J2 SVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQE
UW SVITEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQE
UC SVITEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQE
Al SVITEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQE
T2 SVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQE
Cl SVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQE
C2 SVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQE
T1l SVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQE
K1 SVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQE

N

N

J1 VFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDC
J2 VFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDC
UW VFAQVKQIYKTPPIKDFGGEFNFSQILPDPSKPSKRSFIEDLLENKVTLADAGFIKQYGDC
UC VFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLENKVTLADAGFIKQYGDC
Al VFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDC
T2 VFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDC
Cl VFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLEFNKVTLADAGFIKQYGDC
C2 VFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDC
T1l VFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLENKVTLADAGFIKQYGDC
K1 VFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLEFNKVTLADAGFIKQYGDC

J1 LGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAM
J2 LGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAM
UW LGDIAARDLICAQKEFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAM
UC LGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAM
Al LGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAM
T2 LGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAM
Cl LGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAM
C2 LGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAM
T1l LGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAM
K1 LGDIAARDLICAQKEFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWIFGAGAALQIPFAM

=

Fig. 4 (Continued)

J1 OMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLODVVNQNAQALN
J2 QMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQODVVNQNAQALN
UW OMAYRFNGIGVTONVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQONAQALN
UC OMAYRFNGIGVTONVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQONAQALN
Al QMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQONAQALN
T2 QMAYRFNGIGVTQONVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQONAQALN
Cl QOMAYRFNGIGVTQONVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQONAQALN
C2 QMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQNAQALN
T1l QMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQNAQALN
K1 QOMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQNAQALN

J1l TLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRA
J2 TLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRA
UW TLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLOSLOTYVTQQOLIRAAEIRA
UC TLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRA
Al TLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRA
T2 TLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRA
Cl TLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRA
C2 TLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRA
T1l TLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRA
K1l TLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQOSLQTYVTQQLIRAAEIRA

J1 SANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPA
J2 SANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPA
UW SANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQEKNFTTAPA
UC SANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQEKNFTTAPA
Al SANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPA
T2 SANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPA
Cl SANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPA
C2 SANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPA
T1l SANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPA
K1 SANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPA

J1 ICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNTEVSGNCDVVIGIVNNTVYDP
J2 ICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNTEVSGNCDVVIGIVNNTVYDP
UW ICHDGKAHFPREGVFVSNGTHWEVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDP
UC ICHDGKAHFPREGVFVSNGTHWEVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDP
Al ICHDGKAHFPREGVEVSNGTHWEVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDP
T2 ICHDGKAHFPREGVEFVSNGTHWEVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDP
Cl ICHDGKAHFPREGVEFVSNGTHWEVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDP
C2 ICHDGKAHFPREGVEFVSNGTHWEVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDP
T1 ICHDGKAHFPREGVEFVSNGTHWEVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDP
K1 ICHDGKAHFPREGVEFVSNGTHWEVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDP

J1 LQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDL
J2 LQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDL
UW LOQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDL
UC LQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDL
Al LQOPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDL
T2 LQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDL
Cl LQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDL
C2 LQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDL
T1l LQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDL
K1 LQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDL

J1l QELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDD
J2 QELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDD
UW QELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKEFDEDD
UC QELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKEFDEDD
Al QELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKEFDEDD
T2 QELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDD
Cl QELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDD
C2 QELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDD
Tl QELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDD
K1 QELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDD

iy

=

J1 SEPVLKGVKLHYT
J2 SEPVLKGVKLHYT
UW SEPVLKGVKLHYT
UC SEPVLKGVKLHYT
Al SEPVLKGVKLHYT
T2 SEPVLKGVKLHYT
Cl SEPVLKGVKLHYT
C2 SEPVLKGVKLHYT
Tl SEPVLKGVKLHYT
K1 SEPVLKGVKLHYT

3. RESULTS

3.1. E protein

The structures reveal that E has a short and hydrophilic
N-amino terminus consisting of 7-12 amino acids, fol-
lowed by a large hydrophobic transmembrane domain of 25
amino acids, and ends with a long, hydrophilic C-carboxyl
terminus (C-terminal), which comprises the majority of the

540

protein.!’ By analyzing E protein alignment, one amino acid
mutation “H” was observed from South Korea (K1) compar-
ing the “L” from other nine sequences in E protein sequence
alignment.

3.2.S protein

S protein mediates attachment of SARS-CoV1 to the host
cell surface receptors and subsequent fusion between them to
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Original Article. (2020) 83:6

ORFS8. aa

UC MKFLVFLGIITTVAAFHQECSLQSCTQHQPYVVDDPCPIHFYSKWYIRVGARKSAPLIEL
Al MKFLVFLGIITTVAAFHQECSLQSCTQHQPYVVDDPCPIHFYSKWYIRVGARKSAPLIEL
K1 MKFLVFLGIITTVAAFHQECSLQSCTQHQPYVVDDPCPIHFYSKWYIRVGARKSAPLIEL
Cl MKFLVFLGIITTVAAFHQECSLQSCTQHQPYVVDDPCPIHFYSKWYIRVGARKSAPLIEL
T2 MKFLVFLGIITTVAAFHQECSLQSCTQHQPYVVDDPCPIHFYSKWYIRVGARKSAPLIEL
J2 MKFLVFLGIITTVAAFHQECSLQSCTQHQPYVVDDPCPIHFYSKWYIRVGARKSAPLIEL
J1 MKFLVFLGIITTVAAFHQECSLQSCTQHQPYVVDDPCPIHFYSKWYIRVGARKSAPLIEL
T1 MKFLVFLGIITTVAAFHQECSLQSCTQHQPYVVDDPCPIHFYSKWYIRVGARKSAPLIEL
C2 MKFLVFLGIITTVAAFHQECSLQSCTQHQPYVVDDPCPIHFYSKWYIRVGARKSAPLIEL
UW MKFLVFLGIITTVAAFHQECSLQSCTQHQPYVVDDPCPIHFYSKWYIRVGARKSAPLIEL

UC CVDEAGSKSPIQYIDIGNYTVSCLPFTINCQEPKLGSLVVRCSFYEDFLEYHDVRVVLDF
Al CVDEAGSKSPIQYIDIGNYTVSCLPFTINCQEPKLGSLVVRCSFYEDFLEYHDVRVVLDF
K1 CVDEAGSKSPIQYIDIGNYTVSCLPFTINCQEPKLGSLVVRCSFYEDFLEYHDVRVVLDF
Cl CVDEAGSKSPIQYIDIGNYTVSCLPFTINCQEPKLGSLVVRCSFYEDFLEYHDVRVVLDF
T2 CVDEAGSKSPIQYIDIGNYTVSCLPFTINCQEPKLGSLVVRCSFYEDFLEYHDVRVVLDF
J2 CVDEAGSKSPIQYIDIGNYTVSCLPFTINCQEPKLGSLVVRCSFYEDFLEYHDVRVVLDF
J1 CVDEAGSKSPIQYIDIGNYTVSCLPFTINCQEPKLGSLVVRCSFYEDFLEYHDVRVVLDF
Tl CVDEAGSKSPIQYIDIGNYTVSCSPFTINCQEPKLGSLVVRCSFYEDFLEYHDVRVVLDF
C2 CVDEAGSKSPIQYIDIGNYTVSCSPFTINCQEPKLGSLVVRCSFYEDFLEYHDVRVVLDF
UW CVDEAGSKSPIQYIDIGNYTVSCSPFTINCQEPKLGSLVVRCSFYEDFLEYHDVRVVLDF

uc
Al
K1
Cl
T2
J2
Jl
T1
c2
uw

o H H H H H H H A

ORFS. L & S type RNA

J1l ATGAAATTTCTTGTTTTCTTAGGAATCATCACAACTGTAGCTGCATTTCACCAAGAATGT
T2 ATGAAATTTCTTGTTTTCTTAGGAATCATCACAACTGTAGCTGCATTTCACCAAGAATGT
K1 ATGAAATTTCTTGTTTTCTTAGGAATCATCACAACTGTAGCTGCATTTCACCAAGAATGT
UC ATGAAATTTCTTGTTTTCTTAGGAATCATCACAACTGTAGCTGCATTTCACCAAGAATGT
Al ATGAAATTTCTTGTTTTCTTAGGAATCATCACAACTGTAGCTGCATTTCACCAAGAATGT
Cl ATGAAATTTCTTGTTTTCTTAGGAATCATCACAACTGTAGCTGCATTTCACCAAGAATGT
J2 ATGAAATTTCTTGTTTTCTTAGGAATCATCACAACTGTAGCTGCATTTCACCAAGAATGT
Tl ATGAAATTTCTTGTTTTCTTAGGAATCATCACAACTGTAGCTGCATTTCACCAAGAATGT
C2 ATGAAATTTCTITGTTTTCTTAGGAATCATCACAACTGTAGCTGCATTTCACCAAGAATGT
UW ATGAAATTTCTTGTTTTCTTAGGAATCATCACAACTGTAGCTGCATTTCACCAAGAATGT

J1 AGTTTACAGTCATGTACTCAACATCAACCATATGTAGTTGATGACCCGTGTCCTATTCAC
T2 AGTTTACAGTCATGTACTCAACATCAACCATATGTAGTTGATGACCCGTGTCCTATTCAC
K1 AGTTTACAGTCATGTACTCAACATCAACCATATGTAGTTGATGACCCGTGTCCTATTCAC
UC AGTTTACAGTCATGTACTCAACATCAACCATATGTAGTTGATGACCCGTGTCCTATTCAC
Al AGTTTACAGTCATGTACTCAACATCAACCATATGTAGTTGATGACCCGTGTCCTATTCAC
Cl AGTTTACAGTCATGTACTCAACATCAACCATATGTAGTTGATGACCCGTGTCCTATTCAC
J2 AGTTTACAGTCATGTACTCAACATCAACCATATGTAGTTGATGACCCGTGTCCTATTCAC
Tl AGTTTACAGTCATGTACTCAACATCAACCATATGTAGTTGATGACCCGTGTCCTATTCAC
C2 AGTTTACAGTCATGTACTCAACATCAACCATATGTAGTTGATGACCCGTGTCCTATTCAC
UW AGTTTACAGTCATGTACTCAACATCAACCATATGTAGTTGATGACCCGTGTCCTATTCAC

J1l TTCTATTCTAAATGGTATATTAGAGTAGGAGCTAGAAAATCAGCACCTTTAATTGAATTG
T2 TTCTATTCTAAATGGTATATTAGAGTAGGAGCTAGAAAATCAGCACCTTTAATTGAATTG
K1 TTCTATTCTAAATGGTATATTAGAGTAGGAGCTAGAAAATCAGCACCTTTAATTGAATTG
UC TTCTATTCTAAATGGTATATTAGAGTAGGAGCTAGAAAATCAGCACCTTTAATTGAATTG
Al TTCTATTCTAAATGGTATATTAGAGTAGGAGCTAGAAAATCAGCACCTTTAATTGAATTG
Cl TTCTATTCTAAATGGTATATTAGAGTAGGAGCTAGAAAATCAGCACCTTTAATTGAATTG
J2 TTCTATTCTAAATGGTATATTAGAGTAGGAGCTAGAAAATCAGCACCTTTAATTGAATTG
Tl TTCTATTCTAAATGGTATATTAGAGTAGGAGCTAGAAAATCAGCACCTTTAATTGAATTG
C2 TTCTATTCTAAATGGTATATTAGAGTAGGAGCTAGAAAATCAGCACCTTTAATTGAATTG
UW TTCTATTCTAAATGGTATATTAGAGTAGGAGCTAGAAAATCAGCACCTTTAATTGAATTG

J1l TGCGTGGATGAGGCTGGTTCTAAATCACCCATTCAGTACATCGATATCGGTAATTATACA
T2 TGCGTGGATGAGGCTGGTTCTAAATCACCCATTCAGTACATCGATATCGGTAATTATACA
K1 TGCGTGGATGAGGCTGGTTCTAAATCACCCATTCAGTACATCGATATCGGTAATTATACA
UC TGCGTGGATGAGGCTGGTTCTAAATCACCCATTCAGTACATCGATATCGGTAATTATACA
Al TGCGTGGATGAGGCTGGTTCTAAATCACCCATTCAGTACATCGATATCGGTAATTATACA
Cl TGCGTGGATGAGGCTGGTTCTAAATCACCCATTCAGTACATCGATATCGGTAATTATACA
J2 TGCGTGGATGAGGCTGGTTCTAAATCACCCATTCAGTACATCGATATCGGTAATTATACA
Tl TGCGTGGATGAGGCTGGTTCTAAATCACCCATTCAGTACATCGATATCGGTAATTATACA
C2 TGCGTGGATGAGGCTGGTTCTAAATCACCCATTCAGTACATCGATATCGGTAATTATACA
UW TGCGTGGATGAGGCTGGTTCTAAATCACCCATTCAGTACATCGATATCGGTAATTATACA

J1 GTTTCCTGTTTACCTTTTACAATTAATTGCCAGGAACCTAAATTGGGTAGTCTTGTAGTG
T2 GTTTCCTGTTTACCTTTTACAATTAATTGCCAGGAACCTAAATTGGGTAGTCTTGTAGTG
K1 GTTTCCTGTTTACCTTTTACAATTAATTGCCAGGAACCTAAATTGGGTAGTCTTGTAGTG
UC GTTTCCTGTTTACCTTTTACAATTAATTGCCAGGAACCTARATTGGGTAGTCTTGTAGTG
Al GTTTCCTGTTTACCTTTTACAATTAATTGCCAGGAACCTAAATTGGGTAGTCTTGTAGTG
Cl GTTTCCTGTTTACCTTTTACAATTAATTGCCAGGAACCTAAATTGGGTAGTCTTGTAGTG
J2 GTTTCCTGTTTACCTTTTACAATTAATTGCCAGGAACCTAAATTGGGTAGTCTTGTAGTG
Tl GTTTCCTGTTCACCTTTTACAATTAATTGCCAGGAACCTAAATTGGGTAGTCTTGTAGTG
C2 GTTTCCTGTTCACCTTTTACAATTAATTGCCAGGAACCTAAATTGGGTAGTCTTGTAGTG
UW GTTTCCTGTTCACCTTTTACAATTAATTGCCAGGAACCTARATTGGGTAGTCTTGTAGTG

Fig. 5 Genomic analysis of ORF8 protein amino acid sequence. Possible
subtypes were found in OFR8 with L and S subtypes. “L” type appeared in
UG, A1, K1, C1, T2, J2, and T1. “S” type was observed in T1, C2, and UW.
Yellow line indicates the difference in 10 sequence alignments.
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J1l CGTTGTTCGTTCTATGAAGACTTTTTAGAGTATCATGACGTTCGTGTTGTTTTAGATTTC
T2 CGTTGTTCGTTCTATGAAGACTTTTTAGAGTATCATGACGTTCGTGTTGTTTTAGATTTC
K1 CGTTGTTCGTTCTATGAAGACTTTTTAGAGTATCATGACGTTCGTGTTGTTTTAGATTTC
UC CGTTGTTCGTTCTATGAAGACTTTTTAGAGTATCATGACGTTCGTGTTGTTTTAGATTTC
Al CGTTGTTCGTTCTATGAAGACTTTTTAGAGTATCATGACGTTCGTGTTGTTTTAGATTTC
Cl CGTTGTTCGTTCTATGAAGACTTTTTAGAGTATCATGACGTTCGTGTTGTTTTAGATTTC
J2 CGTTGTTCGTTCTATGAAGACTTTTTAGAGTATCATGACGTTCGTGTTGTTTTAGATTTC
Tl CGTTGTTCGTTCTATGAAGACTTTTTAGAGTATCATGACGTTCGTGTTGTTTTAGATTTC
C2 CGTTGTTCGTTCTATGAAGACTTTTTAGAGTATCATGACGTTCGTGTTGTTTTAGATTTC
UW CGTTGTTCGTTCTATGAAGACTTTTTAGAGTATCATGACGTTCGTGTTGTTTTAGATTTC

J1 ATCTAA
T2 ATCTAA
K1 ATCTAA
UC ATCTAA
Al ATCTAA
Cl ATCTAA
J2 ATCTAA
T1 ATCTAA
C2 ATCTAA
UW ATCTAA

Fig. 5 (Continued)

orflab L & S type RNA

J1l TTTAGCCAG
J2 TTTAGCCAG
K1 TTTAGCCAG
Al TTTAGCCAG
C2 TTTAGCCAG
Cl TTTAGCCAG
T2 TTTAGCCAG
Tl TTTAGTICAG
UW TTTAGTCAG
UC TTTAGTCAG

Fig. 6 Genomic analysis of orflab protein amino acid sequence. Genomic
analysis regions of orflab RNA sequence. Yellow line indicates the difference
in 10 RNA sequence alignment.

facilitate viral entry into the host cell.'’ The expression of S
protein at the cell membrane can mediate cell—cell fusion. This
formation supports to offer a strategy to let spread the virus
between cells to subvert function of virus-neutralizing antibod-
ies mechanisms.

During analysis of S protein, one amino acid mutation at “W’
was observed from South Korea (K1) comparing “S” from other
nine sequences. One amino acid mutation at “R” from Australia
(A1) was observed comparing “S” from another nine sequences.

3.3. M and N proteins

The M protein is abundant which defines the shape of the viral
envelope. N functions primarily to bind to RNA genome of
SARS-CoV, making up the nucleocapsid.” Although N protein
is most involved in processes viral genome signaling, it is also
involved RNA replication cycle with host cellular response to
viral infection.

Although the sequence difference between SARS-CoV1 and
SARS-CoV2 within M and N proteins, there is no SNP variant
observed between M and N protein sequence alignments from
different patients.

3.4. L and S subtypes

Possible subtypes suggested in reference to two subtypes
were found in OFR8 with L and S subtypes. By alignment,
leucine of “L” type appeared in UC, A1, K1, C1, T2, J2,
and T1, while as, Serine of “S” type was observed in T1, C2,
and UW.
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Possible subtypes suggested in reference to two subtypes were
found in OFR1ab with L and S subtypes. By alignment, RNA
sequence “C” type appeared in J1, J2, K1, A1, C1, C2, and T2
“T” type was observed in T1, UW, and UC.

4. DISCUSSION

4.1. Point mutation

Although SARS-CoV1 and SARS-CoV2 share the sequence
similarity with 80% homolog, their functions are various. In
comparison to 10 strains from 10 patients in structural protein
regions, one mutation is observed by analyzing E protein align-
ment, the amino acid mutation “H” was observed from South
Korea (K1) comparing the “L” from other nine sequences in E
protein sequence alignment.

Inside the envelope, there is the nucleocapsid, which is formed
from multiple copies of the nucleocapsid (N) protein, which are
bound to the positive-sense single-stranded RNA genome in a
continuous beads-on-a-string type conformation.'® The lipid
bilayer envelope, membrane proteins, and nucleocapsid protect
the virus when it is outside the host cell.'”

Although the N protein holds the RNA genome, and M
protein with E and S proteins together creates the viral enve-
lope to protect the virus when it is outside the host cell, we
do not find any point mutation of M and E proteins within 10
sequences.

The M protein is the most abundant structural protein and
defines the shape of the viral envelope. Binding of M to N stabi-
lizes the nucleocapsid (N protein—-RNA complex), as well as the
internal core of virions, and ultimately, promotes completion of
viral assembly.!$

During analysis of S protein, one amino acid mutation at “W”
was observed from South Korea (K1) comparing “S” from other
nine sequences. One amino acid mutation at “R” from Australia
(A1) was observed comparing “S” from another nine sequences.
Report!” mentioned a single amino acid reversion (L294-to-Q)
in the S protein is sufficient to abrogate the phenotype and
grows well at and below 32°C.

4.2. Spike protein and receptor (ACE)

A novel and pathogenic SARS-CoV2 was found in Wuhan, China
in 2019, and its rapid national and international spread poses a
global health emergency. The S protein mediates viral entry into
host cells by first binding to a host receptor through the RBD
in the S1 subunit and then fusing the viral and host membranes
through the S2 subunit priming by host cell proteases.?’-?
Unraveling which cellular factors are used by SARS-CoV-2 for
entry might provide insights into viral transmission and reveals
therapeutic targets. SARS-CoV and MERS-CoV RBDs recognize
different receptors. SARS-CoV recognizes ACE2 as its recep-
tor, whereas MERS-CoV recognizes dipeptidyl peptidase 4 as
its receptor.’*?* Since SARS-CoV2 recognizes ACE2 as its host
receptor binding to viral S protein,? it is critical to define the
RBD in SARS-CoV2 S protein in the most likely target for the
mechanism of virus attachment such as new developing inhibi-
tors, neutralizing antibodies, and vaccines.

Authors from Tai group?® demonstrate by characterizing
SARS-CoV2 RBD to display a multiple sequence alignment of
RBDs of SARS-CoV2, SARS-CoV, and MERS-CoV S proteins.

They identified the RBD in SARS-CoV2 S protein, and
found that the RBD protein bound strongly to human and bat
ACE2 receptors. SARS-CoV2 RBD displayed a significantly
higher binding affinity to ACE2 receptor than SARS-CoV RBD.
Subsequently, SARS-CoV RBD-specific antibodies could cross-
react with SARS-CoV2 RBD protein. Meanwhile, SARS-CoV
RBD-induced antisera which could cross-neutralize SARS-CoV2
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suggests the potentials to develop SARS-CoV RBD-based vac-
cines for prevention of SARS-CoV2 and SARS-CoV infection.?

Hoffmann group mentions SARS-CoV1 and SARS-CoV2
share 76% amino acid identity in S protein region. By the
amino acid alignment, they observe the receptor-binding motif
of SARS-CoV1 corresponding to the sequences of bat-associ-
ated beta-coronavirus S proteins. Demonstration of high or
low similarity by taking advantage of ACE2 as cellular receptor
reveals that SARS-CoV2 possesses crucial amino acid residues
for ACE2 binding.

They also found similarity signal to points out between
SARS-CoV2 and SARS-CoV1 during transmitting host cells
stage and then identified a potential target for antiviral interven-
tion. Inspecting conserved amino acids within ACE2 domain,
Hoffmann group performed SARS-CoV2 to transmit cell entry
depends on ACE2 and transmembrane serine protease 2 two
proteins and is blocked by applied clinically-proven protease
inhibitor.””

4.3. SNP or subtype

We found that SNPs at locations 8782 (orflab: T8517C, syn-
onymous) and 28144 (ORF8: C251T, S84L) showed possible
linkage in 10 sequences from different countries. As report “On
the origin and continuing evolution of SARS-CoV-2” empha-
sized two subtypes of “L” and “S” from their data as they exhib-
ited a “CT” haplotype (defined as “L” type because T28 144 is
in the codon of leucine) and other “TC” haplotype (defined as
“S” type because C28 144 is in the codon of serine) at these two
sites.”® The authors show S is ancestral, related viruses like bat
(RaTG13). They also depict that L is more prevalent with pro-
gressive, especially in Wuhan.?

However, according to data, it is too early to speculate on
such consequences because there is no evidence whether it will
affect some strategies such as vaccination. As mutation doesn’t
occur within the S1 spike protein domain to influence the anti-
gen targeting for vaccine production.

As speculated, SARS-CoV2 RNA viruses cross species barri-
ers into humans; they would not be well-adapted to host cells.
They should modify and allow them to adapt and become able
to replicate within, and broad transmit humans. However, we
do not catch data about testing the relative replication cycle in
human cells. It would be difficult to verify human interference
with the impact of co-strains relatively. Thus, a balance between
SARS-CoV2 virulence and patient’s genetics personal phenom-
ena with environmental factors would be important to confirm
the subtypes of origin and evolution.

Due to study limitations, we cannot handle the SARS-CoV2
biological study directly from patient specimens, which will
not observe the correlation from clinical to laboratory analysis
directly.

In conclusion, we analyzed 10 sequences from the NCBI data-
base by genome alignment and found no difference in amino
acid sequences within M and N proteins. There are two amino
acid variances in S protein region. One mutation found from
South Korea sequence is verified. Two possible “I” and “S”
SNPs found in ORFlab and ORFS regions are detected. Since
our data are limited to a small population, more studies about
the biological symptoms of SARS-CoV2 in clinic animals and
humans will manipulate an understanding on the origin of pan-
demic crisis.
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