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China/WHU01/2020/EPI_ISL 40671 GGTTCGCGACGTGCTCGTACGTGGCTTTGGAGACTCCGTGGAGGAGGTCTTATCAGAGGCACGTCAACATCTTAAAGATGG
Australia/VIC01/2020/EPI ISL 4 GGTTCGCGACGTGCTCGTACGTGGCTTTGOAGACTCCCTGGAGGAGGTCTTATCAGAGGCACGTCAACATCTTAAAGATGE
USA/WI1/2020/EPI ISL 408670 GGTTCGCGACGTGCTCGTACGTGGCTTTGGAGACTCCGTGGAGGAGGTCTTATCAGAGGCACGTCAACATCTTAAAGATGG

>Japan/AI/I-004/2620/EPI_ISL 40 GGTTCGCGACGTGCTCGTACGTGGCTTT

TCAGAGGCACGTCAACATCTTARAGATGG

France/IDF0373/2020/ EPI_ISL:40 GGTTCGCGACGTGCTCGTACGTGGCTTTGGAGACTCCGTGGAGGAGGTCTTATCAGAGGCACGTCAACATCTTAAAGATGE
Germany/BavPat1/2020/EPI ISL 4 GGTTCGCGACGTGCTCGTACGTGGCTTTGGAGACTCCGTGGAGGAGGTCTTATCAGAGGCACGTCAACATCTTAAAGATGG

Deletion

Membrane Nucleocapsid

ORF1ab polyprotein

A

Deletion

= -

A

Deletion

China/WEU01/2020/EPT_ISL 40671 TGGATGAATTCATTGAACGGTATARATTAGAAGGCTATGCCTTCGAACATATCGTTTATC Envelope
Australia/VIC01/2020/EPI ISL 4 TGGATGAATTCATTGAACGGTATAAATTAGAAGGCTATGCCTTCGAACATATCGTTTATC

P> USA/WI1/2020/EPI_ISL 408670

TGGATGAATTCATTGAACGGTATAA - - - AGAAGGCTATGCCTTCGAACATATCGTTTATC

Japan/AI/I-004/2020/EPI ISL 40 TGGATGAATTCATTGAACGGTATAAATTAGAAGGCTATGCCTTCGAACATATCGTTTATC
France/IDF0373/2020/EPI_ISL 40 TGGATGAATTCATTGAACGGTATAAATTAGAAGGCTATGCCTTCGAACATATCGTTTATC
Germany/BavPat1/2020/EPI ISL 4 TGGATGAATTCATTGAACGGTATAAATTAGAAGGCTATGCCTTCGAACATATCGTTTATC

China/WEUO1/2020/EPT ISL 40671 GAGCCACCACATTTTCACCGAGGCCACGCGGAGTACGATCGAGTGTACAGTGAACAATGCTAGGGAGAG

B> Australia/VICO1/2020/EPT ISL. 4 GAGCCACCACATTTTCACCGAGGOCACGCGGAGTA
USA/IL1/2020/ERT ISL. 404253

TACAGTGAACAATGCTAGGGAGAGC
GAGCCACCACATTTTCACCGAGGCCACGCGGAGTACGATCGAGTGTACAGTGAACAATGCTAGGGAGAGC

Japan/AT/I-004/2020/EPT ISL 40 GAGCCACCACATTTTCACCGAGGCCACGCGGAGTACGATCGAGTGTACAGTGAACAATGCTAGGGAGAGE
France/IDF0373/2020/EPT_ISL 40 GAGCCACCACATTTTCACCGAGGCCACGCGGAGTACGATCGAGTGTACAGTGAACAATGCTAGGGAGAGL
Gernany/BavPat1/2020/EPT ISL 4 GAGCCACCACATTTTCACCGAGGCCACGCGGAGTACGATCGAGTGTACAGTGAACAATGCTAGGGAGAGE

(f+) Olgr iliss Gl 51 43 8, (SARS-CoV-2) Severe acute respiratory syndrome-corona viruse sl Ji s ;3 55 90 gl jigr A K3

62 Shes oLl 53 055 4 s opl e 03 ek bl
ol o sloosls s SARS-COV-2 (sla 1= RBD (g4l
st‘aélédww}ﬂ‘)o_ﬂ &_:UJJ_A& S 4—0 )3 ol
SLaSARS-CoV L u_s,5 4% (VU (655 500 SARS-CoV-2
Ltiil e b 5l sl hool Lite ol oy 5 5l ol
2 RBD g mU 5l lap s s olss Cde an (ol 3
dl_.o.::-‘ U_il ‘SARS‘COV a}ﬁ LSLAJAJJ.:) )-_’.L"’ l; SARS‘COV‘2
))]) J:_L Qu‘bw‘jﬂj J‘ JL&J‘J‘)) vl"‘-”‘.}-b' QLJ:A oS 900
o33 Bs S ol M (glaay s 3 4 S plondl S 533 Dlalllas
5 Lale oS ol esls 0L wide DUl 5 51 SARS-COV-2
Louly A Olsee o 5 Jaims L3155 o (PANGONINS) a5 5 50

Al Ol 4 s sl DU (s

S18y8 9 KIS
Sl Jle ol & e

References

1. Zhong NS, Zheng BJ, Li YM, Poon, Xie ZH, Chan
KH, et al. Epidemiology and cause of severe acute
respiratory syndrome (SARS) in Guangdong, People's
Republic of China, in February, 2003. Lancet 2003;
362(9393): 1353-8.

2. Cui J, Li F, Shi ZL. Origin and evolution of
pathogenic coronaviruses. Nat Rev Microbiol 2019;

G ool 3aa 38 o olimas b es 5 (Antigenicity) 5 s
sz oMbl a5 0 oSS ol 53 3 4m 30 (6 el (gladead S s
ol il o (ST as Goaa (b sb 4 8 3106 3 42
loosls 5l oS 5 8 il milbr 5 6558 Dlalllas 4 (55,5 5l e
o e Oble b oDl (sla 208 5 S5 pmadel (lasls o 553

355 bl wtas e 15251, COVID-19 5 by

]
Sl b O3l s SV 5b 0oy e (gl W s s 5l (b
Goban ol Gl glac s 31 50 sl d L (Uil s
u»b_ljla_.ﬂ}:dwlé)}_@la};u_w)ﬂjé)l_ﬁCOVID-lg
5T e 53 Kkl oy g0 4 b 4 5 005 3lawl SARS-COV-2
allas I 53 OF JalsS s Lt g5 el 535 5L il glaair

17(3): 181-92.

3. Zaki AM, van BS, Bestebroer TM, Osterhaus AD,
Fouchier RA. Isolation of a novel coronavirus from a
man with pneumonia in Saudi Arabia. N Engl J Med
2012; 367(19): 1814-20.

4. Gorbalenya AE, Baker SC, Baric RS, de Groot RJ,
Drosten C, Gulyaeva AA, et al. Severe acute

WAL ag pgd (sein /70 Y (oo / WA Jlu— Olgiool (S5 53 0l e ay.

http://jims.mui.ac.ir



OylSaa g (o yE Lass

10.

11.

12.
13.

14.

15.
16.

17.

18.

19.

respiratory  syndrome-related  coronavirus:  The
species and its viruses a statement of the Coronavirus
Study Group. Nat Microbiol 2020; 5(5): 1-15.

Sun J, He WT, Wang L, Lai A, Ji X, Zhai X, et al.
COVID-19: Epidemiology, evolution, and cross-
disciplinary perspectives. Trends Mol Med 2020;
26(5): 483-95.

Ashour HM, Elkhatib WF, Rahman MM, Elshabrawy
HA. Insights into the recent 2019 novel coronavirus
(SARS-CoV-2) in light of past human coronavirus
outbreaks. Pathogens 2020; 9(3): 186.

Woo PC, Lau SK, Lam CS, Lau CC, Tsang AK, Lau
JH, et al. Discovery of seven novel Mammalian and
avian coronaviruses in the genus deltacoronavirus
supports bat coronaviruses as the gene source of
alphacoronavirus and betacoronavirus and avian
coronaviruses as the gene  source  of
gammacoronavirus and deltacoronavirus. J Virol
2012; 86(7): 3995-4008.

Forni D, Cagliani R, Clerici M, Sironi M. Molecular
evolution of human coronavirus genomes. Trends
Microbiol 2017; 25(1): 35-48.

World Health Organization. Coronavirus disease
(COVID-19): Weekly epidemiological, update 1
[online]. [cited 2020 Aug 17]; Available from: URL:
https://apps.who.int/iris/handle/10665/333905

Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang
W, et al. A pneumonia outbreak associated with a
new coronavirus of probable bat origin. Nature 2020;
579(7798): 270-3.

Chen Y, Liu Q, Guo D. Emerging coronaviruses:
Genome structure, replication, and pathogenesis. J
Med Virol 2020; 92(4): 418-23.

Shereen MA, Khan S, Kazmi A, Bashir N, Siddique
R. COVID-19 infection: Origin, transmission, and
characteristics of human coronaviruses. J Adv Res
2020; 24: 91-8.

Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang
W, et al. Discovery of a novel coronavirus associated
with the recent pneumonia outbreak in humans and its
potential bat origin. bioRxiv 2020.

Qian Z, Travanty EA, Oko L, Edeen K, Berglund A,
Wang J, et al. Innate immune response of human
alveolar type Il cells infected with severe acute
respiratory syndrome-coronavirus. Am J Respir Cell
Mol Biol 2013; 48(6): 742-8.

Raj VS, Mou H, Smits SL, Dekkers DH, Muller MA,
Dijkman R, et al. Dipeptidyl peptidase 4 is a
functional receptor for the emerging human
coronavirus-EMC. Nature 2013; 495(7440): 251-4.
Wan Y, Shang J, Graham R, Baric RS, Li F. Receptor
recognition by the novel coronavirus from Wuhan:
An analysis based on decade-long structural studies
of SARS coronavirus. J Virol 2020; 94(7).

Andersen KG, Rambaut A, Lipkin WI, Holmes EC,
Garry RF. The proximal origin of SARS-CoV-2. Nat
Med 2020; 26(4): 450-2.

Guan Y, Zheng BJ, He YQ, Liu XL, Zhuang ZX,
Cheung CL, et al. Isolation and characterization of
viruses related to the SARS coronavirus from animals
in southern China. Science 2003; 302(5643): 276-8.
Kan B, Wang M, Jing H, Xu H, Jiang X, Yan M, et al.
Molecular  evolution  analysis and  geographic

)y

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

Lagug g B9 yS Joad yaw 9 Hlaial Liiss

investigation of severe acute respiratory syndrome
coronavirus-like virus in palm civets at an animal market
and on farms. J Virol 2005; 79(18): 11892-900.

Tu C, Crameri G, Kong X, Chen J, Sun Y, Yu M, et
al. Antibodies to SARS coronavirus in civets. Emerg
Infect Dis 2004; 10(12): 2244-8.

Lau SK, Woo PC, Li KS, Huang Y, Tsoi HW, Wong
BH, et al. Severe acute respiratory syndrome
coronavirus-like virus in Chinese horseshoe bats.
Proc Natl Acad Sci USA 2005; 102(39): 14040-5.

Li W, Shi Z, Yu M, Ren W, Smith C, Epstein JH, et
al. Bats are natural reservoirs of SARS-like
coronaviruses. Science 2005; 310(5748): 676-9.
Wang MN, Zhang W, Gao YT, Hu B, Ge XY, Yang
XL, et al. Longitudinal surveillance of SARS-like
coronaviruses in bats by quantitative real-time PCR.
Virol Sin 2016; 31(1): 78-80.

Hu B, Zeng LP, Yang XL, Ge XY, Zhang W, Li B, et
al. Discovery of a rich gene pool of bat SARS-related
coronaviruses provides new insights into the origin of
SARS coronavirus. PLoS Pathog 2017; 13(11):
e1006698.

Haagmans BL, Al Dhahiry SH, Reusken CB, Raj VS,
Galiano M, Myers R, et al. Middle East respiratory
syndrome coronavirus in dromedary camels: an
outbreak investigation. Lancet Infect Dis 2014; 14(2):
140-5.

Chu DKW, Hui KPY, Perera RAPM, Miguel E,
Niemeyer D, Zhao J, et al. MERS coronaviruses from
camels in Africa exhibit region-dependent genetic
diversity. Proc Natl Acad Sci USA 2018; 115(12):
3144-9.

Alagaili AN, Briese T, Mishra N, Kapoor V,
Sameroff SC, Burbelo PD, et al. Middle East
respiratory syndrome coronavirus infection in
dromedary camels in Saudi Arabia. mBio 2014; 5(2):
€00884-14.

Muller MA, Corman VM, Jores J, Meyer B, Younan
M, Liljander A, et al. MERS coronavirus neutralizing
antibodies in camels, Eastern Africa, 1983-1997.
Emerg Infect Dis 2014; 20(12): 2093-5.

Corman VM, Ithete NL, Richards LR, Schoeman
MC, Preiser W, Drosten C, et al. Rooting the
phylogenetic tree of middle East respiratory
syndrome coronavirus by characterization of a
conspecific virus from an African bat. J Virol 2014;
88(19): 11297-303.

Wang Y, Liu D, Shi W, Lu R, Wang W, Zhao Y, et
al. Origin and possible genetic recombination of the
middle east respiratory syndrome coronavirus from
the first imported case in China: Phylogenetics and
Coalescence Analysis. mBio 2015; 6(5): €01280-15.

. Zhang L, Shen FM, Chen F, Lin Z. Origin and

evolution of the 2019 novel coronavirus. Clin Infect
Dis 2020; 71(15): 882-3.

Ji W, Wang W, Zhao X, Zai J, Li X. Homologous
recombination within the spike glycoprotein of the
newly identified coronavirus may boost cross species
transmission from snake to human. J Med Virol 2020;
92(4): 433-40.

Benvenuto D, Giovanetti M, Ciccozzi A, Spoto S,
Angeletti S, Ciccozzi M. The 2019-new coronavirus
epidemic: Evidence for virus evolution. J Med Virol

WAL egs o33 (stin /70 Y (o)l / YA Jlo— Olginl (K3 oS> ales

http://jims.mui.ac.ir



Oylsea g (o1 yf Lot

34.

35.

36.

2020; 92(4): 455-9.

Chan JF, Kok KH, Zhu Z, Chu H, To KK, Yuan S, et
al. Genomic characterization of the 2019 novel
human-pathogenic coronavirus isolated from a patient
with atypical pneumonia after visiting Wuhan. Emerg
Microbes Infect 2020; 9(1): 221-36.

Wu F, Zhao S, Yu B, Chen YM, Wang W, Song ZG,
et al. A new coronavirus associated with human
respiratory disease in China. Nature 2020; 579(7798):
265-9.

Zhang T, Wu Q, Zhang Z. Pangolin homology
associated with 2019-nCoV. bioRxiv 2020.

WA e 3 (sein /50 Y (Goslad /YA Jlo— Olgio] (SK 53 0Kl aloms

38.

39.

40.

Lagug s Boys Jsad s 9 Haial L

37.

Tang X, Wu C, Li X, Song Y, Yao X, Wu X, et al.
On the origin and continuing evolution of SARS-
CoV-2. Natl Sci Rev 2020; nwaa036.

Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, et al.
Genomic characterisation and epidemiology of 2019
novel coronavirus:; implications for virus origins and
receptor binding. Lancet 2020; 395(10224): 565-74.
Wu Y. Strong evolutionary convergence of receptor-
binding protein spike between COVID-19 and SARS-
related coronaviruses. bioRxiv 2020.

Phan T. Genetic diversity and evolution of SARS-
CoV-2. Infect Genet Evol 2020; 81: 104260.

Y

http://jims.mui.ac.ir



DOI: 10.22122/jims.v38i602.13076 Vesnu Publications

Journal of Isfahan Medical School Vol. 38, No. 602, 2" Week, February 2021
Received: 16.05.2020 Accepted: 29.09.2020 Published: 12.02.2021

Study of the Possible Origin and Evolution of Coronaviruses, Focusing on Recent
2019 Novel Coronavirus (COVID-19)

Shima Gharibi*®", Vajiheh Azimian-Zavareh®™", Seyed Hossein Mirhend;i®

Abstract

Coronavirus disease 19 (COVID-19) is a pandemic highly pathogenic viral infection caused by severe acute
respiratory syndrome coronavirus (SARS-CoV-2) appeared in Wuhan of China and then spread worldwide. The
genome assessment of this virus revealed that SARS-CoV-2 has phylogenetically high similarity with SARS-like
bat viruses. So, the bat can be considered as a primary reservoir of this virus. The intermediate and transfer
source of this virus to human has not yet been recognized. In the present study, the origin and evolution of the
SARS-CoV-2 virus in comparison with the two SARS-CoV and Middle East respiratory syndrome coronavirus
(MERS-CoV) respiratory syndrome viruses, as well as the genetic and phylogenetic evidences regards SARS-
COV-2 was discussed.
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