
Spring Pestival travel rush, during whid1 hundreds of 
millions of people will travel through China. 

As a typical RNA virus, the average evolutionar)' rate 
for coronavirnses is roughl)' 10·4 nucleotide substitutions 
per site per year. ' with mutations arising during 
every replication cycle. It is, therefore, striking that 
the sequences of 2019-nCoV from different patients 
described here were almost identical, with greater than 
99-9% sequence identit)•. This finding suggests that 
2019-nCoV originated from one source within a very 
short period and was detected relatively rapidly. 
However, as the virus transmit~ to more individuals, 
constant surveillance of mutations arising is needed. 

Phylogenetic ana lysis showed that bat-derived corona
,-iruses fell within all five subgenera of the genus 
Betacoronavirns. Moreo er, bat-derived coronaviruses fell 
in basal positions ip the subgenus Sarbecovirns, with 
2019-nCoV most closely related to bat-SL-CoVZC45 
and bat-SL-CoVZXC21. which were also sampled from 
bats.n These data are consistent with a bat reservoir for 
coronaviruses in general and for 2019-nCoV in particular. 
However, despite the importance of bats, several facts 
suggest that another animal is acting as an intermediate 
host between bats and humans. First, the outbreak was 
first reported in late December. 2019, when most bat 
species in Wuhan are hibernating. Second, no bats were 
sold or found at the Huanan seafood market. whereas 
various non-aquatic animals (including mammals) were 
available for purchase. Third, the seque~ce identity 
between 2019-nCoVandits dose relatives bat-SL-CoVZC45 
and bat-SL-CoVZXCZl was less than 90%, which is 
reflected in the :relatively long bra:nd1 between them. 
Hence, bat-SL-CoVZC45 and bat-SL-CoVZXCZl are not 
direct ancestors of 2019-nCoV. Fourth, in both SARS-C-0V 
an.d MERS-CoV, bats acted as the natural reservoir, 
with ii"nother animal (masked palm civet for SARS-CoV" 
and dromedary camels for MERS-CoV)"' acting as an 
intermediate host. with humans as terminal hosts. 
Therefore, on the basis of current data, it seems likely 
that the 2019-nCoV causing the Wuhan outbreak might 
also be initially hosted by bats, and might have been 
trans.milted to humans via currently unknown wild 
animal(s) sold at the 1-Iuanan seafood market. 

Previous studies have uncovered several receptors 
that different coronavimses bind to, such as ACE2 for 
SARS-CoV'" and CD26 for MERS-CoV.-"' Our molecular 
modelling showed structural similarity between the 
receptor-binding domains of SARS-CoV and 2019-nCoV. 
Therefore, we suggest that 2019-nCoV might use ACEZ as 
the receptor. despite the presence of amino acid mutations 
in the 2019-nCoV receptor-binding domain. Although a 
previous study using Hel..a cells expressing ACEZ 
proteins show'ed that 2019-nCoV could employ the ACE2 
receptor,1' whether these mutations affect ACE2 binding 
or change receptor tropism requires further study. 

.Recombination has been seen frequently in coro
navirnses.' As expected, we detected recombination in 
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f/JJure 5: Phylogenetic analpi• and homology modelling of the receptor-binding domain of the 20l9·nCoV, 
SARS-CoV, and MERS•CoV 
(A) Phylogenetic analy;is of the ,eceptor-binding domain from various betacoronavi,uses. The star highlights 
2019-nCoV and the question inarks means that the ~c.ept.or used by the viru5es remain!> unknown. Structural 
comparison of the ,eceptor•binding domain of SARS-CoV (6). 2019-nCoV (C), and MERS-CoV (D) binding to 
their own receptoJS. Core subdomains are magenta, and the extemai svbdomainsof SARS-CoV, 2019-n(oV, 
and MERS CoV a,e or.mge. dafk blue, and gr~n. resp&tively. Variable residues between SARS-CoV and 2019-nCoV 
in the ,·e<:eptor-binding site are highlighted as stick CoV=coronavirus. 2019-nCoV=2019 novel comnaviru~ 
SA,RS-CoV1asevere a(t.ite respiratmy syndrome coronavirus. MERS-"'MiddJc East respiratory syndrome coronavirus. 

the Sarbecoviruses analysed here. Our results suggest 
that recombination events are complex and are more 
likely occurring in bat coronaviruses than in 2019-nCoV. 
Hence, despite its occurrence, recombination is probably 
not the reason for emergence of this virus, although this 
inference might change if more closely related animal 
viruses are identified. 

In coudusion. we have described the. genomic structure. 
of a seventh hun1an coronavirus that can cause severe 
pneumonia and have sl1ed light on its origin and 
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receptor-binding properties. More generally, the disease 
outbreak linked to 2019-nCoV agai n highlights the hid
den virus reservoir in wild animals and their poten tial to 
occasionally spill over into hW11an populations. 

Contributors 
GFC. \VT, \VS, WC, WX. and GW designed the study. Rl.. XZ, PN, H\V, 
WW, BH. NZ, XM. WZ. LZ, re. YM, IW, YI_ JY. ZX, JM . WJL. and DW 
did the experiments. BY, FZ. and ZH provided sam ples. WS. WC. WT. 
JL HS. YB. l\V, TII . and HZ analysedd~ta. WS. WT, and JL wrote the 
rc•port. ECH and CFC revi ·ed the r port. 

Declaration of interests 

\Ve decla re no c_·ompdiug il1terests. 

Data sharing 
Data are available on various websites and have been made publicly 
available (more iufonnation can be fou nd in tbc fi rs t paragraph of the 
R sul ts section) . 

Acknowlcdgmc,nts 
This work was supporte<I by the 1ational Key Research and Development 
Programme of China (2016YFD0S00301, 2020YFC0840800, 
2020YFC0840900), the National Major Project for Control and Prevention 
oflnfectious Disea e in China (ZOJ7ZXJ0.l0400l, 2018ZXlOI0.l002, 
20l8ZX10101004, a,1d 2018ZX10732-40l), the State Key Research 
DC\'clopment Program of China (2019YFCJ200501), tl1e Strategic Priority 
Research Progranunc of the Chinese Academy ofScie.nces 
(XDB29010102J, and the Academic Promotion Programme ofShandong 
first Medical University (2019QL006 and 20l9PT008). \VS was supported 
by the Taishan Scholars Programme of Shandong Province (ts201511056). 

References 
l Su S, Wong G, Shi W, el al. Epidemiology, genetic recombination, 

and palhogc.ncsii. of coronaviruses. Trtn.ds Microbiol 2016: 
l.4; 490-502. 

2 Cavanagh D. Corona.virus avian infectious bronchitis ,irns, Vel Rts 
2007: 38: 281-97. 
lsmail MM. Tang AY. SaifYM. Patbogenicity of turkey corona.irus 
in turkeys and clilckens .. Avian Dis 2003: 47: SlS- 22. 

4 Zhou P, Fan H, I.an 1'. et al. Fa!al swine acute diarrhoea syndrome 
caused by an HKV2-relat,>d comnavirns o[ batorigin. Natun 2018; 
SSG: 255-58. 
Pcir is JS, Guan Y, Yuen KY. s~verc acut.c respiratory syndrome. 
Nal Med 2004; 10 {suppl lZ) : S88- 97. • 

f, Chan-Yeung M, Xu RH. SA RS: epidemiology. Respirou,gy 2003; 
8 (su ppl): 59--14. 

7 Zaki AM. van Bohe<>men S, Bes ebroer TM, Ost.erhaus AD, 
Fouchier RA lsofation ofa novel coronavims from a man with 
pneumonia in Saudi Arabia. N Engl J Med 2012; 367: 1814-20. 

S Lee J, Cbowcll G, fung E. A dia1a1nic compartmental model for the 
Middle East respiratory gy,1dromc outbreak in the Republic of 
Korea: a retrospective a11alysis on control interventiolls and 
s11pen;preading events, J 111<0r Biol 2016; 408: IH!--26. 

9 Lee JY. Kim YJ, Chung EH. et al. The cl inical and ,i rological 
features of the fi rst imported case causing M ERS-CoV outbreak in 
Sollth Korea, 2015. BMC i1'fect Dis 2017; 17: 493. 

10 Tan W, Zhao X, Ma X, el al. A novel coronavirus genome identified 
i:n a duster of pneumonia cases-Wuhan, China 2019--2020. 
China CDC Wrekl y 2020; 2: 61- 62. 

U Zhu , Zhang D, Wang \V, ct al. A novel coronavirus from patients 
with pneumonia in China, 2019, N Engl J Med 2020; published 
onlinc Jan 24. DOl:l0. 1056/ EJMoa2001017. 

12 Chan JFW, Yuan S, Kok KH . et al. A familial cluster of pneumonia 
associated with tht' 1019 novel coronavims indicating persoI1-lo·person 
transmission: a study of a family cluster. w ncet 2020; published oitlinc 
ran 24. https:f/doi.org/ l0.1016/S0140-6736(20)3015-!-9. 

l3 Huang C. Wang Y. Li X. et al. Clinical featmes of patients infected with 
2019 novel coronavirus ir1 Wuhan, China. wnret 2020: published 
on!ine )011 24. llttps://doi.org/10.1016/S0140-6736(20)30183-5, 

14 1iu P, Shen I, Zhu N, Lu R, Tan W. Two-tube multiplex real-time 
rt!; \.lorsc tr:1nscript.ion l >C ~ 1-0 d <'t"--ct si_" hu1nan c::o r«>naviru~es;;. 

Viro/ Sin 2016: 31: 85- 88. 

15 U H, Durlnn R. fas t and accurate .-horl read al ignm nt with 
Burro, s-Whcelcr tr:i.ns form. Hioi1ifom,a1ici 2009: 25: 1754-60. 

16 Zhao Y. Tang H, Ye Y. RAPSearch2: a fast and memory-efficient 
protein slmib rity search tool for next,gen ration . equencmg dau. 
Bioinfomwtics 2012; 28: 125-26. 

17 Nurk , Baokevich A, Antipov D, e al. Assembling genomes aud 
mini ,metagenornt:s fror11 highlr chimeric reads. In: Deng M. 
Jiang R, Sun F. Zhang X, cd . Research in computational mokrular 
biology (RECOMB ZOU): lecture notes in omputer science, 
vol 7821. Berlin: Springer, 2013: 158--70. 

18 Pan M. Gao R, Lv Q. et al. 1 luman infection with a novel, hiohly 
pathogenic avian inAuenza A (HSN6) vims: vi.rological and clinical 
lit1dings. J Infect 2016; 72: 52-59. 

19 MarcWer-Bauer A. Bo Y. Han L, et al. CDD/ SPARCLE: functioMI 
classifica tion nf proteins \ia subfamily tlomain architechues. 
Nucleic Acids Res 2017; 45: D200-03. 

ZO Lole KS, Bolti_nger RC. Paranjape RS , et al. full-length human 
unmunodelici.ency virus 1)1"' l genomes from subtype C-infected 
serocouverte.rs in India, with cvi:rlcncc of intcrsubtype 
recombination. J Virol 1999: 73: 152-60. 

21 Nakamura T, Yamada KD, Tomii K, Ka toh K. l'aralleli,.ation of 
MAFFTJor large-sca le mllltiple sequence aligmnents. 
Bioinfimnatics 2018; 34: 2490--92. 

22 Sta rnatakis A. RAxM l 1•ersion 8: a tool for phylogenetic analysis 
and post-ana lys is of large phylogenies. Biainfonnatics 2014: 
30: 1312-13. 

23 Hu D, Zhu C, Ai l.. et al. Genomic cha racterization and infi:<:tivity 
of a no~I SARS.like coronavirus in Chi11cs~ bats. 
Em"')! Microbes /Jif<et 2018; 7: 154. 

24 U F. Structure, fwiction, and e,·oh1 tlon ofcoronavirus spike 
proteins. A111111 Rev Viro/ 2016; 3: 237--61. 

25 Lu G. Wang Q, Gao GP. Bat-to-human: spike features determining 
'host jlm1p' ofcoronaviruses SARS-CoV, MERS-CoV, and bt:)·011d. 
Trends Microb iol 2015; 23: 468-78. 

26 Wang Q, Wong G, Lu G, Yan J. Gao GF. MERS-CoV spike protein: 
targets for va.ccines and therapeutic . Anti,iral R,s 2016; 133: l65-77. 

27 He Y, Zhou Y, Liu S, et al. Receptor-binding domain of SARS-GoV 
spike protein induces highly paten.I neutralizing antibodies: 
implication for developing subunit vaccine. 
Biochem Biophys Rts Commun 2004; 324: 773-81. 

28 Ll F. Evidence for a common ·el'olutionary origin of corooa\ims 
spike protein receptor-binding subunits. J Virol 2012; 86: 2856--5S. 

29 Li F, Li W, Farzan M, Harrison SC. Structure of SA RS coronavirus 
spike receptor-binding domain complexed with receptor. Scienc, 
2005; 309: 1H64-<i8. 

30 Lu G. Hu Y. Wang Q. et al. Moleculor basis of binding between 
novel human coronavirus MERS-COV and its receptorCD26. Naiun, 

2013; 500: 227-31. 
31 Wang N, Shi X. Jiang Let al. Structure of MERS-CoV spike 

receptor-binding domain complexed ,vith human receptor Df>P4. 
c,tl Res 2013: 23: 986-93. 

32 Wang Q. Qi). Yuan Y, et al. Bat origins of MERS-CoV supported b)' 
bat coronavims HKU4 usage of human receptor CD26. 
Cell Hosl Microbe 2014; 16: 328--37. 

33 Wat.rhouse A Bertoru M, Biener! S, et al. SWISS-MODEL: 
homology modclli,,g of protein structures and compl,~es. 
Nucleic Acids Res 2018; 46: W296-303. 

34 Prabakaran P, Gan J, Feng Y. et al. Structure of S€'•ere acute 
respiratory syndrome coronavirus r«.cj)torrbinding domain 
complexed with neutralizing antibody. J Biol C/icm 2006; 
281: 15829--36. 

35 Guan Y. Zheng BJ, He YQ, el. al. Isolation and cl1aracterization of 
viruses related to the SARS corona\tirUS from anin1als in southern 
China. Scien,;e 1003; 302: Z7f>-78. 

36 Alag:i ili AN, Briese T. Mi hra N, ct al. Middle East r . pira tory 
syudrorne coronavirus infection in dromedary cameJs in 
Saudi Arabia. m Bi,, 2014; 5: .00884-14. 

37 Zhou P. Yang X-l., Wang X-G, ct al. Discovery ofa novel coronavirus 
associated with the recent pneumonia outbreak in humans and its 
potential bat origin. bicRxiv 2020: published onlinc Jan 23. 
DO I: I0.1101 /2020.01 .22. 91495 2. 

wwv1o·,thelancct com Publi shed on1inc-Janu;i,ry 29,. 2020 https://doi.or9/1.0.1.0l.6/S0140-6736(20)302s1-8 


