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Abstract: In 2019, a human coronavirus has caused the pneumonia outbreak in Wuhan (a city of China). This
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virus was predicted as a new coronavirus , named 2019 novel coronavirus(2019-nCoV), as it caused clinical
symptoms different from Severe Acute Respiratory Syndrome (SARS) during the 2003 outbreak. Currently, most
of the researchers simply use the complete genome or specific structural gene sequences to investigate
coronavirus (e.g. phylogenetic analysis) without considering the functions of the products from coronavirus genes.
To overcome this shortcoming, we proposed the joint analysis of the molecular function and phylogeny, and
applied it in our previous study of genomes of Betacoronavirus subgroup B(BB coronavirus). In that study, we
identified a 22-bp complemented palindrome from a highly conserved Coding Sequence (CDS). Both the 22-bp
complemented palindrome (named Nankai complemented palindrome) and the CDS (named Nankai CDS),
evolutionary conserved in BB coronavirus genomes, were identified as genomic features associated to the
molecular functions of BB coronavirus. In the present study, we used these two genomic features to trace the
origin of 2019-nCoV (GenBank: MN908947) and conduct a preliminary study of the mechanisms in the
cross-species infection and host adaption of BB coronavirus. Our analytical results show that 2019-nCoV with
large differences from the SARS coronavirus, may originate from BB coronaviruses in bats. The most important
finding is that the alternative translation of Nankai CDS could produce more than 17 putative proteins, which may
be responsible for the host adaption. The genotyping of 13 viruses using the 17 putative proteins revealed the high
mutation rate and diversity of BB coronavirus. Our study, for the first time, aimed to explain the reason for the
high host adaptability of the multi-host BB coronavirus at the molecular level using large amounts of genomic
data. The findings in the present study laid foundations for the rapid detection, genotyping, vaccine development
and drug design of, but not limited to BB coronavirus.
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Fig.1 Origin and alternative translation of 2019 novel coronavirus genome
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A: The 22-bp complemented palindrome (named Nankai complemented palindrome) and the CDS (named Nankai CDS) have a high
degree of evolutionary conservation in BB coronavirus genomes. A 8- or 11-bp long variable region in Nankai CDS resides in two
types of Nankai CDS. The first type has a length of 465 bp, while the second type has a length of 468 bp. B: Consistent results were
obtained by different phylogenetic analysis methods. Here, we only show the result using the NJ (Neighbor Joining) method. The
2019-nCoV (in blue box) with large differences from the SARS coronavirus (in red box), may originate from BB coronaviruses in
bats. Phylogenetic analysis and genotyping (in parentheses) of 13 viruses using 17 putative proteins (Fig 1C) achieved consistent
results. C: The putative proteins (named as P1 to P17) were predicted from the Nankai CDS using ATG as the start codon, and TAA,
TAG and TGA as stop codons. The prediction using ATG, GTG, CTG and TTG as start codons, and TAA, TAG and TGA as stop

codons did not change all conclusions in the present study.
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Nankai complemented palindromeTiiill I RNA — 25 25 K T3 SR RETE Bike g B 2538 (Stem-loop) 4544, FHIRESIE
T Nankai complemented palindrome 7 BB i IR 25 3 P 28 v g £ =7 1. Nankai CDSH AT A8 [X S8 1 K Ji
AR (LELA) : MG772934 (K HHIE) FIMN908947 (2019 A4 tRim ) INankai CDS4:K: y468 bp
(Fr1lbprAF[X) 5 HAR115 /741 INankai CDS4x 14465 bp (8 bprl A2 [X) o 1T JGiZHi & 5 % Nankai
CDSIH R A X (748 577 3, AT/ M T, 13%Nankai CDS 23 B i A8 [X i R AI 3¢ 5%, K% 45— #1457 bp.
280757 (UPGMA. AR#E%. BORTIZI%E. SORMUSREAM DUH-rid) %f13%%Nankai CDS#EATHE(L 7>
Privgs e (LELB) —HC R (1) MN908947 (2019%i AL R ) HMG772934 Ok FH i) 1EREL
W)= 3N OREIIBIEEGAEN ) , Ui U 2019387 BL b IR I 26 U5 H i 2
RIIBEETHEA) SSARSTERIET (WEIBAGIHTEN) RS, MHEERK, X —4R5M%H
IERADIR Z 5 — B (3) SARSTEMIFRE B IAM LRI “Ihli- R T -7 (LENBA®ITEN) 5

20184E /T2 s A RIS, IE B T 3RAT AL AT S5k
# 1 Nankai CDS AR ER& 1L %10 7R3

Table 1 Mutations in start or stop codons in Nankai CDS

(2) 2019 Btk 2E (L

PP Start Allele Mutation Stop Allele Mutation AA
P1 1 ATG 183 TTG\TCG\TAG T182A\C182A 61
P2 190 ATAATG A192G 300 TGG\TAG G299A 37
P3 367 ATG 465 TAA 33
P4 1 ATG 81 TCG\TTG\TAG C80A\T80A 27
P5 178 GTG\ATG G178A 255 TTG\TAG T254A 26
P6 259 ACG\ATG C260T 345 TTA\TAA T344A 29
P7 ATG 120 TCA\TTA\TAA C119A\T119A 40
P8 ATG 171 TTA\TAA T170A 57
P9 ATG 345 TTA\TAA T344A 115
P10 ATG 69 TCA\TAA C68A 23
P11 97 ACG\ATG Co8T 171 TTA\TAA T170A 25
P12 259 ACG\ATG C260T 357 CAA\TAA C355T 33
P13 370 ATG 468 TAA 33
P14 97 ACG\ATG Co8T 237 TGT\TTA\TGA T237A\T236G 47
P15 259 ACG\ATG C260T 468 TAA 70
P16 1 ATG 465 TAA 155
P17 155 GTG\TTG\ATG  GI155A\T155A 256 TCA\AGA\TGA C255G\A254T 34
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Notes: The putative proteins (named as P1 to P17) were predicted from the Nankai CDS (Fig 1C). This table only includes the
mutations in start or stop codons in 17 putative proteins. “PP” is Putative Protein; “Start” records the positions of the first nucleotides



in start codons; “Stop” records the positions of the last nucleotides in stop codons; “Allele” records all types of codons on the
positions; “Mutation” only records mutations which cause the acquisition of start or stop codons in the format “nucleotide before
mutaion-position-nucleotide after mutaion”; “AA” is Amino Acid. The putative proteins were predicted from the Nankai CDS using
ATG as the start codon, and TAA, TAG and TGA as stop codons. The prediction using ATG, GTG, CTG and TTG as start codons,
and TAA, TAG and TGA as stop codons did not change all conclusions in the present study.
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