W18 % 2 Gel 7/ SN Vol.18 No.2
2020406 H Chinese Journal of Bioinformatics Jun. 2020

DOI:10.12113/202001007

2019 FIEBRFEERAANEMEEFES

MRzl s, EARES X g, 2 &L R, BoE A, m '
(LB R ARl KHEE 300071 ; 2. 830 IX MEEBE , RS 5T 210016,
3EEE T DR R R AR &, i T NG11 8NS;
4TI PR, K 300071;5. B K2E BUER#2#8, K 300071)

M OE:2019F 12 A, FERXRE T ARFF I RN K, Ll RAER S 2003 515K 0™ F AR LA FE(Severe Acute
Respiratory Syndrome, SARS) F ], B i ZmE T 2 B R mHN — N EMN, LR TEHLER AL E 477 65 2 ¢
R,BEMNT2018FEER LeARYE 2 Thi G Mo HME S WK G-, I B A T Beta k% % B L2 (BB &k %)
HEAWTR, EX—BREFT, KFXEA BB ERm &£ EHA+ 8 —AEA4NE UFZ (4 4 A Nankai complemented pal-
indrome) & H Bif 75 49 45 7 X (4 %4 4 Nankai CDS) % % & A7 B9 2019 ¥ 2 %3k /% % 2 B 41 ( GenBank : MN908947) 3 47 4 #7 DL #1
EHHIR, X BB ARG HFNE DA EEAE EE R ERTWI AR, HRSN SR T 2019 A S RGHFIEE RE,
BE SARS ARFHFZREA, X—LEREHFRARERZR —F, AAXNREZRNEBB AR A HFFERENTEH
BASTFATETT BBERAELFH S GNER, ABBERAETEHFFRABNELEANAT(EFRT)
Hopa AN A E A EEALUK G, B RMNE BB ERFETHELTLHMFUELAFAEE, £TAE
HEABAEOEIELN , AAREER EE AN T AT EREET BB ERGHEL R FES LAAREBNE £E 0
HRE,

X8R WK & ;SARS; 7 % #1118 ;SARS-CoV-2; 5 4 1 3%

FE 5 ES:Q93 XEIRE A XEHRS:1672-5565(2020) 02-096-07

Bioinformatics analysis of the 2019 novel coronavirus genome

CHEN Jiayuan',SHI Jinsong’, YAU Tungon®, LIU Chang*
LI Xin', ZHAO Qiang', RUAN Jishou’, GAO Shan'"
(1.College of Life Sciences, Nankai University, Tianjin 300071, China;
2. National Clinical Research Center of Kidney Disease, Jinling Hospital, Nanjing University School of Medicine , Nanjing
210016, China;
3.School of Science and Technology, Nottingham Trent University, Nottingham ,
NG11 8NS, United Kingdom ;
4.School of Medicine, Nankai University, Tianjin 300071, China ;

5.School of Mathematical Sciences, Nankai University, Tianjin 300071, China)

Abstract;In December 2019, a pneumonia outbreak caused by a human coronavirus was reported in Wuhan
(China). This virus was predicted as a new coronavirus, named the 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
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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 the 2019 novel coronavirus genome

T : A:Nankai CDS Jit BB SR 755 21— Be i BEOR ST A0 PP 91, 4046 —BE 22 bp A EARNEI ST (FH + 277 ) o Nankai CDS B4 —4> 8 3
11 bp BATAE X, 435308 T PR R [FHK BE (J2 465 5468 bp , #3071 ) i Nankai CDS;B : JEMLMHIEEEH 13 25 L BRI X A Nankai CDS, ]
LRI L BATHEAL A A 45 SR — 3R, i B X R 4R 3% ( Neighbor Joining, NJ) 12 925 5 : 2019 B RUEAR A REIR 1 8 058 564 (007 #E N ) LB
5 SARS AR HE 2 5 E R (LLEITHERN) s H PL 2] PL7( LI 1C ) AT LAXT 13 A BB SR TEHEAT B K 43 B (/NG5 1), L 2R S HEAL ST 1Y
GER—B, C B RIF TR Nankai CDS AT AT 240 17 AN AR, 205l dr 45 o0 P12 P17, X HURZR B — RIS T ATG H
EALE T T R R B A 255 R AR AR B S F (ATG \GTG \CTG Ml TTG ) Fll = A2 1k 25 10 2 T 5 22 1) 26 14 5, (0 Bl o]
AR FHEAR A1

Notes: A; The 22-bp complemented palindrome (named Nankai complemented palindrome) and the CDS (named Nankai CDS) have a high degree of
evolutionary conservation in genomes of betacoronavirus subgroup B( BB coronavirus). An 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 novel coronavirus (in blue box) with
large differences from the SARS coronavirus (in red box), may originate from BB coronaviruses in Chinese horseshoe 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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Table 1 Mutations in start or stop codons in Nankai CDS

TRAEMBRAE(ZE 1)

Nankai CDS A9 —/~2845 (C80A \ T8OA Fl1 T254A) ,
MG772934 (3K H Wil ) A1 MNO08947 (2019 3 il e 4k
J#Bf ) 7E Nankai CDS b3t 1 P04~ 28 48 (T182A |
CI82A , T237A F1 T236G) ¥% A H & ¥ 3 %,
JX993988 {.3% i 8 2 7 F B RR ik, 5 B ok A i
W R 7 22 SR AR (LI 1B) |, 3% BUR Mgk — A2 4
9%, HEN—ITE, Giit 13 4% Nankai CDS AR =
A I RB, R S TET 14 AR IR 2 ATG

T H5REHEF ATC HA 03 1| MR 25
8 M= T S5 ILES T (TAA TAG I TGA) KA 1
MEHTRN2E . Gotai R T 1 MR
AR (SR FEGR AT LB 7 1 £ kA
FIRER A B, AR LA A O T A 4 % 3
HEXF 25 R R, KER /751 28 AR AR AEAT 2 NT 40 AR 0T LIHERR Nankai CDS H 19 R f2: 2 4 o8 2% 1k %5 1
P PO T B SR, RO A4 JX993988 FE

PP Start Allele Mutation Stop Allele Mutation AA
Pl 1 ATG 183 TTG\TCG\TAG  T182A\C182A 61
P2 190 ATA\ATG A192G 300 TGG\TAG G299A 37
P3 367 ATG 465 TAA 33
P4 1 ATG 81 TCG\TTG\TAG C80A\T80A 27
pP5 178 GTG\ATG G178A 255 TTG\TAG T254A 26
P6 259 ACG\ATG C260T 345 TTA\TAA T344A 29
P7 1 ATG 120 TCA\TTA\TAA CI19A\T119A 40
P8 1 ATG 171 TTA\TAA T170A 57
P9 1 ATG 345 TTA\TAA T344A 115
P10 1 ATG 69 TCA\TAA C68A 23
P11 97 ACG\ATG C98T 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 C98T 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  GI55A\TI55A 256 TCANAGA\TGA  C255G\A254T 34

] E B HON Nankai CDS ] LLTN 5 2270 17 MBI, 4056450 PLEI PLT( LA 1C) . FrA ARSIk A 17 ASBIN 8 H 5T, PP 3%
7R TR () 2K 15 ( Putative Protein ) 144 7 ; Start — 3112 5% A9 28 4R 3505 T 19 55 — ML (19 067 8 5 Stop — 3 SR AR UL %10 T B — Sl gk

118 5 Allele — 81055 BT AE AL B (125 65 1Y 2 FF S8 s Mutation —51) Hid S BORAH L IR 5 28 11 25 057 19

2 AR g%

GAE SRS R S R
FLEE SR RMIE" s AA FU PP (01, MRS (Amino Acid) . 3G (0 RUBEFH— I B T ATG R =/ LB T 7 26 11

BB g 45 5 TSR I BT (ATG (GTG (CTG Fl TTG ) Fl =8 113 12 T B 22 A 25 111 5, (ELAS el 2 ] A BHAAR 2



55 2 1]

Wraa i, 2 . 2019 B AU 7 2k P AL A= 015 B 0 A 101

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.

T AR S B Nankai CDS 0] LT Y 2= />
17 N[ R ( Putative Protein ) , 9l a4 Pl oF|
P17( WL 1C) . I P12 P17 AT RIS 13 AR AR T
FEN Ay AU (T T AR BE R ARG 3 4 B ) o,
MN908947 (2019 i 5 IR 9% & ) nl LA £ /R N
P1OP11P12P13P17, FRAT A B3 P 43 780 AH [W] sl AH ik
()5 2 AR AE SE AL A 1 i [R] — A~ 43 N (LB 1B)
B4n, batl 4332 (95 B 1Y PR o BT th — A8 A
2H HL; SARS FR + M 53 RS2 P16; MN908947
(2019 AV ) FI MG772934 (3K [ Wi ) #-A
P10, ML E=SE, T LIS B LA R HEIS . (1) BB i
PIREE (A PR T Nankai CDS W) F77E K & 1Y ) 4% B
PE; (2) BB bR HEAS Sl 2R i AU 13 4Nk
BERNATAR RN 238 9 Fh LA 3 AU (WL 1BC) ; (3) 7E
SARS Jef PRI B M B i 21 A AL HE L F2 |, Nankai CDS
WEZA MR R AL W P16; (4) £ 2019 5 A5
PRI B W 0 2 AL G S R, P1S Rl — AN i
AR (C355T) RIJE A, P12 A1 P13, P14 HFEWA ERAR
(T170A 1 T191C) BIJE R P11 F1 P17 (5) 7T AR $Hi%
AT (EASFR T°) BB Je R 25 (1 £ H 43 AL Pl
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