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Initial Analysis of Complete Genome Sequences of SARS Coronavirus
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Abstract Multiple sequence alignment among 12 complete SARS coronavirus SARS-CoV  sequences reveals that the major parts
of 29708 b of the genomes have 99.82% identical bases. Forty two nucleotide mismatches were found in addition to the five and six
gaps in two genomes. Among them 28 mismaiches result in changes of amino acid in the encoded proteins. Analysis of the changes
implies possible effect on the Spike and Membrane protein of the virus while most of the other changes seem not very significant to
alter the structure and function of the proteins. These results have been released on the anti-sars web site maintained by the Centre
of Bioinformatics Peking University antisars. cbi.pku.edu.cn and may be of help for further experimental study.
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The outbreak of the Severe Acute Respiratory Syndrome SARS starting from southern China early this year has a significant
influence on public health. The identification of SARS-CoV as the major causative factor of the SARS disease and the genomic se-
quencing of the virus makes it possible for bioinformatics study. A total of 16 SARS-CoV genome sequences are available from the
nucleic acid database GenBank/EMBL/DDBJ by 20 May 2003.SARS-CoV ZJ01 AY297028.1 was shown in GenBank after the
analysis was performed.

12 complete genomes were retrieved from GenBank Table 1 with general information such as the name of the sequence the
accession number the date of deposit release and latest update. A special code was designated for each sequence e.g. CAl for
NC _004718.3 from Canada.

A PC/Linux RedHat 8.0 platform with 2 processors 2.2GHz and 4GB memory was setup for this study and several bioin-
formatics tools were installed on the system. ClustalW ver 1.82 for multiple sequence alignment and PSIPRED ver 2.3  for pro-
tein secondary structure prediction are freely available while TMHMM ver 2.0 for transmembrane prediction PSORT I for pro-
tein localisation and HMMER ver.2.1.1 for constructing hidden Markov model were kindly provided by the authors.

Multiple sequence alignment of 12 SARS-CoV genomes reveals a high degree of sequence similarity. The major part of the
29708b of all 12 genomes has 99.82% identical bases. Forty two nucleotide mismatches were found in addition to the five and six
gaps in two genomes. A table of all mismatiched bases was created Table 2 . Information of the positions of the mismatches in the
genome the genetic codons and the proteins they encode and the changes of the amino acids caused by each mismatch are listed in
the table. Among all 42 mismatches 28 cause changes of amino acids in the coded proteins. Protein sequence analysis including
secondary structure prediction transmembrane alpha helix location signal peptide and nucleic localization signal identification was
performed on these proteins to explore the possible alternation of structure conformation and function which may be affected by the

change of the amino acids in special positions. This analysis reveals possible effects on the Spike and Membrane protein of the
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SARS-CoV while most of other changes seem not very significant. These results have been released on the anti-sars web site main-
tained by the Centre of Bioinformatics Peking University —antisars. chi. pku. edu. cn  and may help biologists for further experi-
mental study. A hypertext version of this paper which contains various materials including sequence data analysis tools and output

results can be found at the above web site.
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Table 1 12 SARS coronaviruses with complete genome sequence

Code Name Accession Length Submit First Release Latest update
CAl TOR2 NC _004718.3 29751b 13-Apr-2003 14- Apr-2003 16-May-2003
BJ1 BJO1 AY278488.2 29725h 17-Apr-2003 21-Apr-2003 01-May-2003
Us1 Urbani AY278741.1 29727b 17-Apr-2003 21-Apr-2003 21-Apr-2003
HK1 HKU-39849 AY278491.2 29742b 17-Apr-2003 18-Apr-2003 18- Apr-2003
HK2 CUHK-W1 AY278554.2 29736b 17-Apr-2003 18-Apr-2003 14-May-2003
HK3 CUHK-Sul0 AY282752.1 29736b 24- Apr-2003 07-May-2003 07-May-2003
SG1 SIN2500 AY283794 .1 29711b 27-Apr-2003 09-May-2003 09-May-2003
SG2 SIN2677 AY283795.1 29705b 27-Apr-2003 09-May-2003 09-May-2003
SG3 SIN2679 AY283796.1 29711b 27-Apr-2003 09-May-2003 09-May-2003
SG4 SIN2748 AY283797.1 29706b 27-Apr-2003 (09-May-2003 09-May-2003
SG5 SIN2774 AY283798.1 29711b 27-Apr-2003 09-May-2003 09-May-2003
TW1 TW1 AY291451.1 29729h 06-May-2003 14-May-2003 14-May-2003
CAl Genome Sciences Centre Canada USI Centers for Disease Control and Prevention USA  HKI
The University of Hong Kong HK2/HK3 Chinese University of Hong Kong BJ1 / Academy of
Military Medical Sciences/Beijing Genomics Institute  SG1-5 Genome Institute of Singapore TW1 National Taiwan
University
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Table 2 Mismatches among 12 genome sequences of SARS coronavirus”
Mismatch

No Site Freq | CA1| BJI | USI | HKI | HK2 | HK3 | SG1 | SG2 | SG3 | SG4 | SG5 | TW1 Codon Protein site AA
1 1476 1 a a a a a a a G a a a a AGA-AGG P65 225 R-R
2 2601 1 t C t t t t t t t GTT-GTC P65 600 V-V
3 3165 1 a a a a a a a a a a a G TCA-TCG Nspl 149 S-S
4 7746 1 g g g g T g g g g g g g CCG-CCT Nspl 1676 P-P
5 7919 1 c c T c c c c c c c c c GCT-GIT Nspl 1734 A-V
6 7930 1 g g g A g g g g g g g g GAC-AAC Nspl 1738 D-N
7 8387 1 g g g C g g g g g g g g AGT-ACT Nsp 1890 S-T
8 8417 1 g g g C g g g g g g g g AGA-ACA Nspl 1900 R-T
9 8572 1 g T g g g g g g g g g g GTA-TTA Nspl 1952 V-L
10 9404 2 t C t t C t t t t t t t GIT-GCT Nspl 2229 V-A
11 9479 1 t t t t C t t t t t t t GTA-GCA Nspl 2254 V-A
12 9854 1 c T c ¢ ¢ c c c c c c c GCC-GTC Nspl 2379 A-V
13 10587 1 a C a a a a a a a a a a ACA-ACC 3cl 201 T-T
14 13494 1 g g g A g g g g g g g g GIT-AGT RdRp 42 V-S
15 13495 1 t t t G t t t t t t t t GIT-AGT RdRp 42 V-S
16 16622 1 c c T ¢ c c c c c c c c GCC-GCT NsplO 152 A-A
17 17564 2 t G t t G t t t t t t t GAT-GAG NsplO 466 D-E
18 17846 2 c c c c T T c c c c c c CGC-CGT Nspl0 560 R-R
19 18065 1 g g g A g g g g g g g g AAG-AAA Nspll 32 K-K
20 18282 1 c c ¢ c c ¢ c c A c c c CTA-ATA Nspll 105 L-1
21 18965 1 t t t t t t t t t t A t ATT-ATA Nspll 332 I-1
22 19064 2 a a G a G a a a a a a a GAA-GAG Nspll 365 E-E
23 19084 4 c c ¢ ¢ c c T T c T T ¢ ACA-ATA Nspll 372 T-1
24 19838 1 a G a a a a a a a a a a GTA-GTG Nspl2 96 V-V
25 21721 2 g A g g A g g g g g g g GGC-GAC Spike 77 G-D
26 22222 2 t C t t C t t t t t t t ATT-ACT Spike 244 I-T
27 23174 1 c c c ¢ ¢ ¢ c c T ¢ c c TCC-TCT Spike 561 S-S
28 23220 1 G t t t t t t t t t t TCT-GCT Spike 577 S-A
29 23792 1 c c c c c c c c c c T c GTC-GIT Spike 767 V-V
30 24872 1 t t C t t t t t t t t t CIT-CTC Spike 1127 L-L
31 25298 1 A g g g g g g g g g g g GGA-AGA SARS3a 11 G-R
32 25569 1 t t t A t t t t t t t t ATG-AAG SARS3a 101 M-K
33 25673 1 a C a a a a a a a a a a AAG-CAG SARS3a 136 K-Q
4 26050 1 a c a a a a a a a a a a CCA-CCC SARS3a 261 P-P

a a a a a a a a a a a CAA-CCA SARS3b 121 Q-P
35 26428 1 g g g g g g A g g g g g GAG-AAG Membrane 11 E-K
36 26471 1 t t t t t G t t t t t t TTC-TGC Membrane 27 F-C
37 26600 1 c c c T c ¢ c c c c c c GCT-GTT Membrane 68 A-V
38 26857 1 t t t t t t t t t t t TCC-CCC Membrane 154 S-P
39 27111 1 a a a a a a a G a a a a GAG-GGG SARS6 13 E-G
40 27243 1 c T c c c c c c c c c CCT-CTT SARS6 57 P-L
41 27827 2 t C t t C t t t t t t t TGC-CGC SARS8a 17 C-R
42 28696 1 g g g g g T g g g g g g GGT-TGT | Nucleocapsid 193 G-C

52 2 12| 5 9 9 3 2 3 2 1 3 1
* 1 No 2 Site CAl NC_004718.3 3 Freq
Mismatch 12 42 1 Codon Protein site

AA
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Table 3 Proteins with amino acid change deduced from mismatches of SARS corona virus genome sequences
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Fig.1 Positions of proteins with amino acid changes deduced from mismatches

of genome sequences of SARS coronaviras
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