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ABSTRACT

AIM: Recently, more SARS-CoV virus genome sequences are released to the GenBank database. The aim of this
study isto reveal the evolution forces of SARS-CoV virus by analyzing the nucleotide mutations in these sequences.
METHODS: We obtained 20 SARS-CoV virus genome sequences from NCBI database, and calculated the ratio of
non-synonymous nucleotide substitution per non-synonymous site (K,) and synonymous nucleotide substitution
per synonymous site (K,) for SARS-CoV virus genes. RESULTS: The K /K ratios for replicase polyprotein ORF1la,
ORF1b, and spike protein gene are 1.09 (P=0.6501), 0.38 (P=0.0074), 0.65 (P=0.0685) respectively.
CONCLUSION: SARS-CoV virusreplicase polyprotein ORF1b is undergoing negative selection; negative selection
force isalso probably operating on spike protein gene. These results provide basis for future developing a new drug
and vaccine against SARS.

coronaviruses, the viral RNA genome has five major
open reading frames (ORFs) and additional nine poten-
tial ORFs. These ORFs-encoded proteins include the
replicase polyprotein, the spike (S), envelope (E), and
membrane (M) glycoproteins and the nucleocapsid pro-

INTRODUCTION

Severe Acute Respiratory Syndrome (SARS) isa
global outbreak disease, epidemic from November, 2002.
The pathogen has been discovered as a novel

coronavirus (SARS-CoV). SARS-CoV isa30 kb ssRNA
positive-strand virus!*®. Similar to other known
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tein (N)*®. Sequence analysis reveals that the SARS-
CoV virusis distinct from all known human viruses.
Therefore, SARS-CoV virus is unlikely the mutant or
recombinant of any known human coronaviruses,
instead, probably jumps to human population from an
unknown source®®, Recently, a coronavirus resem-
bling the SARS virus has been detected in palm civets
(Paguma larvata) and a raccoon dog (Nyctereutes
procyonoides)”. However, at present, it is uncertain
whether these animals are the exact origin of human
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SARS-CoV virus.

After jumping to human, to adapt itself to the new
host and to avoid the host immune system, SARS-CoV
virus should be under evolutionary selection. The de-
coding of the virus complete genome sequence and iden-
tification of its encoded proteins provide the basis for
evolutionary analysis of the virus genome. Sequence
comparison of 14 SARS-CoV virus genome sequences
revealed the common origins of human SARS-CoV vi-
ruses'®. Although the SARS-CoV virusis relatively
stabl€®, the mutations within virus genome are not even
distributed. Thisindicates that some genes may mutate
rapidly than others. Identifying the undergoing evolu-
tion process of these genes will be helpful in virus de-
tection and therapy.

Worldwide SARS research accel erates the progress
of SARS-CoV virus genome sequencing. So far, 20
SARS-CoV viruscomplete genome sequences have been
released to GenBank. Thus, it is possible to obtain more
mutations of SARS-CoV virus genome from these
sequences. These mutations harbor information about
the virus-host interaction during the past half year
epidemic. In thisstudy, we investigate the evolution of
virus genes, particular the replicase polyprotein gene
and spike protein gene.

MATERIALS AND METHODS

SARS-CoV virus genome sequences The 20
SARS-CoV virus complete genome sequences were
from GenBank (http://www.ncbi.nlm.nih.gov/).

Multiple sequence alignment and phylogenetic
analysis We performed multiple sequence alignment
and constructed consensus neighbor-joining tree of the
20 SARS-CoV virus genome sequences using the free
online ClustW programm (http://www.ebi.ac.uk/
clustalw/).

Prediction of transmembrane helices \We used
TMHMM Server v. 2.0 to predict the transmembrane
helices of membrane glycoprotein (http://www.cbs.dtu.
dk/services TMHMM-2.0/).

Non-synonymous nucleotide substitution per
nonsynonymous site (K,) and synonymous nucle-
otide substitution per synonymous site (K,) analy-
sis We calculated the synonymous sites and non-syn-
onymous sites, synonymous and nonsynonmous mu-
tations using the DnaSP 3.51 programm!®. We used
Fisher’ s exact test to calculate the P value under null
hypothesis of equal rates of synonymous and non-syn-

onymous changes''?.

RESULTS AND DISCUSSION

Mutation distribution SARS-CoV virus spread
to human population half years ago, then quickly broke
out in the world. In the new host, the viruses are sub-
jected to either positive, negative or neutral evolution
forces. Positive selection often operates on genes in-
volved in evading the defensive systems or immunity,
such as the human immunodeficiency virus-1 envelope
gene (env). During genome replication, SARS-CoV
viruses are apt to obtain mutations by its error-prone
polymerase. Greater K /K, ratio characterizes positive
Darwinian selection; contrariwise, low K /K, ratio im-
plies negative selection*”. In this study, we try to ex-
plore which geneis under the force of positive selection,
and which geneis under negative selection. We calcu-
lated the number of non-synonymous nucleotide sub-
stitution and synonymous nucleotide substitution that
occurred in each of thefive mgjor genesinthe 20 SARS-
CoV virus genome sequences (Tab 1). In the coding
region of the five major genes, there are totally 129
nucleotide substitutions. Multiple sequence alignment
shows that some mutations seem to be cluster in these
genes (Fig 1). This result suggests that these regions
are undergoing rapid adaptive evolution.

Negative selection of S protein The structure
proteins of SARS-CoV virusinclude Sprotein, E protein,
M protein and N proteini*®, The first three forms the
surface of the SARS-CoV viral particles. These pro-
teins were under selection pressure from the host im-
mune response. Due to lack of enough nucleotide sub-
stitutions (Tab 1), we could not analyze the operating
evolution forces for gene E, M and N. Sproteinisa
large protein with 1255 amino acids. It recognizes spe-
cific receptors on the surface of host cells and medi-
ates membrane fusion®*?, Furthermore, it isimportant
in determining the species specificity, tissue tropism
and virulence of virus infection. We observed 14 non-
synonymous nucleotide mutations and 9 synonymous
nucleotide substitutionsin this gene (Tab 1). The K /K
value is 0.65, P value is 0.0685 (Tab 1). This result
suggests that the S protein is likely under negative se-
lection in human host; S protein is stable during human
passage. Thus, Sproteinisan ideal vaccine component.
Meanwhile, it also hintshigh similarity of S protein bind-
ing receptors in human and its original host.

Evolution of replicase polyprotein gene The
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Tab 1. Nucleotide substitutions and K,/K; values of the five SARS-CoV virus genes.

ORFla ORF1b Sgene M gene E gene N gene
Non-synonymous substitution 49 18 14 4 1 3
Synonymous substitution 16 14 9 0 0 1
Total substitution 65 32 23 4 1 4
Length (bp) 13149 8088 3768 666 231 1269
K JK, 1.09 0.38 0.65 ND ND ND
Pvaue 0.6501 0.0074 0.0685 ND ND ND

Note. Fisher’'s exact test was used to test the null hypothesis of neutral evolution.

coronavirus replicase polyprotein isa 7073-amino acid
large protein, composed of two polyproteins ORFla
and ORF1b. They are translated from the virus ge-
nomic RNA sequence. The replicase polyprotein auto-
catalytically processes to produce a group of proteins
including proteases PLPpro and 3CL pro, RNA-depen-
dent polymerase (POL), RNA helicase (HEL) and other
function unknown proteins®®. These proteins are im-
portant targets for drug design!***¥, Consistent with
the observation that the product of ORF1 is relatively
lower in conservation among different corona-
viruses®, the K /K, ratio for ORFlais 1.09 (P=0.6501)
(Tab 1). Thus, according to the K /K ratio, ORFlais
likely evolving inafashion of neutra evolution. However,
in view of the uneven distribution of nucleotide substi-
tutions (Fig 1), some parts of ORF1a might be under
positive selection and other parts under negative
selection. Infact, when analyzing thefirst 1667 codons,
the K /K ratio reaches to 1.58 (p=0.3192). ORF1b en-
codes several important proteins including the RNA-
dependent polymerase and the RNA helicase. Based on
KK, ratio, this ORF is under negative selection (Tab
1), reflecting the functional conservation of its encoded
proteins in new host.

CONCLUSION

In this study, we identified two genes, replicase
polyprotein ORF1b and spike protein genes that are
subject to negative selection. However, based on the
current available SARS-CoV virus sequences, we could
not detect positive selection effect. With the accumu-
lation of new data, positive evolution force might be
uncovered such ason M gene. In this study, we could
not distinguish mutations caused by host pressure from
mutations occurring in in vitro expansion or sequence

errors'®, the current results need to be confirmed in
future by analyzing SARS-COV sequences free of in
vitro expansion mutations.
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Fig 1. Multiple SARS-CoV viruses sequence alignment showing clustered mutations in different regions of the virus

genome.
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