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Abstract: In this work, severe acute respiratory syndrome associated coronavirus (SARS-CoV) genome BJ202 (AY864806) was
completely sequenced. The genome was directly accessed from the stool sample of a patient in Beijing. Comparative genomics
methods were used to analyze the sequence variations of 116 SARS-CoV genomes (including BJ202) available in the NCBI Gen-
Bank. With the genome sequence of GZ02 as the reference, there were 41 polymorphic sites identified in BJ202 and a total of 278
polymorphic sites present in at least two of the 116 genomes. The distribution of the polymorphic sites was biased over the whole
genome. Nearly half of the variations (50.4%, 140/278) clustered in the one third of the whole genome at the 3’ end (19.0 kb—29.7 kb).
Regions encoding Orf10-11, Orf3/4, E, M and S protein had the highest mutation rates. A total of 15 PCR products (about 6.0 kb of
the genome) including 11 fragments containing 12 known polymorphic sites and 4 fragments without identified polymorphic sites
were cloned and sequenced. Results showed that 3 unique polymorphic sites of BJ202 (positions 13 804, 15 031 and 20 792) along
with 3 other polymorphic sites (26 428, 26 477 and 27 243) all contained 2 kinds of nucleotides. It is interesting to find that position
18379 which has not been identified to be polymorphic in any of the other 115 published SARS-CoV genomes is actually a poly-
morphic site. The nucleotide composition of this site is A (8) to G (6). Among 116 SARS-CoV genomes, 18 types of deletions and 2
insertions were identified. Most of them were related to a 300 bp region (27 700-28 000) which encodes parts of the putative ORF9
and ORF10-11. A phylogenetic tree illustrating the divergence of whole BJ202 genome from 115 other completely sequenced
SARS-CoVs was also constructed. BJ202 was phylogeneticly closer to BJO1 and LLJ-2004.
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Severe acute respiratory syndrome (SARS) is a
new infectious disease that first emerged in Guang-
dong province, China, in November, 2002 and then
quickly spread worldwide before being successfully
controlled in 2003 by classical public health meas-
ures''!. It had the characteristic of high mortality and
morbidity. Within a short period of six months since
its first outbreak, it affected 8 096 people and led to
774 deaths'”.

Since the publication of the first complete ge-
nomic sequence of SARS-CoV®! 115 SARS-CoV
genomic sequences have been completed and hun-
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dreds of additional partial sequences are available in
the NCBI GenBank, all of which provide a strong
foundation for a better understanding of the transmis-
sion and molecular evolution of SARS-CoV. How-
ever, it is still a great challenge to establish the rela-
tionship between the observed genomic variations
and the biology of SARS-CoV.

SARS-CoV, an enveloped, positive-stranded RNA
virus, was determined to be a new member of the Coro-
naviridae family and the supposed transmission was from
the wild animal to human being[4]. It has the largest ge-

nome size among RNA viruses and a broad host range[m.
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The entire 29 700-base genome of SARS-CoV contains 12
putative open reading frames including four major struc-
tural proteins: the spike protein (S protein, 1 255 aa) which
mediates attachment to cellular receptors and entry by
fusion with cell membranes; the small envelope pro-
tein (E protein, 76 aa) which acts as a scaffold protein
to trigger assembly; the membrane protein (M protein,
221 aa) which is an integral membrane protein in-
volved in budding and interaction with the nucleocap-
sid and S proteins and the nucleocapsid protein (N
protein, 422 aa)®” % The functions of some
non-structural proteins, such as polyproteins of the
replicase complex encoded by Orfla and Orflb, have
also been identified.

A characteristic of RNA viruses is their genetic in-
stability, which enables the viruses to escape attack by
the host immune system and to change their host range
and tissue tropism more frequently. On the other hand,
over a long epidemic period, the rate of synonymous
mutations of the coding sequences of SARS-CoV was
constant, while the rate of non-synonymous mutation
(amino acid substitution) decreased™. Pairwise analy-
sis of the Ka/Ks for the genotypes in each epidemic
phase showed that the average Ka/Ks for the early phase
was significantly higher than that of the middle phase,
and even higher than that in the later phase™ . In this
work, the genome of one SARS-CoV isolated directly
from the stool sample of a SARS patient was completely
sequenced. Comparative genomics analysis was per-
formed to reveal the biological characteristic of the
SARS-CoV genome.

1 Materials and Methods
1.1 SARS patient and sample collection

A male patient was hospitalized in Beijing Youan
Hospital on April 29, 2003, a week after the onset of the
respiratory disease. Based on the clinical characteristics
that satisfied the WHO case definitions (http:/www.
who.int/csr/sars/casedefinition/en/), he was diagnosed as
a SARS patient. One stool sample for direct SARS-CoV
genome sequencing was collected on May 23, 2003 (31 d
after onset of the disease), from which SARS-CoV BJ202
genome sequence was completed.

1.2 Viral RNA extraction and RT-PCR method

About 0.2 gram of stool sample was taken into a
1.5 mL tube, and 1 mL of 0.8% NaCl was added. The
tube was vortexed to suspend the stool sample thor-
oughly and then was centrifuged for 3 min at 5 000
r/min. About 140 pL of the supernatant was collected
to extract viral RNA with an RNA extraction kit
(Qiagen). The RNA was dissolved in 100 pL diethyl
pyrocarbonate (DEPC)-treated water containing 1 U
DNase I (Promega). cDNA was synthesized by re-
verse transcription from 10 ul. RNA at 45°C for 50
min in a 20 pL solution containing 50 mmo/L
Tris/HCl (pH 8.3), 75 mmol/L KCl, 3 mmol/L. MgCl,,
10 mmol/L DTT, 100 ng random hexamer primers,
200 U Moloney murine leukemia virus reverse tran-
scriptase (MMLYV, Promega), 25 U RNasin (Promega)
and 0.5 mmol/L dNTPs. According to GZ02 genome
sequence, 75 pairs of PCR primers covering the
whole genome were designed. The primary PCR was
carried out in a 25 pL. mixture containing 2 pL. cDNA,
10 mmol/L. Tris/HCI (pH 8.4), 50 mmol/L. KCl, 2.5
mmol/L. MgCl,, 100 umol/. dNTPs, 1 U Tag DNA
polymerase (Promega), 0.25 pmol/L forward and re-

verse primers, respectively.
1.3 Cloning of PCR products

PCR products containing polymorphic sites were
ligated into the T-vector (Promega). About 20 recom-
binant clones from each ligation were isolated and
sequenced. Only the high quality nucleotides
(Phred/Phrap/Consed, >Q40) at the polymorphic sites
were calculated.

1.4 Sequencing and sequence assembly

The PCR products were used for direct sequencing
analysis on ABI 377 sequencers (Applied Biosystemns) and
MegaBACE 1 000 (Amersham). We used Phred/Phrap/
Consed package version 13.0 for processing all of the raw
sequence data. Base calling was performed by Phred
(http://www.phrap.org). Contaminations from human and
other resources were removed by CrossMatch and the com-
plete sequence was assembled using Phrap (http:/www.
phrap.org). The gaps, as well as the regions with low quality
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data, identified after the preliminary assembly, were comparative analysis were retrieved from NCBI (Ta-
ble 1). All the open reading frames were identified
with ORF Finder (http://www.ncbi.nlm.nih.gov/gOrf/

Gorf.html). Comparative analysis was performed us-

filled in or refined by re-sequencing the PCR products.
1.5 Annotation and comparative genome analysis

115 complete SARS-CoV genome sequences for ing BLAST against the nr (non-redundant) database

Table1 115 SARS-CoV genomes for comparative genomics analysis

Viral strain Accession No. Viral strain Accession No. Viral strain Accession No.
TIF AY654624 TW8 AY502931 CUHK-AGO03 AY345988
WH20 AY772062 TW7 AY502930 CUHK-AG02 AY345987
CFB/SZ/94/03 AY545919 TW6 AY502929 CUHK-AGO1 AY345986
HC/GZ/32/03 AY545918 TWS5 AY502928 CUHK-Sul10 AY282752
HC/GZ/81/03 AY545917 TW4 AY502927 PUMCO03 AY357076
HC/SZ/266/03 AY545916 TW3 AY502926 PUMCO2 AY357075
HC/SZ/DM1/03 AY545915 TW2 AY502925 PUMCO1 AY350750
HC/SZ/79/03 AY545914 TW11 AY502924 GZ50 AY304495
PC4-227 AY613950 TW10 AY502923 SZ16 AY304488
PC4-136 AY613949 TW1 AY291451 SZ3 AY304486
PC4-13 AY613948 GZ02 AY390556 AS AY427439
GZ0402 AY613947 Z5-C AY395003 Sin2774 AY283798
GZ0401 AY568539 LC5 AY395002 HKU-39849 AY278491
GD69 AY313906 LC4 AY395001 GDO1 AY278489
HC/SZ/61/03 AYS515512 LC3 AY395000 TWC3 AY362699
CDC#200301157 AY714217 LC2 AY394999 TWC2 AY362698
Sin3408L AY559097 LC1 AY394998 Sin2748 AY283797
Sin850 AY559096 ZS-A AY394997 Sin2679 AY283796
Sin847 AY559095 ZS-B AY394996 Sin2677 AY283795
Sin846 AY559094 HSZ-Cc AY394995 Sin2500 AY283794
Sin845 AYS559093 HSZ-Bc AY394994 Urbani AY278741
SinP5 AY559092 HGZ8L2 AY394993 MY 1 AY351680
SinP4 AY559091 HZS2-C AY394992 TWY AP006561
SinP3 AYS559090 HZS2-Fc AY394991 TWS AP006560
SinP2 AYS559089 HZS2-E AY394990 TWK AP006559
SinP1 AYS559088 HZS2-D AY394989 T™WI] AP006558
Sin3725V AY559087 HZS2-Fb AY394987 TWH AP006557
Sin849 AY559086 HSZ-Cb AY394986 CUHK-W1 AY278554
Sin848 AY559085 HSZ-Bb AY394985 Taiwan TC3 AY348314
Sin3765V AY559084 HSZ2-A AY394983 Taiwan TC2 AY338175
Sin3408 AY559083 GZ-C AY394979 Taiwan TC1 AY338174
Sin852 AYS559082 GZ-B AY394978 TWC AY321118
Sin842 AY559081 NS-1 AY508724 BI04 AY279354
L1LJ-2004 AY595412 ShanghaiQXC1 AY463059 BJO3 AY278490
WHU AY394850 ShanghaiQXC2 AY463060 BJO2 AY278487
TOR2 AY274119 FRA AY310120 ZJo1 AY297028
HSR 1 AY323977 SoD AY461660 BJO1 AY278488
Frankfurt 1 AY291315 Sino3-11 AY485278
TW9 AY502932 Sinol-11 AY485277
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(http://www.ncbi.nlm.nih.gov/blast/) for nucleic acid
and protein sequences, and the multiple sequence align-
ment was deployed using Clustal W 1.8 (ftp:/ftp-igbmc.u-
strasbg.fr/pub/ClustalW). TreeView (Win32) version 1.66
and MEGA 2.0 were used to draw the phylogenetic tree.

2 Results
2.1 Characteristics of the BJ202 genome

The complete genome sequence of BJ202 was 29 751
bp in length. Compared with the genome sequence of
GZ02, it had a deletion of 29 bp comresponding to the re-
gion of 27 884-27 912 bp (Orf10-11) in the GZ02 genome.
Except for the polyA region of the 3’ end, no other dele-
tions or insertions were identified in the BJ202 genome.

Comparative analysis between BJ202 and GZ02

Table2 Sequence comparisons between BJ202 and GZ02

genomes revealed 41 polymorphic sites between them. A
total of 38 variations could be found in other published
SARS-CoV genomes, of which one polymorphic site (at
position 26 428, G-A) was only found in TIF and
Sin2500. The remaining 37 sites could be found in three
or more SARS-CoV genomes. There were three unique
variations in the BJ202 genome (at positions 13 804, T-C,
15 031, C-T and 20 792, T-A, Table 2). It is interesting to
find a unique polymorphic site 15 031 in BJ202 in a re-
gion with the lowest mutation frequency (Fig.1).

2.2 The distribution of polymorphic sites in 116
SARS-CoV genomes

We aligned 116 complete genome sequences of
SARS-CoV (including BJ202 ) to analyze their sin-
gle nucleotide polymorphism (SNPs). There were

Posiionin ~ GZ02 BJ202 AA Position ~ ORF Positionin  GZ02 BJ202 AA Position ORF
genome change in ORF genome change in ORF
508 T G Cys-Gly {82} Orfla 20840 A G s® {2481}  Orflb
1206 C T s# {314} Orfla 20992 A G Lys-Arg {2532} Orflb
3326 C T Ala-Val {1021}  Orfla 21479 T C S® {2694}  Orflb
3626 C T Thr-Ile {1121}  Orfla 22145 C T S® {218}  OrfS
4220 G A Arg-Lys {1319}  Orfla 22207 T C Leu-Ser {239}  OrfS
5251 A C le-Leu {1663}  Orfla 22422 A G Arg-Gly {311}  OrfS
6612 T G Phe-Leu {2116}  Orfla 22517 G A s® {342}  OrfS
6929 A G Tyr-Cys {2222}  Orfla 22522 G A Arg-Lys {344}  OrfS
8502 G T Trp-Cys {2746}  Orfla 23823 G T Asp-Tyr {778}  OrfS
8559 C T S? {2765}  Orfla 24566 C T Ch {1025} OrfS
8815 T C s? {2851}  Orfla 24978 G A Glu-Lys {1163}  OrfS
8946 A T S? {2894}  Orfla 25779 C A Ala-Glu, {171}, Orf3,
9095 T C He-Thr {2944}  Orfla Gln-Lys {31} Orf4
9176 C T Ala-Val {2971}  Orfla 25844 T A Trp-Arg, {193}, Orf3,
9479 C T Ala-Val {3072}  Orfla s* {52} Orf4
9854 C T Ala-Val {3197}  Orfla 26032 A T sS4 {255}, Orf3,
10029 A G s* {3255}  Orfla Gln-Leu {115}  Orf4
13804° T C le-Th {136 Orfib 26428 G A Glu-Lys {11} OrfM
15031° C T Ala-Val {545} Orf1b 26586 C T S {63} OrftM
17131 C T Ser-Leu {1245}  Orflb 27243 C T Pro-Leu {57} Orf7
19838 A G s® {2147}  Orflb 28118 T C Phe-Leu {114}  Orf10-11
20792° T A S® {2465}  Orflb 29276 A G S {376}  OrfN

? Synonymous mutations;

® Unique variations in BJ202 genomes.
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Fig. 1 Distribution of polymorphic sites over the SARS-CoV genome

278 recurrent polymorphic sites are illustrated in columns in the upper part of the diagram (The diagram was drawn with 400 bp

windows and 200 bp intervals). Red triangles show the unique polymorphic sites and 41 short lines above the red triangles repre-

sent 41 polymorphic sites in the BJ202 genome.

278 polymorphic sites present in at least two ge-
nome sequences, and 170 sites present in at least three
genome sequences. Nearly half of the variations
(50.4%, 140/278) were located in the last one third of
the genome (19.0-29.7 kb). The genomic region of
27.7-28.3 kb, which encodes Orf10-11, had the highest
mutation frequency, where about 2.0% (0.6/29.7 kb) of
the genome clustered 6.1% (17/278) of the polymor-
phic sites. The average mutation rate in this region was
up to 28.3 per kb (17/0.6 kb), more than 3 times of that
of the whole genome (278/29.7 kb, or 9.4 polymorphic
sites per kb). The 25.2-26.8 kb region which encodes
Orf3/4, E protein and M protein had the second highest
mutation frequency in that about 5.4% (1.6/29.7 kb) of
the sequence contained 12.2% (34/278) of the poly-
morphic sites. The average mutation rate in this region
was up to 21.3 per kb (34/1.6 kb), more than 2 times
that of the whole genome. The 21.9-23.9 kb region,
which falls into OrfS, had the third highest mutation
frequency, in which 39 polymorphic sites were found
in the nearly 2 kb stretch of genomic sequence (19.5
SNPs in 1 kb). The other two thirds of the SARS-CoV
genomic sequence had a lower density of polymor-
phic sites except for the 6.9-9.9 kb region within
Orfla, which contained 32 polymorphic sites in the 3
kb sequence (or 10.6 polymorphic sites per kb). The
region of 14.4-17.3 kb had the lowest mutation fre-
quency of the whole genome. Only 6 polymorphic
sites were scattered over nearly 3 kb of this part of
the genome (Fig. 1).

2. 3 Nucleotide composition of the polymorphic
sites in BJ202 genome

We cloned 15 PCR products (about 6.0 kb of the
genome) including 11 fragments containing 12 known
polymorphic sites and 4 fragments without identified
polymorphic sites. Results showed that all 3 unique po-
lymorphic sites of BJ202 (positions 13 804, 15 031 and
20 792) contained 2 kinds of nucleotides. Polymorphic
sites 26 428, 26 477 and 27 243 also contained mixed
nucleotides. It is interesting to find that position 18379
which has not been identified to be polymorphic in any
of the other 115 published SARS-CoV genomes is a
polymorphic site. The nucleotide composition of this
site is A (8) to G (6) (Table 3).

2.4 Deletions and insertions

Among 116 SARS-CoV genomes, 18 types of dele-
tions and 2 insertions were identified. Most of them were
related to a 300 bp region (27 70028 000 bp of the ge-
nome) which encoded part of the putative ORF9 and
ORF10-11. Eighty-six genomes had the 29 bp deletion.
10 genomes had 2 deletions and one genome (GZ-C) had
deletions of 3 fragments (D12, D14 and D18). Seventeen
genomes (including GZ0401, GZ0402, HC/SZ/79/03,
HSZ-Be, SZ16, HC/SZ/266/ 03, HC/SZ/61/03,
CFB/SZ/94/03, HC/SZ/DM1/03, HSZ-Cb, HSZ-Cc,
GDO01, HC/GZ/32/03, GZ02, SZ3, PC4-136 and PC4-13)
were free of any deletion. They mainly constituted ge-
nomes of SARS-CoV isolated from early phase clinical
samples or from animals (Table 4)



SHANG Lei et al.: Polymorphism of SARS-CoV Genomes 359

Table 3 Nucleotide composition of some polymerphic sites in BJ202 genome

Position Nucleotide Polymorphic Dominant nucleotide ~ Polymorphism of Polymorphism of
in GZ02 nucleotide in BJ202 genomes * clones”
9404 C T C 33-83 16-0
9854 C T T 105-11 0-16
13804 ° T C C 115-1 7-15
15031° C T T 115-1 6-7
17564 G T G 42-74 13-0
18379¢ A G A 116-0 8-6
19838 A G G 105-11 0-12
20792°¢ T A A 115-1 2-10
25298 G A G 113-3 12-0
26428 G A A 113-3 16-20
26477 T G T 88-28 9-7
27243 C T T 106-10 1-20
27827 C T C 45-71 13-0

# Number of genomes with the same nucleotides as GZ02 to number of genomes with the polymorphic nucleotides;

® Number of clones with the same nucleotide as GZ02 to the number of clones with the polymorphic nucleotide;

¢ Unique polymorphic sites in BJ202 genome;

4Not identified as polymorphic in any of the other 115 SARS-CoV genomes, but polymorphic in the genome of BJ202. The nu-
cleotide ratio of Ato G is 8 to 6.

Table 4 Deletions and insertions in 116 SARS-CoV genomes

Types * Length (bp) Start position End position ORF Genome
D01 578 5914 6491 ORFla SHANGHAIQXC2
D02 2 27067 27068 TWI®
D03 2 27167 27168 ORF7 TWI®
D04 277 27411 27687 ORF9 WH20
D05 137 27677 27813 ORF9,0RF10-11 SIN846
D06 49 27761 27809 ORF9,0RF10-11 SIN849
D07 6 27782 27787 ORF10-11 SIN2677
D08 57 27798 27854 ORF10-11 SIN852
D09 5 27810 27814 ORF10-11 SIN2748
D10 2 27808 27809 ORF10-11 TWC, WHU
D11 415 27719 28133 ORF9,0RF10-11  LC2", LC3° LC4% LC5°
D12 39 27771 27809 ORF10-11 GZ-C*, GZ-B
D13 82 27858 27939 ORF10-11 ZS-A® 7S-B® ZS-C*
D14 29 27884 27912 ORF10-11 86 viral strains
D15 31 27883 27913 ORF10-11 Sino3-11°, PUMCO02 °
Di6 32 27882 27913 ORF10-11 GZ-C*©
D17 2 27912 27913 ORF10-11 HC/GZ/81/03, PC4-227 °
D18 12 28162 28173 ORFN GZ-C*©
101 ¢ 10 20373 20374 ORFIb GD69
102 ¢ 6 27658 27659 ORF9 LLI2004

?D1-D18 are deletions and 101-102 are insertions;

Y SARS-CoV genomes with 2 kinds of deletions. TWJ has not the 29 bp (D14) deletion and the rest have the 29 bp deletion (D14);
¢ GZ-C genome with 3 deletions;

101 is inserted between 20 373 and 20 374 in GD69 genome and 102 is inserted between 27 658 and 27 659 in LLJ2004 genome.
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2.5 Phylogeny

A phylogenetic tree based on the divergence of
whole genome from BJ202 and the other 115 completed
SARS-CoVs places BJ202 closest to BJO1 (Fig.2).

3 Discussion

To date, complete genomic sequences of 115
SARS-CoVs are available in NCBI GenBank, which
provides a foundation for a better understanding of the
polymorphism and molecular evolution of SARS-CoV.

As a member of RNA viruses, the genome of
SARS-CoV has a higher mutation rate than DNA vi-
ruses''. Using GZ02 genome as the reference, nearly
685 (N/M/W/R/Y and SNPs located in 100 bp region of
the 5" and 3’ end not included) polymorphic sites have
been identified in all 116 completed SARS-CoV ge-
nomes, among which 278 polymorphic sites are present
in at least two genomes. The density of the polymorphic
sites is up to 9.4 per kb (278/29.7 kb) of the genome.

The skewed distribution of the polymorphic sites
over the genome is another characteristic of the
SARS-CoV genome. More than half of the variations
(50.4%, 140/278) have been identified in the last one
third of the genome (19-29 kb). The region encoding
Orf10-11, Orf3/4, E, M and S protein are more vari-
able than other parts of the genome. About 32.4%
(90/278) of all the polymorphic sites are clustered in
about 14.1% (4.2/29.7 kb) of the genome.

Forty-one polymorphic sites have been identified
in BJ202 genome. Similar to the polymorphic sites
identified in other 115 SARS-CoV genomes, they are
not evenly distributed over the whole genome. Four
regions (8.5-10.1, 19.8-21.0, 22.1-22.6 and 25.7-26.6
kb) which cover only 14.1% (4.2/29.7 kb) of the whole
genome take up 56.1% of all the polymorphic sites
(23/41; 9, 4, 5 and 5 polymorphic sites in each respec-
tive region). These regions encode parts of Orfla
(26513 398 bp), Orflb (13 398-21 485 bp), S protein
(21 492-25 259 bp), Orf3/0Orfd (25 268-26 153) and
M protein (26 398-27 063), respectively.

In contrast, other regions of the SARS-CoV ge-
nome are highly conserved 12 The 14.4-17.3 kb re-

gion has the lowest mutation frequency. Only 6 po-
lymorphic sites scatter over this part of the genome
which is nearly 3 kb long. This region, within Orf1b,
encodes part of the RdRp (NSP9, 13379-16147) and
HEL (NSP10, 16148-17950). NSP9 is a non-structural
protein and has RNA-dependent RNA polymerase
activity 1",

To verify the polymorphic sites in BJ202, we
sequenced some cloned PCR products. It is interest-
ing to find that 3 unique polymorphic sites (positions
13 804, 15 031 and 20 792) in the BJ202 genome
were all composed of 2 different nucleotides. Posi-
tions 26428, 26477 and 27243, which were not
unique polymorphic sites to BJ202 genome, were also
composed of mixed nucleotides. Position 18379 was
actually polymorphic, although it had not been discov-
ered as such in any of the other SARS-CoV genomes.
Among 14 clones sequenced, 8 were nucleotide A and
6 were nucleotide G at this position. The results veri-
fies the polymorphic nature of the SARS-CoV genome
as previously reponed“‘”. It also wamns us that when
we directly sequence the PCR products, we may fail to
identify many polymorphic sites.

Mapping the deletions and insertions in
SARS-CoV genome has been used to analyze geno-
type groups and the molecular evolution of
SARS-CoV ™ To date, there have been about 18
kinds of deletions and 2 insertions ranging from 2 to
578 bp in length identified in the 116 SARS-CoV
genomes including BJ202. The deletions are located
in Orf9, Orfla, Orf7, OrfN and mostly in the region
encoding Orf10-11. As discussed above, the region
encoding Orf10-11 also has the highest frequency of
sequence variations. Of the two insertions, one (10 bp)
is in Orflb of GD69 genome and the other (6 bp) in
Orf9 of the LLJ2004 genome. Only ecarly phase
clinical SARS-CoVs (such as GDO1 and GZ02 etc.)
and animal origin SARS-CoVs (SZ3 and SZ16 etc.)
are free of deletion "), It might mean that Orf10-11 is
related to host range or tissue tropism of SARS-CoV
against animals and is not a contributing factor in the
infection against human beings.

Most SARS-CoV genomic sequences in the
NCBI GenBank were from viral isolates of Vero E6 cell
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culture 7 '®_ Only a few of them were directly from
5. 171, Although it was reported that
the in vitro mutation rate of the SARS-CoV in Vero
cell passage was negligible!"®), there might be differ-

clinical samples

ence between the genomic sequences obtained di-
rectly from clinical samples and from isolates of the
cell culture. As we know from this work, when
SARS-CoVs of different genotypes were mixed in the
same sample, only the dominant genotypes would be
identified by the strategy of sequencing the RT-PCR
products. Moreover, when the clinical sample is sub-
Jjected to cell culture, viruses with different genotypes
duplicate at different rates. Those with dominant
genotypes in the sample might not be the prominently
duplicated ones and would be diluted by their coun-
terparts during the cell culture. Consequently, it is
difficult to effectively identify the polymorphic sites
induced in vivo by sequencing the RT-PCR products
of the cell culture isolates.

As a member of the RNA viruses, SARS-CoV
has a higher mutation rate than DNA viruses. How-
ever, most genomic sequences of SARS-CoV avail-
able in the NCBI GenBank were derived from viral
isolates of cell cultures, which might cause some
problems when we analyze the sequence variations of
SARS-CoV, because sequence from the cell culture
isolates might be different from the direct clinical
sample. In this work, we completed the sequencing of
SARS-CoV genome directly from the stool sample
and analyzed the polymorphism of the SARS-CoV
genome. All these would provide valuable experi-
mental data for further research in the mechanism of
SARS-CoV mutation.
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SARS mEEREN S S

BOEY, F®Y, AR B & RER BUAS R
1. WHT RS IRARSE R AR T, HM 310008;

2. EINESBAEYE 5 SV, BN 325000;

3. BRI R2ERUEYIR ST, BUM 310029

W . X SARS B AISMAA B BN, B3] SRAS-CoV BI202 RFHFH(AY864806). N F LbEFER B W7 5 %5
GenBank H AT [ 115 ¥k SARS-CoV R4 F# LA BI202 BEAT 47, UL GZ02 305, KW 2 MUl EEFEA T R
HUEBBE 27 (SNPY {7 A3k 278 . 547 B4 SARS-CoV BHA h B IRE DA, KA £1(50.4%, 140/278)
RAACHEEA 3K 1/3 K. HE Orf10-11. Orf3/4. EF/RA. MEAM S BEARBMRLTRE /. RRIFNFEH BI202
FEI 12 M E AR 11D cDNA LUK 4 PAREEME SN SN cDNA B (15 MR BB KER 6.0 kb), SRER:
BJ202 #5113 NEBALA (13804, 15031 A120792) LUK SIS 3 MEARIA (26 428, 26 477 F1 27 243) BRHPIAIA
R £7,418 379 BRAET AT 115 ¥k SARS-CoV BHRAM PR KA, LiE LBRESIA. 4P REDH 8
TS SN A, 6 DR G, A EF 116 4> SARS-CoV K4 357 18 PRk R KA 2 P A LA, KIS GRA KA
#3484 ORF9 1 ORF10-11 [X 3% LR 4H K631 27 700-28 000 bp &b ). LL4Rf 4% (Neighbor-Joining) #E T 116 #k SARS-CoV
ALK EW, BI202 5 BIO1 #1 LLI-2004 %5 SARS-CoV FIZE& R RBIRI .

KA. SARS KRR EEMA; 254

EFERMN: FE (19799 , B, WTEMA, BIEEFFLA, BMim. FMERY
Fie (1978~ , &, WAKRBRA, Sid, L. RARKSEEE



