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Abstract: It has been observed by conducting an extensive analysis of the two-dimensional cellular automata images of
known SARS-CoV genome sequences that the V-shaped cross-lines only exist in some special locations, and hence can be
used as a fingerprint to identify the SARS sequences. Such a discovery can be used to rapidly and reliably diagnose SARS
coronavirus for both basic research in laboratories and practical application in clinics.
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I. INTRODUCTION

A previously unrecognized coronavirus, called SARS-
coronavirus (SARS-CoV), is the leading hypothesis for the
cause of SARS. Inhibiting the replication of SARS-CoV is a
promising avenue to find drugs against SARS [1][2][3][4].
The coronaviruses are members of a family of enveloped
viruses that replicate in the cytoplasm of animal host cell.
The sequence of entire genome of SARS-CoV can be
obtained from the isolates in the worldwide laboratories.
These nucleotide sequences vary at only a few positions. The
SARS virus contains 11 predicted open reading frames that
encode 23 putative mature proteins with known and
unknown functions. Most of the non-structural proteins seem
to be encoded in the first half of the genome including nspl,
nsp2 and nsp9 RNA-dependent RNA polymerase, whereas
most of the structural proteins such as spike, membrane,
envelop, and nucleocapsid are located in the second half of
the genome. Sequence conservation seems to be restricted to
the middle part of the genome, between bases 14,000 and
21,000, where the RNA-dependence polymerase and several
uncharacterized proteins are located. The haemagglutinin
esterase, which is common in the coronavirus genome, is
missing in the SARS-CoV, suggesting that some of the non-
structural genes are dispensable in coronavirus. The mutations
were in the following open reading frames: orfla polyprotein,
orfla RNA-polymerase, orflab, spike glycoprotein, mem-
brane nucleocapsid, and several uncharacterized putative
proteins [5]. It can be found that SARS-CoV genome has the
same frame of the structural proteins with other
coronaviruses, because almost all the structural proteins
existing in previously known coronavirus have been
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identified in SARS-CoV in the same order [6]. So, on the
basis of comparative genomics, the homology search,
phylogenetic analysis, and multi-sequence alignment were
used to provide clues for studying the functions and
characteristic of the structure of SARS proteins [7].

Coronaviruses typically have narrow host ranges and are
fastidious in cell culture. There are three groups of
coronaviruses: groupl and group2 contain mammalian
viruses, whereas group3 contains only avian viruses. Within
each group coronaviruses are classified into distinct species
by host range, antigenic relationships, and genomic organiz-
ation. However, phylogenetic analyses of the predicted viral
proteins indicated that SARS-CoVs did not closely resemble
any of the three previously known groups of coronaviruses,
but formed a distinct group within the genus coronavirus. No
evidence for recombination was detected between SARS-
CoV and other coronaviruses, so the SARS-CoV can be
considered as “group4” coronavirus [8,9].

After the SARS CoV is etiologically linked to the
outbreak of SARS, several diagnostic assay methods have
been established. The standard method of SARS checkup is
the virus culture. However, owing to the rigor culture
conditions, isolating SARS-CoVs is suitable only for some
special laboratories and false negative consequences might
occur. Since the initial completion of the SARS genome
sequence, a few RT-PCR protocols have been developed
from several independent laboratories. Although the PCR
technique can rapidly detect the SARS-CoV RNA in
samples, it requires the inclusion of both negative and
positive controls, and hence a clinical oriented PCR
diagnostic assay with high efficiency and reliability is not
yet available. The ELISA and IFA methods on detecting
SARS-CoV have the characteristics of convenience,
rapidness, and trustiness, but they can not be used in forepart
diagnosis of SARS: specific antibody can only be checked
after 10 days with infection [10]. Therefore, the cases of
SARS were so far mainly detected by the patient’s clinic

© 2005 Bentham Science Publishers Ltd.



40 Medicinal Chemistry, 2005, Vol. 1, No. 1

symptoms, microscopy, histochemical assay, chest X-ray
assay and CT check-up, contact history with pathogen et al.

In this paper, the nucleotide-composition based
fingerprint of SARS-CoV is discovered with the cellular
automata (CA) method [11,12].

Il. THE FINGERPRINT OF SARS-COV

Analyzing the available 96 SARS-CoVs and other 25
coronaviruses (Tables 1, 2) (all downloaded from GenBank:
http://www.ncbi.nlm.nih.gov) with our method that will be
introduced in the following section, the characteristic of
SARS-CoV is discovered. From about 3040 to 5439nt in the
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SARS-CoV sequence near 5-terminal [13,14] where the V-
shaped cross-lines appear (Fig. 1), the occurrence numbers
of repeated character ‘A’ (i.e., ‘AA’, ‘AAA’, ‘AAAA’) are
obviously larger than those of repeated character ‘T’ (i.e.,
“TT’, “TTT’, “TTTT’) as shown in Table 1. However, for the
25non-SARS-CoVs, almost all the corresponding occurrence
numbers of ‘AA’, ‘AAA’, ‘AAAA’ are less than those of ‘“TT,
“TTT’, “TTTT’ in the same region (Table 2) as reflected by
the feature of many parallel slash-lines (Fig. 2). Thus, such a
unique feature of V-shaped cross-lines can be used to define
the fingerprint of SARS-CoVs, in contrast to non-SARS-
CoVs. To illustrate their differences, the ratios of different

Table 1. The Statistical Results of SARS-CoVs for the Repeated Character ‘A’, ‘“T’, ‘G’, ‘C’. Here 2n Denotes ‘AA’,3n Denotes
‘AAA’, and so on.

Name A T G c
2n 3n 4n 5n 2n 3n 4n 5n 2n 3n 4n 5n 2n 3n 4n 5n
bjo1 162 48 13 3 153 37 6 0 96 7 0 0 68 7 1 0
bj02 167 49 12 3 152 37 6 0 99 5 0 0 69 8 1 0
bjo3 162 47 13 3 154 37 6 0 97 7 0 0 69 8 1 0
bjo4 163 48 13 3 154 37 6 0 97 7 0 0 68 7 1 0
gz01 162 48 13 3 152 36 5 0 96 7 0 0 69 7 1 0
zjo1 162 48 13 3 157 38 7 0 93 7 0 0 68 7 1 0
hku39849 162 48 13 3 157 38 7 0 93 7 0 0 69 7 1 0
cuhkw1l 162 48 13 3 157 38 7 0 93 7 0 0 68 7 1 0
cuhksu10 162 48 13 3 157 38 7 0 93 7 0 0 68 7 1 0
sin2500 161 48 13 3 157 38 7 0 93 7 0 0 70 7 1 0
sin2677 162 48 13 3 157 38 7 0 93 7 0 0 68 7 1 0
sin2679 164 48 13 3 155 37 6 0 97 7 0 0 68 7 1 0
sin2748 162 48 13 3 155 38 6 0 94 7 0 0 68 7 1 0
sin2774 162 48 13 3 157 38 7 0 93 7 0 0 68 7 1 0
twl 162 48 13 3 155 38 6 0 94 7 0 0 68 7 1 0
urbani 162 48 13 3 157 38 7 0 93 7 0 0 68 7 1 0
tor2 162 48 13 3 155 38 6 0 94 7 0 0 68 7 1 0
gz50 166 49 12 3 152 37 6 0 99 5 0 0 69 8 1 0
sz16 166 49 12 3 151 37 6 0 99 5 0 0 69 8 1 0
sz3 166 49 12 3 151 37 6 0 99 5 0 0 69 8 1 0
fra 166 49 12 3 152 37 6 0 99 5 0 0 69 8 1 0
gdo1 166 49 12 3 151 36 5 0 101 5 0 0 69 8 1 0
twe 166 49 12 3 152 37 6 0 99 5 0 0 69 8 1 0
twc2 166 49 12 3 152 37 6 0 99 5 0 0 70 8 1 0
twe3 166 49 12 3 152 37 6 0 99 5 0 0 70 8 1 0
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(Table 1. Contd....)

Name A T G c
2n 3n 4n 5n 2n 3n 4n 5n 2n 3n 4n 5n 2n 3n 4n 5n
zmyl 165 48 12 3 152 37 6 0 100 8 0 0 70 8 1 1
twy 166 49 12 3 152 37 6 0 99 5 0 0 70 8 1 0
tws 166 49 12 3 152 37 6 0 99 5 0 0 70 8 1 0
twk 165 49 12 3 153 38 7 0 99 5 0 0 71 9 1 0
twj 166 49 12 3 152 37 6 0 100 5 0 0 69 8 1 0
twh 165 49 12 3 153 38 7 0 99 5 0 0 71 9 1 0
tc3 166 49 12 3 152 37 6 0 99 5 0 0 71 8 1 0
tc2 166 49 12 3 152 37 6 0 99 5 0 0 71 8 1 0
tcl 166 49 12 3 152 37 6 0 99 5 0 0 71 8 1 0
hsrl 166 49 12 3 152 37 6 0 99 5 0 0 69 8 1 0
frankfurtl 166 49 12 3 152 37 6 0 99 5 0 0 69 8 1 0
as 165 50 12 3 153 37 6 0 99 5 0 0 68 8 1 0
cuhk-ag01 165 50 12 3 153 37 6 0 99 5 0 0 69 8 1 0
cuhk-ag02 165 50 12 3 153 37 6 0 99 5 0 0 69 8 1 0
cuhk-ag03 165 50 12 3 153 37 6 0 99 5 0 0 69 8 1 0
gd69 166 49 12 3 152 37 6 0 100 5 0 0 69 8 1 0
pumc01 166 50 12 3 152 37 6 0 99 5 0 0 68 8 1 0
pumc02 166 50 12 3 153 37 6 0 99 5 0 0 68 8 1 0
pumc03 166 50 12 3 153 37 6 0 99 5 0 0 68 8 1 0
sinol-11 166 49 12 3 152 37 6 0 99 5 0 0 69 8 1 0
sino3-11 166 49 12 3 152 37 6 0 99 5 0 0 69 8 1 0
sod 165 50 12 3 153 37 6 0 99 5 0 0 68 8 1 0
gz02 162 48 12 3 154 38 8 0 99 5 0 0 72 9 1 0
zs-C 166 49 12 3 152 37 6 0 100 5 0 0 69 8 1 0
Ic5 166 49 12 3 152 37 6 0 100 5 0 0 68 8 1 0
Ic4 164 48 12 3 154 38 7 0 99 5 0 0 71 9 1 0
Ic3 165 49 12 3 152 37 6 0 99 5 0 0 70 9 1 0
Ic2 164 50 12 3 153 37 6 0 100 5 0 0 68 8 1 0
Icl 166 50 12 3 153 37 6 0 99 5 0 0 68 8 1 0
zs-a 165 50 12 3 153 37 6 0 99 5 0 0 69 8 1 0
zs-b 165 49 12 3 152 38 6 0 99 5 0 0 71 9 1 0
hsz-cc 165 49 12 3 153 37 6 0 99 5 0 0 70 9 1 0
hsz-bc 167 51 13 3 154 37 6 0 99 5 0 0 68 8 1 0
hgz812 167 51 13 3 153 37 6 0 99 5 0 0 68 8 1 0
hzs2-c 165 48 12 3 154 38 7 0 98 5 0 0 71 9 1 0
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Name
2n 3n 4n 5n 2n 3n 4n 5n 2n 3n 4n 5n 2n 3n 4n 5n
hzs2-fc 166 50 12 3 153 37 6 0 99 5 0 0 68 8 1 0
hzs2-e 167 51 13 3 154 37 6 0 98 5 0 0 69 8 1 0
hzs2-d 165 49 12 3 153 38 7 0 99 5 0 0 71 9 1 0
hzs2-fb 165 49 12 3 152 38 6 0 99 5 0 0 70 9 1 0
hsz-cb 166 49 12 3 153 37 6 0 100 5 0 0 68 8 1 0
hsz-bb 166 49 12 3 153 37 6 0 100 5 0 0 68 8 1 0
LLJ-2004 166 49 12 3 152 37 6 0 100 5 0 0 68 8 1 0
Sin842 165 49 12 3 153 38 6 0 99 5 0 0 70 9 1 0
Sin845 165 49 12 3 152 37 6 0 99 5 0 0 70 9 1 0
Sin846 165 49 12 3 152 37 6 0 99 5 0 0 70 9 1 0
Sin847 165 49 12 3 152 38 7 0 99 5 0 0 71 9 1 0
Sin848 165 49 12 3 152 37 6 0 99 5 0 0 70 9 1 0
Sin849 165 49 12 3 152 37 6 0 99 5 0 0 70 9 1 0
Sin850 165 49 12 3 153 38 7 0 99 5 0 0 71 9 1 0
Sin852 164 48 12 3 154 38 7 0 99 5 0 0 71 9 1 0
Sin3408 165 49 13 3 155 38 8 0 99 5 0 0 70 8 1 0
Sin3408L 165 49 12 3 154 37 6 0 99 5 0 0 70 9 1 0
Sin3725V 166 49 12 3 152 37 6 0 99 5 0 0 70 8 1 0
Sin3765V 165 49 12 3 152 37 6 0 99 5 0 0 70 9 1 0
SinP1 165 49 12 3 152 37 6 0 99 5 0 0 70 9 1 0
SinP2 165 49 12 3 152 37 6 0 99 5 0 0 70 9 1 0
SinP3 165 49 12 3 152 37 6 0 99 5 0 0 70 9 1 0
SinP4 165 49 12 3 152 37 6 0 99 5 0 0 70 9 1 0
SinP5 165 49 12 3 152 37 6 0 99 5 0 0 70 9 1 0
TIF 164 48 12 3 154 38 7 0 99 5 0 0 71 9 1 0
TW2 164 48 12 3 154 38 7 0 100 5 0 0 71 9 1 0
TW3 164 48 12 3 154 38 7 0 100 5 0 0 71 9 1 0
TW4 164 48 12 3 154 38 7 0 100 5 0 0 71 9 1 0
TW5 164 48 12 3 154 38 7 0 99 5 0 0 71 9 1 0
TW6 164 48 12 3 154 38 7 0 99 5 0 0 72 9 1 0
TW7 164 48 12 3 154 38 7 0 99 5 0 0 72 9 1 0
TW8 164 48 12 3 154 38 7 0 99 5 0 0 72 9 1 0
TW9 164 48 12 3 154 38 7 0 99 5 0 0 72 9 1 0
TW10 164 48 12 3 154 38 7 0 99 5 0 0 72 9 1 0
TW11 163 48 12 3 154 38 7 0 99 5 0 0 72 9 1 0
WHU 165 48 12 3 153 38 7 0 99 5 0 0 71 9 1 0
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Table 2. The Statistical Results of non-SARS-CoVs for the Repeated Character ‘A’, ‘T’, ‘G’, ‘C’. Here 2n Denotes ‘AA’, 3n
Denotes ‘AAA’, and so on.
Name A T G ¢

2n 3n 4n 5n 2n 3n 4n 5n 2n 3n 4n 5n 2n 3n 4n 5n

AF029248_murine4 138 38 7 3 180 58 20 5 117 19 2 0 62 10 1 0
AF029248_Murine 138 38 7 3 180 58 20 5 117 19 2 0 62 10 1 0
AF201929_ Murine 130 35 4 1 192 65 25 5 116 16 1 0 63 12 0 0
AF207902_murine2 131 35 4 1 192 65 25 5 116 16 1 0 63 12 0 0
AF208066_Murine 133 35 5 2 195 64 25 6 116 15 1 0 63 12 0 0
AF208067_murinel 138 38 7 3 177 57 19 5 119 19 2 0 62 10 1 0
AF250295_bovinel 153 51 4 1 246 77 33 5 95 10 3 2 38 7 0 0
AF304460_259E 185 54 16 5 250 68 21 6 77 10 0 0 48 5 0 0
AF353511_porcinel 131 34 7 3 212 52 25 6 113 11 1 0 79 8 0 0
AF391541_ Bovine 153 52 4 1 238 77 30 5 91 9 1 1 39 6 0 0
AF391542_ Bovine 154 52 5 1 240 77 30 5 92 9 1 1 39 6 0 0
AJ311317_avainl 193 57 15 2 207 52 24 6 84 14 3 0 55 5 2 0
AY319651_ Avian 182 54 17 6 210 54 16 2 86 11 3 0 62 6 1 0
AY391777_HCoV 154 47 5 1 250 79 32 6 90 9 1 1 39 6 1 0
AY514485_Avian 182 54 14 3 198 48 23 7 85 12 2 0 53 7 0 0
AY700211_Murine 138 38 7 3 180 58 20 5 117 19 2 0 63 10 1 0
D13096_avain 193 57 15 2 207 52 24 6 84 14 3 0 55 5 2 0
NC_001451_ Avian 193 57 15 2 207 52 24 6 84 14 3 0 55 5 2 0
NC_001846_murine 138 38 7 3 180 58 20 5 117 19 2 0 62 10 1 0
NC_002645_259E 185 54 16 5 250 68 21 6 77 10 0 0 48 5 0 0
NC_003045_ Bovine 153 52 4 1 238 77 30 5 91 9 1 1 39 6 0 0
NC_003436_porcine 131 34 7 3 212 52 25 6 113 11 1 0 79 8 0 0
NC_005147_HCoV 154 47 5 1 250 79 32 6 90 9 1 1 39 6 1 0
NC_005831_NL63 170 52 19 8 299 85 42 10 79 10 0 0 39 3 0 0
U00735_bovine 154 51 4 1 246 78 32 5 94 11 3 2 39 6 1 0

repeated characters ‘T’ and ‘A’ in the given region (from
3040 to 5439nt near 5-terminal ) are drawn in Fig. 3a. It is
clear that the ratios of SARS-CoVs are all lower than 1,
whereas those of non-SARS-CoVs are larger than 1. The
average ratios of all the SARS-CoVs and non-SARS-CoVs
in the given region are shown in Fig. 3b.

1. METHOD

The BLAST and FASTA are often used for the sequence
alignment. The program CLUSTALW can produce a
distance-based evolutionary tree as a multiple sequence

alignment. All these methods are based on the similarity
measurement of sequences that have strong co-genetic
relations. However, they can not tell us what the
characteristic of SARS-CoV is on earth. Since CA [11,12]
(see Box 1) is renowned with the power in treating complex
systems with simple rules, it is employed to visualize the
aforementioned 96 SARS-CoVs and 25 non-SARS-
coronaviruses. In the current approach, we use ‘0-1’ with
length about 60kb for the initial line of the sequence, while
the corresponding initial line in CA [11] is a black-white dot.
In other words, a nucleotide sequence is coded as follows:
A=00, T=11, G=10, and C=01.
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Fig. (1). Sample image obtained by applying the modified Rule 184 on SARS coronavirus: Tor2. All 96 SARS images are with a V-shaped

cross-lines pattern, a token for SARS coronaviruses.

" AF208066_Murine

Fig. (2). Sample images obtained by applying the modified Rule 184 on the non-SARS coronavirus: AF208066_Murine. All 25 non-SARS
images are with a parallel slash-lines pattern, a remarkable distinction with the SARS coronal viruses.

Different rules have been applied to analyze the afore-
mentioned 96+25=121 coronaviruses. But only when the
Rule 184 (see Box 2) is used, are the images of SARS-CoVs
different from those of other coronaviruses most distinctively.

Using Rule 184, we ran 2,400 times and finally got a
binary image with the size of about 60Kbx2.4Kb. The image
was too large for analysis. In the zoomed out images (Figs.
1, 2), the images of SARS-CoVs are mainly with the V-
shaped cross-lines, whereas those of non-SARS virus RNA
sequences are mainly with parallel slash-lines, indicating that
more numbers of repeated character ‘A’ than those of
repeated character ‘T’ is probably the reason that leads to the
V-shaped cross-lines, when the Rule 184 is used.

V. DISCUSSION AND CONCLUSION

With the CA approach to express the primary structure of
SARS-CoV RNA genome, the characteristic of this kind of
novel viruses is magnified and visualized in a two-
dimensional map. By analyzing the images thus generated
for all the 121 coronavirus isolates obtained from the
Genbank, a remarkable fingerprint for the SARS-CoV is
revealed. It should be pointed out that, only in the region
from 3040 to 5439nt near 5-terminal, does the V-shaped
cross-lines pattern appear without exception according to our
statistical analysis. In such a region the numbers of repeated
character ‘A’ for all the 96 SARS-CoVs are larger than those
of repeated character ‘T’; whereas for the 25 non-SARS-
CoVs a completely opposite is true, as reflected by Tables 1-
2 and Fig.3.

Owing to the limitation of the existing diagnosis
methods, it is still a big problem to determine the SARS-

CoV infection. However, using the VAS (Visually
Analyzing Sequence) method described here, we have
successfully detected the V-shape cross-lines accompanied
by the ratio of repeated character ‘A’ to ‘T ’ in all the known
SARS-CoV genomes. Accordingly, using the automated
method proposed here can help rapidly and reliably diagnose
SARS coronaviruses for both basic research in laboratories
and practical application in clinics. Further work in
analyzing the entire virus family and genome is under way in
our laboratory.
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ABBREVIATIONS

SARS
CA

Severe acute respiratory syndrome
Cellular automata.
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Fig. (3). The characteristic of the given region (3040~5439nt near 5-terminal) for the 96 SARS-CoVs sequences (Bj01, Bj02, ...) and the 25

non-SARS-CoVs sequences (Murine, Bovine, ..

.). (2) Each line corresponds to one virus sequence. X-axis is the number of repeated

nucleotides. For example, X= 2 represents two repeated nucleotides, ‘AA’ or ‘TT’. Y-axis is the ratio of occurrence numbers of repeated
character ‘T’ to those of repeated character ‘A’, denoted by R2, R3, R4 respectively. R2 = (number of TT) / (number of AA), R3 = (number
of TTT) / (number of AAA), R4 = (number of TTTT) / (number of AAAA). All the lines for the SARS are below 1 (red lines); all the lines
for the non-SARS are above 1 (blue lines). (b)The upper line (in blue) is the average value of all the ratios of the 25 non-SARS in the given
region. The lower line (in red) is the average value of all the ratios of the 96 SARS in the same region.
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CA: The cellular automata (CA) approach provides simple discrete deterministic
mathematical models for physical, biological and computational systems. Although its
construction is quite simple, the CA approach is capable in dealing with complicated
behaviors and generating complex patterns with universal features. An “elementary” CA
typically consists of a sequence of sites carrying values 0 or 1 arranged on a line, along
with a simple rule for transforming that sequence into a new one. The value at each site
evolves deterministically with time according to the set of rules involving the values of its
nearest neighbors. A rule might go like this: If a site in a given position is flanked by the
sites of its opposite value, reverse its value when assigning the corresponding site in the
next line; if not, keep it the same. By automatically applying the rule on each line as it
evolves (thus the term automata), the computer builds up a pattern of remarkable
complexity [11,12]. In general, the sites of a cellular automaton may be arranged on any
regular lattice, and each site may take on any discrete set of values. This paper
concentrates on the case of “elementary” cellular automata in one dimension with binary
values at each site and shows that despite their simple construction, such systems can
exhibit complicated behaviors.

In this paper, the initial line is the coded RNA sequence as described in the text. The
rule used is “184°, which will be explained in Box 2. The generated images for SARS and
non-SARS are obviously different (See Fig.1 and Fig.2) after zoomed out, indicating these
two kinds of sequences have different nucleotide-compositions. The readers are referred to
[11,12] for the whole theoretical foundation, the details of CA as well as the concept of
Rule 184.

Box 1

L} Ejl E J| BNl JiN EijmN jimEN
T O =i | m | O O O

Rule 184: The above 8-subschemes are actually a set of modified local Rules 184 for a CA
[11,12]. Here the black and white dots may be viewed as “0” and “1” , respectively. Each
of the eight possible sets of values for a site and its nearest neighbors appear on the upper
line, while the lower line gives the value to be taken by the central site on the next step.
These rules are applied synchronously to each site at every time step. For example, if the
current line has such a sequence with 3 pixels that the middle pixel is white and the other
pixels are black, then the pixel corresponding to the middle point in the next row will be
drawn as a black point, just as illustrated by the above 3" subscheme. Thus, for example,
the sequence 010110110 becomes -0101101- after one time step according to the rule
illustrated above (the two end sites depend on unspecified values, and they are set as 0 for
the computation of next time step). Rules may be interpreted as Boolean operations on the
values of the three sites in each neighborhood. Although the rules are simple in themselves,
and the CA approach is easy to be constructed, yet they are capable of describing
complicated behaviors and potentially amenable to a precise mathematical analysis.

Box 2
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