Classifying SARS-CoVs Based on Their Unique Sequences
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Abstract of coronaviruses—groups | and Il contain mammalian

viruses, whereas group Il contains only avian viruses.
In this paper we propose a method to construct a phylowithin each group, the coronaviruses are classified into
genetic tree for SARS-CoVs according to their uniquedistinct species by host ranges. During the recent SARS
sequences. The unique sequences are composed of si(severe acute respiratory syndrome) outbreak, there is
ple motifs that specify the most representative patterngn evidence showing that the etiologic agent of SARS
among species [4]. We propose a new distance measuig a new coronavirus [6], referred as SARS-CoV.

for building a tree which is independent of any evo- te molecular and biological characteristics of SARS-

lutionary model. With the distance measure, the tree~q\/s are demonstrated in recent studies [4,6-10].
is constructed without replying on multiple sequencey gt of the studies are focused on the classification

alignment. Experimental results show that 98% of our x sARS-Covs among Homo sapiens and other ani-

clustering groups are simi_lar to the result of C_IustaIWma|S. There is a considerable evidence showing that
(Thompsonet al, 1994) with support and confidence o coronaviruses have a history of host-shifting [8].

being higher than 85%. Moreover, we observe thali, yhe majority of its genomic regions, SARS-CoV is

the unique sequences are highly conservative in SARS(:Ioser related to one of the groups among these re-

CoVs. gions [4]. In our study, we find that there almost exist
Keywords: SARS-CoV, phylogenetic tree, unique se- six unique sequences in each of the 100 SARS viruses.
guence, host-shifting. According to their locations, we propose a method to
classify SARS-CoVs and then produce an evolutionary
1. Introduction tree for these SARS viruses. Most of the existing tree

construction methods use multiple sequence alignment
In the post-genomics era, a variety of living organismsand assume some kind of evolutionary models, such
are sequenced and annotated by laboratories. As a r@&s parsimony or maximal likelihood. By contrast, our
sult, a large number of genome databases are deveethod is based on the relative information between
oped. The need to efficiently mine the databases to findhe sequence diversities. We suspect that these highly
significant information is urgent and great. Many re- conserved unigue sequences among the SARS genomes
searches focus on finding repeated sequences and sigreserve some major functions.
natures [1-3,5]. In this paper we propose a method for
classifying coronavirus by using a particular set of short S :
sequences, nhamely, unique sequences, in the genoméf Preliminaries
These unique sequences are composed of simple m
tifs that specify the most representative patterns amon
species.

(,K subsequenceis uniquein a sequenc§ if s appears
%nly once inS and no substring of appears only once

in S. Table 1 gives examples of unique sequences in
The coronaviruses of family Coronaviridae are largethree species of the bacteria Pseudomonas. In the ta-
enveloped positive stranded RNA viruses that causge, the attribute ‘Acc Number’ represents the accession
respiratory and enteric diseases [9]. The length ofyumpber of a species in GenBank; ‘Species’ denotes
their genome sequences is about 30,000 nucleotideghe scientific name of a species; ‘Length (bps)’ de-
They are the longest RNA viruses found in any of hotes the length of the complete sequence of a species;
the existing RNA viruses. There are three groupsynj-Length’ is the minimal length of the unique se-

_ _ ‘ . quences in the species; ‘Num-Seq’ denotes the total
;gégpl‘gtzdz'ggpgrlt :’y the National Science Council under grant NSCy\y yher of unique sequences with the minimal length in
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of the first unique sequence in the species. BJO1 Group-7

For example, the accession number of Pseudomonas

aeruginosa is NM02516. The total length of this CUHK-WL Group-9
species is 6,264,403 basepairs. The minimal length of ——————— Urbani Group-16
the unique sequences in the species is 8. The total num-

ber of the unique sequences with length 8 is 92. The —— HKU-39849  Group-16
first unigue sequence with length 8 starts at the position

4,180,365 of the species. TOR2 Group-16

3. Main results . _ .
Figure 2. A phylogenetic tree proposed by National Center

We explore the 100 SARS genomes to find unique se]jor High-performance Computing.

guences of each SARS-CoV. We obtain the following
information. All SARS viruses almost have six com- Urbani G5
mon unique sequences. They are ‘CGGGC, ‘'TCCCG,’
‘CCCGG, ‘CCCCT, ‘CGCCT, and ‘CCGGA. Ac-
cording to their positions in sequences, we can divide
100 SARS viruses into 19 groups. Figure 1 shows the
classification rules. Note that Figure 1 only describes
the relationship among the first 17 groups. Two other
two groups, i.e., 18 and 19, are not involved because
their characteristics are far away from others.

[ B9 +178>.i\ +3>ﬂ\ +17>£\ +1>ﬁ
637 815 818 835

836

BJO1 Group-7

CUHK-W1 Group_9

TOR2 Group-16

HKU-39849  Group-16

Figure 3.Another phylogenetic tree proposed in [7].

ods using the phylogeny distance model). Most of the
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Table 2 shows the 19 clusters and the positions of the BJ03

six unique sequences in their complete sequences. B oo

According to our classification, we discover that it tal-
lied with phylogenetic relationship compared with the Figure 4.A phylogenetic tree proposed in [10].
method of multiple sequence alignment. Two examples

shown in Figures 2 and 3 give an evidence that our clasyq propose a phylogenetic tree for the 100 SARS-
sification is similar to other research. Figure 2 comescqy/s with a 2-layer architecture. The first layer in-
from National Center for High-performance Comput- gicates the major classification of all the 100 SARS-

ing and Figure 3 is depicted by Q&t al. [7]. Inthese  cqys. The second layer indicates the detailed cate-
figures, we know that the three SARS viruses Class'f'e(bories within a group. Since the positions of the six

in Group 16 are much closed to _each other. These ﬁV%nique sequences are the same in a group, we use mul-
SARS viruses can be separated into two parts and threg,|e sequence alignment algorithm to distinguish them.
branches according to our rules. A complete discussion about the tree topology will not
As shown in Figure 4 [10], the phylogenetic tree is ob-be presented in this paper because of the limitation of
tained by applying PAUP* (maximum-likelihood metjy;1gages. Figure 5 shows our results. For example, Group



Acc.Number Species Length(bps) Uni-Length Num-Seq Sequence Position
NC_002516 Pseudomonas aeruginosa 6264403 8. 92 AATTAGAT 4180365
NC_002947 Pseudomonas putida 6181863 8. 90 AACTAGTA 1208751
NC_004578 Pseudomonas syringae 6397126 8. 39 AATCGAAC 1005002
Table 1. Unique sequences in three bacteria Pseudomonas.
Source strainl Pos  strain2 Pos strain3 Pos strain4 Pos strain5 Pos strain6 Pos
Groupl CGGGC 637 TCCCG 9757 CCCGC 14353 CGCCT 22623 CCGGA 24740 CCGGA 26599
Group2 CGGGC 815 TCCCG 9935 CCCGC 14532 CGCCT 22801 CCGGA 24918 CCGGA 26777
Group3 CGGGC 818 TCCCG 9938 CCCGC 14535 CGCCT 22804 CCGGA 24921 CCGGA 26780
Group4 CGGGC 835 TCCCG 9955 CCCGC 14552 CGCCT 22821 CCGGA 24938 CCGGA 24797
Group5 CGGGC 836 TCCCG 9956 CCCGC 14553 CGCCT 22822 CCGGA 24939 CCGGA 26798
Group6 CGGGC 845 TCCCG 9965 CCCGC 14562 CGCCT 22831 CCGGA 24948 CCGGA 24807
Group7 CGGGC 868 TCCCG 9988 CCCGC 14585 CGCCT 22854 CCGGA 24971 CCGGA 26830
Group8 CGGGC 871 TCCCG 9991 CCCGC 14588 CGCCT 22875 CCGGA 24974 CCGGA 26833
Group9 CGGGC 872 TCCCG 9956 CCCGC 14553 CGCCT 22822 CCGGA 24939 CCGGA 26798
Group10 CGGGC 873 TCCCG 9993 CCCGC 14590 CGCCT 22859 CCGGA 24976 CCGGA 24835
Group1ll CGGGC 874 TCCCG 9994 CCCGC 14591 CGCCT 22860 CCGGA 24977 CCGGA 26836
Group1l2 CGGGC 877 TCCCG 9997 CCCGC 14594 CGCCT 22863 CCGGA 24980 CCGGA 26839
Group13 CGGGC 879 TCCCG 9999 CCCGC 14596 CGCCT 22865 CCGGA 24982 CCGGA 26841
Groupl4 CGGGC 883 TCCCG 10003 CCCGC 14600 X X CGCCT 24985 CCGGA 26845
Group15 CGGGC 886 TCCCG 10006 CCCGC 14603 CGCCT 22872 CCGGA 24989 CCGGA 26848
Group16 CGGGC 887 TCCCG 10007 CCCGC 14604 CGCCT 22873 CCGGA 24990 CCGGA 26849
Group17 CGGGC 921 TCCCG 10041 CCCGC 14638 CGCCT 22907 CCGGA 25024 CCGGA 26883
Group18 CGGGC 808 TCCCG 9928 X X X X CCGGA 24911 X X
Group19 CGGGC 887 TCCCG 10019 X X CCCCT 22894 X X CCGAG 24418

Table 2. The 19 clusters of 100 SARS-CoVs.

3 contains Taiwan TC-1, Taiwan TC-2, and Taiwan TC- The method we proposed can be extended in several
3. It is worth noting that 98% of the classifications ways. A weighted scheme for patterns may be added.
are consistent with PHYLIP and ClustalW except two A procedure for inspecting other viruses that share the
viruses. same pattern will be performed. Finding suitable mo-
To show these unique sequences are significant, we eflS and comparing the unique sequences among related
amine other coronaviruses which are not SARS-CoVsSPecies using different distance measures will be inves-
As shown in Table 3, most of the unique sequences apli9ated. Finding unique sequences also provides a start-
pearing in SARS-CoVs do not appear in the other coroINd Point for drug design, primer design, microarray de-
naviruses. The viruses shown in Table 3 are MurineSi9n: and immunity related problems.

and Bovine viruses. Neither of them contains the
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Other CoV TCCCG CCCCT CCCGG CCGGA CGCCT CGGGC

Murine hepatitis virus strain 2 X X X X X X
Murine hepatitis virus strain Penn X X X X X X
Murine hepatitis virus strain ML-10 X X X X X X
Bovine coronavirus strain Mebus X X X X X X
Bovine coronavirus strain Quebec X X X X X X
Bovine coronavirus isolate BCoV-LUN X X X X X X
Human coronavirus OC43 X X X O X X
Human coronavirus OC43 serotype OC43-Pa X X X (¢} X X
Human coronavirus OC43 strain ATCC VR-7¢ X X X o X X
Porcine epidemic diarrhea virus X X o (0] X o
Transmissible gastroenteritis virus X (0] (0] X X O
Human coronavirus 229E X X X O X O
Avian infectious bronchitis virus isolate BJ X X X X X (@)
Avian infectious bronchitis virus strain Cal99 X X X X X (0]
Avian infectious bronchitis partridge X X o X X X
Avian infectious bronchitis virus isolate Peafo X X X X X X

Table 3. A comparison with other coronaviruses using the six unique sequences.
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Figure 5. Our phylogenetic tree for SARS-CoVs.

1318



	BOOK2.pdf
	BOOK2.pdf
	BOOK2.pdf
	BOOK2.pdf
	BOOK2.pdf
	BOOK2.pdf
	BOOK2.pdf
	final_CBGI-23.pdf
	final_CBGI-23.pdf
	SSP ALGORITHM
	Acknowledgements






	revised_WDM-3.pdf
	Introduction
	Retrieval
	Processing
	Cleansing
	Mining
	Visualization
	Conclusion
	REFERENCES

	final_WDM-27.pdf
	1. Introduction
	2. Sensor networks as databases
	2.1. Similarities
	2.2. Differences

	3. SQL-like query language
	4. Silent messages
	5. Simulator
	5.1. Preparing queries
	5.2. Executing queries
	5.3. Results

	6. Related work
	7. Conclusion and future work
	8. References


	final_ESI-10.pdf
	A Web-based Decision Support System for Linear Bilevel Multi-follower Problems without Shared Variables
	
	Abstract


	1. Introduction
	2. The Extended Kuhn-Tucker Method for linear BLMFP
	3. WLBLDSS Architecture and Implementation
	3.1. WLBLDSS Architecture
	3.2. Client Side Application Design
	3.3. Sever Side Application Design
	3.4 Method Design
	3.5. WLBLDSS Database Design
	3.6. Guide of WLBLDSS

	4. Conclusions and Future Work
	References







