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INTRODUCTION
   Since Human Genome Project initiated, a lot of genome sequencing projects, which focused on model organisms, has already been finished and the final genomic sequence data have been published. What is more, so many projects are still under way around the world, which are being well advanced. They have poured the enormous amount of genomic sequence data and provide a strong impulse to computational biology, aiming to interpret the vast amounts of molecular information produced. In particular, computational biology has already helped to identify putative genes and their corresponding functions. However, much work remains to be done in order to analyze the genomic information already available, especially regarding the prediction of gene expression and its regulation and function.
   Initiation of transcription is the first step in gene expression, and constitutes an important point of control in prokaryotes as well as eukaryotes [1]. Transcription initiates when RNA-polymerase recognizes and binds to certain DNA-sequences termed promoters. Subsequent to binding, a short stretch of the DNA double helix is disrupted, and the polymerase starts to synthesize RNA by the process of complementary base pairing. The sequence of the promoter determines the position of the transcriptional start point, and is furthermore important for the frequency with which the gene is transcribed (the strength of the promoter). 

   In this context, the problem of identifying promoters in genomic DNA sequences by computational methods has attracted considerable research attention in recent years. From one point of view, the problem is closely related to the fundamental biochemical issues of specifying the precise sequence determinants of transcription and translation. From another point of view, the problem may contribute to improved gene identification and to prediction of the expression context of genes. However, the problem of predicting promoters is certainly also interesting in its own right. Existing algorithms to predicting promoters are based on the identification of regulatory signals, particularly binding sites for transcription factors. Although the problem of prediction of regulatory sites had been addressed for over 15 years, it is still far from being solved. It proved to be extremely difficult to construct a good recognition rule since the physics of protein-DNA interaction is poorly understood, making it virtually impossible to derive a proper set of features for statistical or pattern recognition algorithms. In many cases, regular expression, simple profile, weight matrix, and hidden Markov models are employed in prediction of transcription factor binding sites and promoter region. Those methods have the inherent limitations even though they have their own important advantage [2]. In this context, to make up for the weak points of existing methods, we have developed a new computational method for detecting core promoter regions in prokaryotic genomic sequences by combining several techniques that have already proven successful in characterizing the patterns around promoter region. We use a decision tree method called maximal dependence decomposition (MDD), first introduced by Burge and Karlin [3], and enhance it with Markov models that capture additional dependencies among neighboring bases in a region around core promoter region. This depenpendency-reflecting method (DRM) considers only a small window around transcription initiation site and –10 region, which contains most of the information recognized by the RNA polymerase. The target organism that we used is Escherichia coli about which we know the most, regarding the mechanisms of gene regulation, metabolism, etc. as a long-standing model system for the study of gene regulation.
METERIALS and METHODS
   When designing our method, we tried to make use of the moderately successful techniques that were used to characterize the sequences around core promoter region. To improve the detection of core promoter region, we combined the Markov modeling technique with the MDD described by Burge and Karlin [3] using the following algorithm.   The method begins with extraction of all possible core promoter sequences experimentally verified from the table ‘promoter’ in RegulonDB [4] that is a database on transcription regulation and operon organization in E. coli., which amount to 607 core promoter sequences. The size of each promoter sequence is 81 bases, including 60 bases upstream and 20 bases downstream from transcription initiation position. In E. coli, the form of the RNA-polymerase has the protein subunit composition (2(((( which can be divided into two functional components: the core enzyme ((2((() and the sigma factor ((). The ( factor plays an important role in recognizing promoter sequences, and after successful initiation it is released from the holoenzyme [5]. Several different ( factors exist, each recognizing a specific subset of promoters. According to the result of classification by each ( factor, 548 of 607 promoter sequences belong to (70-class and 10, 21, 22, 3, 3, 83 to (54, (38, (32, (28, (24, the others respectively. Next, we aligned all the promoter sequences by transcriptional initiation position (position 61 in Fig. 1) to examine the Shannon information content in each position in various subsets of the data (Fig. 1). Hereafter we follow the position conventions which number transcription initiation position zero and decrease upstream from initiation position by the one. We employed the definition of Tom Schneider who followed Claude Shannon and defined the uncertainty measure as [6]:
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where H(l) is the uncertainty at position l, B is one of the bases (A, C, G, or T) and f(B,l) is the frequency of base B at position l. Total information at the position is represented by the decrease in uncertainty as the sequence is aligned :
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where R(l) is the amount of information present at position l, N is the number of choices, that is, 4 (A, C, G, or T). In this case, 2 is the maximum uncertainty at any given position. Based on the information content at each position, we localized the reasonable region in original promoter stretch (81 bases), which is relatively rich in information. Finally the region covering -21 to +4 (26 bases) is selected and employed to make our model. Now we are given with a set D of 607 aligned core promoter sequences of length k (=26). Next, to make the model allow for the possibility of “long-range” interactions between positions further apart than two or three nucleotides, we consider the amount of dependence between arbitrary positions in our target region (-21 to +4). Chi-square statistic is used to measure dependencies between the variables Ni and Nj (which take on the four possible values A, C, G, T), indicating the nucleotides at positions i and j of the sequence. That means to ask whether there is an association between occurrence of particular nucleotide(s) at position i and occurrence of other nucleotide(s) at position j in the same sequence. That is, compute the chi-square statistics between the variables Ni and Nj for each i, j pair with i ( j. If strong 
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Figure 1. Shannon information content in the various subsets of the promoter sequences. a) experimentally confirmed sequences (607 sequences). b) (70 class sequences (548 sequences). c) other ( factor classes sequences (142 sequences). d) (70 class sequences by purine (A or G) to pyrimidine (C, T or U). 

dependencies are detected (defined as a chi-square value corresponding to a cutoff level of P = 0.001 with 9 degrees of freedom) between non-adjacent positions, then proceed as described by Burge and Karlin [3]. (i) Compute the sum 
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 for each position i. (ii) Choose i such that Si is maximal, and partition D into two subsets, Di1 containing all sequences with the consensus nucleotide at position i, and Di2 = D – Di1 containing the remaining sequences. (iii) Recursively repeat steps 1 and 2 on each of the subsets Di1 and Di2 (thus, building a binary decision tree), until either: the k-1 level of the tree is reached; no significant dependencies are detected; or the number of the sequences in the subtree is too small for reliable Markov models to be constructed for them (Fig. 2). 
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Figure 2. Subclassification of all promoter sequences (607) by the MDD procedure. Each rounded box represents a subset of promoter sequences corresponding to a pattern of matches/mismatches to the consensus nucleotide(s) at a set of positions which have the highest row sum of X2 statistics.

Each leaf of the tree thus constructed now contains a subset of the core promoter sequences used for training. We then construct first-order Markov chain models using a 26 base region including transcrition initiation site and –10 region (Higher-order Markov chains are always preferable when sufficient data is available; the decision to use a first-order Markov chain was made based on the amount of training data). Finally we can get the our composite model which captures the most significant dependencies between positions (allowing for non-adjacent as well as adjacent dependencies) and may reflect biological situations in a fairly way.
RESULTS and DISCUSSIONS
   To test the performance of our dependency-reflecting method (DRM), we applied 10-fold cross-validation experiments on experimentally verified 607 promoter sequences with the fixed length (-21 ~ +4) which are mentioned above. We also compared our method with simple weight matrix model (WMM) and dependence decomposition weight matrix model (DDWMM) through the same 10-fold cross-validation under the same condition. DDWMM is also based on MDD procedure [2]. Table 1 shows the performance results which show that our method gives an excellent performance and also is much better than the simpler WMM model and DDWMM. Even though our approach gives almost perfect performance in terms of sensitivity, there may be much room for improvement with respect to specificity (here not tested). To combine our method with gene prediction information could give us a good specificity.

Testing No.
1
2
3
4
5
6
7
8
9
10
Average

(%)

DRM

Success

(%)
98
97
99
99
98
98
99
97
99
99
98.3

DDWMM success

(%)
85
75
85
79
84
82
84
82
89
78
82.3

WMM success

 (%)
59
66
52
46
46
56
49
49
67
50
54

Table 1. Performances of DRM, DDWMM and WMM. Each success percentage (%) is computed from 10 partitions of 607 promoter sequences in training (9/10) and test (1/10) sets.

REFERENCES
1. W. S. Reznikoff, D. A. Siegele, D. W. Cowing, and C. A. Gross, “The regulation of transcription initiation in bacteria”, Annu. Rev Genet., Vol. 19, pp. 355-387, 1985.

2. K. B. Kim, K. J. Park and E. B. Kong, “Prokaryotic Promoter Recognition with Dependence Decomposition Weight Matrix Method", ISIS’01 Proceedings, Vol. II  No.2 p 277-281.
3. C. Burge and S. Karlin, “Prediction of Complete Gene Structure in Human Genomic DNA”, J. Mol. Biol., Vol. 268, pp. 78-94, 1997.

4. H. Salgado, et. al., “RegulonDB (version 3.2): transcriptional regulation and operon organization in Escherichia coli K-12”, Nucle. Acids Res., Vol. 29, pp. 72-74, 2001.

5. C. A. Gross and M. Lonetto, Bacterial sigma factors, Cold Spring Harbor Laboratory Press, 1992.

6. T. D. Schneider and R. M. Stephens, “Sequence Logos: A New Way to Display Consensus Sequences”, Nucleic Acids Res., Vol. 18, pp. 6097-6100, 1990..
5. G. Z. Hertz, G. W. Hartzell III and G. D. Stormo, “Identification of consensus patterns in unaligned DNA sequences known to be functionally related”, Comput. Applic. Biosci., Vol. 6, pp. 81-92, 1990.
_1056721136.unknown

_1062175612.xls
Chart2

		0.029		0.032

		0.032		0.04

		0.012		0.012

		0.0048		0.0053

		0.018		0.02

		0.034		0.026

		0.038		0.031

		0.049		0.046

		0.049		0.039

		0.074		0.066

		0.027		0.025

		0.016		0.011

		0.024		0.019

		0.015		0.017

		0.0091		0.0089

		0.032		0.035

		0.027		0.035

		0.025		0.016

		0.03		0.037

		0.026		0.03

		0.034		0.043

		0.014		0.017

		0.042		0.049

		0.019		0.025

		0.028		0.033

		0.097		0.097

		0.075		0.07

		0.031		0.031

		0.039		0.039

		0.018		0.017

		0.019		0.017

		0.067		0.061

		0.025		0.021

		0.04		0.038

		0.015		0.011

		0.0079		0.019

		0.0082		0.015

		0.0038		0.008

		0.016		0.018

		0.02		0.021

		0.03		0.028

		0.037		0.034

		0.013		0.0075

		0.026		0.026

		0.024		0.03

		0.035		0.046

		0.033		0.043

		0.056		0.08

		0.14		0.17

		0.19		0.21

		0.11		0.11

		0.1		0.11

		0.11		0.12

		0.16		0.16

		0.027		0.033

		0.023		0.026

		0.012		0.01

		0.00016		0.0016

		0.015		0.013

		0.11		0.11

		0.14		0.14

		0.035		0.034

		0.05		0.057

		0.024		0.026

		0.023		0.023

		0.028		0.034

		0.02		0.023

		0.034		0.034

		0.029		0.03

		0.026		0.029

		0.023		0.019

		0.025		0.022

		0.0045		0.0076

		0.007		0.0058

		0.04		0.052

		0.0096		0.011

		0.0097		0.0077

		0.013		0.011

		0.016		0.016

		0.026		0.02

		0.018		0.019



a

b

Pos.

Bits



Sheet1

		-60		0.029		0.032		0.0085		0.0062		0.0031

		-59		0.032		0.04		0.024		0.0084		0.0042

		-58		0.012		0.012		0.055		0.00124		0.00062

		-57		0.0048		0.0053		0.0019		0.0003		0.00015

		-56		0.018		0.02		0.0074		0.005		0.0025

		-55		0.034		0.026		0.099		0.00094		0.00047

		-54		0.038		0.031		0.035		0.00156		0.00078

		-53		0.049		0.046		0.021		0.00094		0.00047

		-52		0.049		0.039		0.049		0.0024		0.0012

		-51		0.074		0.066		0.12		0.0003		0.00015

		-50		0.027		0.025		0.099		0.00124		0.00062

		-49		0.016		0.011		0.061		0.00094		0.00047

		-48		0.024		0.019		0.08		0.00156		0.00078

		-47		0.015		0.017		0.0064		0.0003		0.00015

		-46		0.0091		0.0089		0.034		0.0094		0.0047

		-45		0.032		0.035		0.0077		0.0044		0.0022

		-44		0.027		0.035		0.02		0.00124		0.00062

		-43		0.025		0.016		0.082		0.0024		0.0012

		-42		0.03		0.037		0.0076		0.00716		0.00358

		-41		0.026		0.03		0.011		0		0

		-40		0.034		0.043		0.0027		0		0

		-39		0.014		0.017		0.037		0.0062		0.0031

		-38		0.042		0.049		0.0042		0.015		0.0075

		-37		0.019		0.025		0.024		0.0198		0.0099

		-36		0.028		0.033		0.034		0.0094		0.0047

		-35		0.097		0.097		0.08		0.05		0.025

		-34		0.075		0.07		0.08		0.022		0.011

		-33		0.031		0.031		0.042		0.005		0.0025

		-32		0.039		0.039		0.095		0.0102		0.0051

		-31		0.018		0.017		0.027		0.0032		0.0016

		-30		0.019		0.017		0.06		0.0024		0.0012

		-29		0.067		0.061		0.071		0.0007		0.00035

		-28		0.025		0.021		0.065		0.0028		0.0014

		-27		0.04		0.038		0.055		0.0174		0.0087

		-26		0.015		0.011		0.078		0.00156		0.00078

		-25		0.0079		0.019		0.025		0.0186		0.0093

		-24		0.0082		0.015		0.013		0.012		0.006

		-23		0.0038		0.008		0.023		0.005		0.0025

		-22		0.016		0.018		0.024		0.001246		0.000623

		-21		0.02		0.021		0.036		0		0

		-20		0.03		0.028		0.029		0.0038		0.0019

		-19		0.037		0.034		0.032		0.00192		0.00096

		-18		0.013		0.0075		0.071		0.0003		0.00015

		-17		0.026		0.026		0.019		0.013		0.0065

		-16		0.024		0.03		0.021		0.02		0.01

		-15		0.035		0.046		0.03		0		0

		-14		0.033		0.043		0.016		0		0

		-13		0.056		0.08		0.038		0.0174		0.0087

		-12		0.14		0.17		0.074		0.00048		0.00024

		-11		0.19		0.21		0.19		0.024		0.012

		-10		0.11		0.11		0.2		0.0102		0.0051

		-9		0.1		0.11		0.13		0.0032		0.0016

		-8		0.11		0.12		0.092		0		0

		-7		0.16		0.16		0.16		0.096		0.048

		-6		0.027		0.033		0.052		0.011		0.0055

		-5		0.023		0.026		0.07		0.0003		0.00015

		-4		0.012		0.01		0.018		0.0162		0.0081

		-3		0.00016		0.0016		0.028		0		0

		-2		0.015		0.013		0.043		0.007		0.0035

		-1		0.11		0.11		0.071		0.196		0.098

		0		0.14		0.14		0.13		0.24		0.12

		1		0.035		0.034		0.055		0.022		0.011

		2		0.05		0.057		0.02		0.054		0.027

		3		0.024		0.026		0.014		0.0076		0.0038

		4		0.023		0.023		0.061		0.0062		0.0031

		5		0.028		0.034		0.0072		0.0038		0.0019

		6		0.02		0.023		0.04		0.00124		0.00062

		7		0.034		0.034		0.042		0		0

		8		0.029		0.03		0.039		0		0

		9		0.026		0.029		0.014		0.00156		0.00078

		10		0.023		0.019		0.045		0.0174		0.0087

		11		0.025		0.022		0.017		0.005		0.0025

		12		0.0045		0.0076		0.089		0.005		0.0025

		13		0.007		0.0058		0.031		0.0032		0.0016

		14		0.04		0.052		0.00072		0.0186		0.0093

		15		0.0096		0.011		0.034		0.011		0.0055

		16		0.0097		0.0077		0.063		0.012		0.006

		17		0.013		0.011		0.026		0.0198		0.0099

		18		0.016		0.016		0.041		0.024		0.012

		19		0.026		0.02		0.029		0.0076		0.0038

		20		0.018		0.019		0.033		0.00124		0.00062

				known(607)		sigma70k(548)		others (142)				purine/pyrime(70k)





Sheet1

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



a

b

Pos.

Bits



Sheet2

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



c

d

Pos.

Bits



Sheet3

		





		






_1062175662.xls
Chart3

		0.0085		0.0062

		0.024		0.0084

		0.055		0.00124

		0.0019		0.0003

		0.0074		0.005

		0.099		0.00094

		0.035		0.00156

		0.021		0.00094

		0.049		0.0024

		0.12		0.0003

		0.099		0.00124

		0.061		0.00094

		0.08		0.00156

		0.0064		0.0003

		0.034		0.0094

		0.0077		0.0044

		0.02		0.00124

		0.082		0.0024

		0.0076		0.00716

		0.011		0

		0.0027		0

		0.037		0.0062

		0.0042		0.015

		0.024		0.0198

		0.034		0.0094

		0.08		0.05

		0.08		0.022

		0.042		0.005

		0.095		0.0102

		0.027		0.0032

		0.06		0.0024

		0.071		0.0007

		0.065		0.0028

		0.055		0.0174

		0.078		0.00156

		0.025		0.0186

		0.013		0.012

		0.023		0.005

		0.024		0.001246

		0.036		0

		0.029		0.0038

		0.032		0.00192

		0.071		0.0003

		0.019		0.013

		0.021		0.02

		0.03		0

		0.016		0

		0.038		0.0174

		0.074		0.00048

		0.19		0.024

		0.2		0.0102

		0.13		0.0032

		0.092		0

		0.16		0.096

		0.052		0.011

		0.07		0.0003

		0.018		0.0162

		0.028		0

		0.043		0.007

		0.071		0.196

		0.13		0.24

		0.055		0.022

		0.02		0.054

		0.014		0.0076

		0.061		0.0062

		0.0072		0.0038

		0.04		0.00124

		0.042		0

		0.039		0

		0.014		0.00156

		0.045		0.0174

		0.017		0.005

		0.089		0.005

		0.031		0.0032

		0.00072		0.0186

		0.034		0.011

		0.063		0.012

		0.026		0.0198

		0.041		0.024

		0.029		0.0076

		0.033		0.00124



c

d

Pos.

Bits



Sheet1

		-60		0.029		0.032		0.0085		0.0062		0.0031

		-59		0.032		0.04		0.024		0.0084		0.0042

		-58		0.012		0.012		0.055		0.00124		0.00062

		-57		0.0048		0.0053		0.0019		0.0003		0.00015

		-56		0.018		0.02		0.0074		0.005		0.0025

		-55		0.034		0.026		0.099		0.00094		0.00047

		-54		0.038		0.031		0.035		0.00156		0.00078

		-53		0.049		0.046		0.021		0.00094		0.00047

		-52		0.049		0.039		0.049		0.0024		0.0012

		-51		0.074		0.066		0.12		0.0003		0.00015

		-50		0.027		0.025		0.099		0.00124		0.00062

		-49		0.016		0.011		0.061		0.00094		0.00047

		-48		0.024		0.019		0.08		0.00156		0.00078

		-47		0.015		0.017		0.0064		0.0003		0.00015

		-46		0.0091		0.0089		0.034		0.0094		0.0047

		-45		0.032		0.035		0.0077		0.0044		0.0022

		-44		0.027		0.035		0.02		0.00124		0.00062

		-43		0.025		0.016		0.082		0.0024		0.0012

		-42		0.03		0.037		0.0076		0.00716		0.00358

		-41		0.026		0.03		0.011		0		0

		-40		0.034		0.043		0.0027		0		0

		-39		0.014		0.017		0.037		0.0062		0.0031

		-38		0.042		0.049		0.0042		0.015		0.0075

		-37		0.019		0.025		0.024		0.0198		0.0099

		-36		0.028		0.033		0.034		0.0094		0.0047

		-35		0.097		0.097		0.08		0.05		0.025

		-34		0.075		0.07		0.08		0.022		0.011

		-33		0.031		0.031		0.042		0.005		0.0025

		-32		0.039		0.039		0.095		0.0102		0.0051

		-31		0.018		0.017		0.027		0.0032		0.0016

		-30		0.019		0.017		0.06		0.0024		0.0012

		-29		0.067		0.061		0.071		0.0007		0.00035

		-28		0.025		0.021		0.065		0.0028		0.0014

		-27		0.04		0.038		0.055		0.0174		0.0087

		-26		0.015		0.011		0.078		0.00156		0.00078

		-25		0.0079		0.019		0.025		0.0186		0.0093

		-24		0.0082		0.015		0.013		0.012		0.006

		-23		0.0038		0.008		0.023		0.005		0.0025

		-22		0.016		0.018		0.024		0.001246		0.000623

		-21		0.02		0.021		0.036		0		0

		-20		0.03		0.028		0.029		0.0038		0.0019

		-19		0.037		0.034		0.032		0.00192		0.00096

		-18		0.013		0.0075		0.071		0.0003		0.00015

		-17		0.026		0.026		0.019		0.013		0.0065

		-16		0.024		0.03		0.021		0.02		0.01

		-15		0.035		0.046		0.03		0		0

		-14		0.033		0.043		0.016		0		0

		-13		0.056		0.08		0.038		0.0174		0.0087

		-12		0.14		0.17		0.074		0.00048		0.00024

		-11		0.19		0.21		0.19		0.024		0.012

		-10		0.11		0.11		0.2		0.0102		0.0051

		-9		0.1		0.11		0.13		0.0032		0.0016

		-8		0.11		0.12		0.092		0		0

		-7		0.16		0.16		0.16		0.096		0.048

		-6		0.027		0.033		0.052		0.011		0.0055

		-5		0.023		0.026		0.07		0.0003		0.00015

		-4		0.012		0.01		0.018		0.0162		0.0081

		-3		0.00016		0.0016		0.028		0		0

		-2		0.015		0.013		0.043		0.007		0.0035

		-1		0.11		0.11		0.071		0.196		0.098

		0		0.14		0.14		0.13		0.24		0.12

		1		0.035		0.034		0.055		0.022		0.011

		2		0.05		0.057		0.02		0.054		0.027

		3		0.024		0.026		0.014		0.0076		0.0038

		4		0.023		0.023		0.061		0.0062		0.0031

		5		0.028		0.034		0.0072		0.0038		0.0019

		6		0.02		0.023		0.04		0.00124		0.00062

		7		0.034		0.034		0.042		0		0

		8		0.029		0.03		0.039		0		0

		9		0.026		0.029		0.014		0.00156		0.00078

		10		0.023		0.019		0.045		0.0174		0.0087

		11		0.025		0.022		0.017		0.005		0.0025

		12		0.0045		0.0076		0.089		0.005		0.0025

		13		0.007		0.0058		0.031		0.0032		0.0016

		14		0.04		0.052		0.00072		0.0186		0.0093

		15		0.0096		0.011		0.034		0.011		0.0055

		16		0.0097		0.0077		0.063		0.012		0.006

		17		0.013		0.011		0.026		0.0198		0.0099

		18		0.016		0.016		0.041		0.024		0.012

		19		0.026		0.02		0.029		0.0076		0.0038

		20		0.018		0.019		0.033		0.00124		0.00062

				known(607)		sigma70k(548)		others (142)				purine/pyrime(70k)
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