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______________________________________________________________________________ 
Abstract.  
The general belief is that quantitative structure-activity relationships (QSAR) techniques work 

only for small molecules and, proteins sequences or, more recently, DNA sequences. However, 
with non-branched graph for proteins and DNA sequences the QSAR often have to be based on 
powerful non-linear techniques such as support vector machines. In our opinion linear QSAR 
models based in RNA could be useful to assign biological activity when alignment techniques 
fail due to low sequence homology. The idea bases in the high level of branching for the RNA 
graph. This work introduces the so called Markov electrostatic potentials kξM as a new class of 
RNA 2D-structure descriptors. Subsequently, we validate these molecular descriptors solving a 
QSAR classification problem for mycobacterial promoter sequences (mps), which constitute a 
very low sequence homology problem. The model developed (mps = –4.664·0ξM + 0.991·1ξM – 
2.432) was intended to predict whether a naturally occurring sequence is an mps or not on the 
basis of the calculated kξM value for the corresponding RNA secondary structure. The RNA-
QSAR approach recognises 115/135 mps (85.2%) and 100% of control sequences. Average 
predictability and robustness were greater than 95%. A previous non-linear model predicts mps 
with slightly higher accuracy (97%) but uses a very large parameter space for DNA sequences. 
Conversely, the kξM-based RNA-QSAR encodes more structural information and needs only two 
variables.  
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There are different reasons to believe that the transcription and translation signals in 

Mycobacteria may be different from those in other bacteria such as E. coli. Therefore, 
understanding the factors responsible for the low level of transcription and the possible 
mechanisms of regulation of gene expression in Mycobacteria requires examination of the 
structure of mycobacterial promoter sequences (mps) and their transcription machinery, 
including information concerning the RNA macromolecules involved. Unfortunately, mps 
present a very low sequence homology and mathematical methods to assign biological activity 
based on sequence alignment are not of practical use in this case.1-3  
Different mathematical methods have been used for the analysis of genome information. The 

group of Professor Grau4,5 has reported results on genome algebras. Markov models6-9 are also 

JASV
Imagen colocada

JASV
Cuadro de texto
[G003]



 2

well-known tools for analyzing biological sequence data. However, advances have not been 
reported concerning the treatment of this macromolecular structure-activity problem based on 
RNA secondary structure. 
A real possibility to address this problem involves structure-activity relationships for naturally 

occurring RNA macromolecules with Markov molecular descriptors.10 The use of molecular 
descriptors to derive quantitative structure-activity relationships (QSAR)11 is an approach of 
major interest. Molecular descriptors12 are numeric indices that codify either molecular or 
macromolecular structure. In this sense, González13,14 and Morales15 have applied molecular 
descriptors in macromolecular science. Furthermore, studies published by Roy, Toropov16-18 and 
others illustrate the use of the QSAR approach. New sequences of molecular descriptors that can 
be extended to other biomacromolecules have been defined for DNA by Randič et al.19 and by 
Hua and Sun20 for protein sequence QSAR. Nevertheless, in spite of the potential use of classical 
molecular descriptors, they have not been applied in this area of science. In our opinion, the 
problem is that classical QSARs, such as those reported by Cabrera-Pérez et al.,21-23 deal with 
branched rather than linear molecules such as DNA and protein sequences. For this reason, one 
may expect higher success for classical molecular indices in branched biomacromolecules. The 
study of branched biomacromolecules with QSAR techniques could be also very useful for 
sequences with low homology. However, it must be remembered that the more commonly 
known branched biomacromolecule is the RNA secondary structure.24  

Researchers worldwide have reported increasing interest in the characterization of the RNA 
macromolecular structure by computational techniques.25,26 In this context, we propose here that 
2D-RNA-QSAR is a promising field within biomacromolecules research. New analogues of our 
stochastic molecular descriptors will be introduced for the RNA secondary structure. 27-36  Two 
preliminary studies into secondary QSAR of RNA macromolecules have also been published.37,38 
These studies focus only on local properties of a single RNA molecule. As a consequence, the 
main aim of the present paper is to introduce in RNA-QSAR studies the Markov electrostatic 
potentials (kξM) previously used for proteins QSAR.39 In this sense, we intend to predict whether 
a naturally occurring DNA sequence is an mps or not on the basis of the kξM calculated for its 
putative RNA secondary structure. Consequently, a more specific but still important aim of this 
work is to introduce a novel approach to predict mps. This work has led to a 2D-RNA-QSAR to 
discriminate between two groups comprising several RNA macromolecules, including 135 mps 
and 450 control sequences (cs). 

In the work described here, we used the MC model theory to encode the 2D-RNA structure. 
We take into consideration long-range electrostatic interactions and secondary folding of the 
macromolecule. Norberg and Nilsson40 have remarked on the importance of truncating long-
range interactions throughout space to study folding and biological activity of nucleic acids. In 
this study long-range interactions are allowed here to propagate stepwise throughout the 2D-
RNA ribbon. This approach uses a MC for the propagation of long-range electrostatic 
interactions in a step-by-step manner during folding. Accordingly, this model uses the 
nucleotide-nucleotide short-range electrostatic interaction 1Π matrix (with elements pij). 1Π was 
built up as a squared table of order n, where n represents the number of nucleotides in the RNA 
molecule.  

The elements of 1Π (1pij), defined to codify information about the electrostatic interaction 
between nucleotides, were defined as:27-37  
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Where, δij is the Kronecker symbol, which equals 1 for covalently or hydrogen bonded 
nucleotides and 0 otherwise. The value qj is the electrostatic charge for the jth nucleotide; and dij 
is the topologic distance. The topologic distance is always equal to 1 due to δij cutting-off for 
long-range interactions. The sum carries over all directly interacting α nucleotides placed in the 
same row of Π. This sum enables us to calculate the partial potential φj. This last value is the 
denominator in the probability expression (see the previous publication in this series for details). 
Chapman–Kolgomorov equations were used to calculate the vector Aπk of absolute probabilities 
Apk(j). The Apk(j) are the probabilities with which short range electrostatic interactions reach 
every jth nucleotide at distance k within the 2D-RNA framework. The sum of numerous 
successive short-range interactions thus results in long-range indirect interactions between 
nucleotides (see references for similar models):  

( ) ( )21 kA
k

A Πππ 0 ⋅=  

Where, Aπ0 is the vector of the initial probabilities Ap0(j) with which the jth nucleotide begins 
an interaction. This vector can be calculated using equation (1), but summing up to the n 
nucleotides rather than α. The result of the sum is called the total initial potential φ. The value of 
Apk(j) depends on the specific nucleotides (identified by qj) and on the connectivity between the 
nucleotides in the RNA molecule. Therefore, we can assert that any function having Apk(j) values 
as arguments may encode information on 2D-RNA structure. In this sense, we introduce here for 
the first time the molecular Markov electrostatic potentials (kξM). These new molecular 
descriptors may be considered as 2D-RNA backbone molecular descriptors:39 
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The calculation of kξM was carried out using our in-house software BIOMARKS 1.0 ©41 
(BIOinformatics MARKovian Studies). This software inputs the ct files generated by the 
software RNAStructure 4.0.42 These files contain information concerning the secondary structure 
of the RNA macromolecules. These parameters represent the electrostatic interaction potential 
for nucleotides at a topologic distance equal to k or less. An RNA macromolecule depicted at the 
BIOMARKS 1.0 © interface is represented in Figure 1. 
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Figure 1. BIOMARKS 1.0 interface showing the circular representation for a folded RNA 

macromolecule of mps T3 from M. tuberculosis, note main stem highlighted in red. 
 

An example of the calculation of kξM is shown in more detail in Table 1. Note that for the 
calculation of 0ξM, (1П)0 becomes an identity matrix with 1 in the main diagonal. In addition the 
matrix presents 0 off-diagonal elements – indicating that we do not consider nucleotide-
nucleotide interactions (isolated nucleotides). Conversely, 1П is used for the calculation of 1ξM 
taking into consideration direct interactions between covalently or hydrogen bonded nucleotides 
such as U2-C1 and U2-C3. 

However, an example of a real numeric calculation is probably the best way to understand 
these indices. A detailed step-by-step calculation of Aπ0, 1П, 0ξM and 1ξM for a fragment of a 
DNA sequence is depicted as concisely as possible in Table 1SM of the supplementary material 
at the end of the manuscript. These steps are as follows:39 

1. Obtain the DNA sequence and transform it into the corresponding RNA sequence. 
2. Upload the RNA sequence into the software RNAStructure 4.042 and build the RNA 

secondary structure. 
3. Set the initial potentials φ0(j) that will be used for each kind of base j; in this step one 

may consider either electrostatic potentials (as in this work) or other weights.  
4. Build the vector 0φ, whose elements are the initial potentials φ0(j) of all the nucleotides 

in the RNA molecule.  
5. Calculate the total initial potential φ as the sum of the initial potentials for all 

nucleotides in the RNA molecule.  
6. Build the vector Aπ0. 
7. Calculate the partial potentials φj as sums of the initial potentials φ0(j) considering only 

interacting nucleotides. These potentials are used as denominators in 1П elements. 
8. Build the 1П matrix. 
9. Calculate from 0ξM to 5ξM (six molecular descriptors in total). 
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Table 1. Definition of the kξM molecular descriptors. 
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* These codes are the used for a classical representation of a nucleic acid sequences. Please note that there are only 
four letters “a, t, g, c” for a DNA sequence, using “u” instead of “t” in the case of RNA. The letters represent 
different classes of nucleic acid bases and the number used immediately after a base indicates, when used, the 
position of the base in the sequence.  

 
As can be noted the new indices are topologic in nature. Several of these indices have 

previously been used in QSAR studies over a long period of time. Topologic molecular 
descriptors have potential for RNA-QSAR problems but have not been applied yet to it. Other 
very interesting molecular descriptors are the quadratic, linear, and stochastic indexes recently 
introduce by Marrero–Ponce.43-45 Our molecular descriptors are defined similar to other in the 
sense of the use of graph-theoretic concepts but use thermodynamic or electrostatic potentials 
analogies.46,47  

Several authors have studied the mps problem from the point of view of DNA. For instance, 
Mulder et al.48 listed −35 and −10 DNA regions of a few mycobacterial promoters. 
Mycobacteriophage I3 and M. paratuberculosis mps have been studied by Ramesh and 
Gopinathan49 and Bannantine et al.,50 respectively. Kremer et al.51 studied the DNA sequences 
essential for transcription in promoters like M. tuberculosis 85A. It is possible that DNA 
promoters with a high GC content in the −10 region are the true representatives of the 
mycobacterial type.52 An analysis of M. smegmatis and M. tuberculosis promoters by Bashyam 
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et al.53 showed that there are similarities to E. coli 70 promoters. Strohl54 studied DNA mps for 
Streptomyces promoters.  
O’Neill and Chiafari55 have also made efforts to develop statistical algorithms for sequence 

analysis and motif prediction. Two studies by Mulligan and McClure56 and Mulligan et al.57 
pointed out that the variations within individual promoter sequences are responsible for the 
unsatisfactory results yielded by the promoter-site-searching algorithms. It can therefore be 
inferred that recognition of mps requires a powerful technique that is capable of unravelling 
those hidden pattern(s) in the structure difficult to identify visually.  
Almost all the previous models have focused on DNA analysis and sequence alignment rather 

than RNA macromolecular secondary structure.58 Our QSAR model attacks the pms problem 
from the 2D-RNA-QSAR point of view. QSAR techniques59 have been classically used to seek 
models that encode structural patterns often hidden to a “first eagle eye inspection”. Among 
these molecular indices, the stochastic molecular indices derived using Markov models stand out 
due to their potential for work with biomacromolecules.60 Based in this reason we selected 
Markov models for the present RNA-QSAR study. The RNA secondary structure used was the 
lower energy structure predicted by the Mathews and Zuker model.61 In the first instance, the 
statistical significance of the results must be discussed before arriving at any conclusions 
concerning the biology involved. 
Linear Discriminant Analysis (LDA)62,63 was used to classify RNA macromolecules as mps or 

cs. In the LDA the output was a dummy variable mps = 1 when a sequence lies within the mps 
class or mps = 0 otherwise. In this problem the inputs were the Markov electrostatic potentials 
(kξM) with k in the range [0, 5]. The best discriminant equation found was: 

( )

001.08.3841.0585

4432.2991.0664.4 10

<===

−⋅+⋅−=

pFN

mps MM

λ

ξξ
 

Where, λ is Wilk’s statistic, N is the number of RNA sequences studied, F is Fisher’s statistics 
and p is the p-level (probability of error). This latter factor means that the hypothesis of groups 
overlapping with a 5% error can be rejected. A high Matthews’ regression coefficient (C = 
0.903)20 was observed. This high C value20 indicates a strong linear relationship between the 
structural descriptors and the classification of the RNA sequences. The significance of the two 
variables (0ξM and 1ξM) in the model was demonstrated with the stepwise analysis (see Table 2). 
Conversely, the remnant four descriptors 2ξM, 3ξM, 4ξM, and 5ξM do not have a significant 
relationship with the mps characteristic. The use of only six molecular descriptors to model a 
data set of 585 sequences prevent us by large from chance correlation. In physical terms the 
above results show that, as in other studies,64 there is a relationship between the electrostatic 
potential of the RNA molecule and its biological activity. However, in this case not all the 
electrostatic interactions affect the activity in the same way. The RNA-QSAR predicts that the 
possibility of a sequence acting as an mps decreases by a factor of 4.664 per unit of electrostatic 
potential considering isolated nucleotides (0ξM). Conversely, variations of electrostatic potential 
(1ξM) due to secondary structure folding65 (direct covalent and/or hydrogen bonds) increase by a 
factor of only 0.991 the possibility of sequence to act as mps. Finally, long-term electrostatic 
interaction potentials (2ξM, 3ξM, 4ξM) do not correlate with the mps activity. The detailed results 
of the forward stepwise analysis are given in Table 2.  
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Table 2. Forward stepwise LDA summary results 
Variables % Total %mps %control λ F P 

0ξM 93.16 82.22 96.44 0.41 842.97 0.00 
 0ξM    0.40 859.49 0.00 
 1ξM 96.58 85.19 100.00 0.41 38.80 0.00 
 0ξM    0.48 626.18 0.00 
 1ξM    0.38 3.04 0.08 
2ξM 96.58 85.19 100.00 0.38 0.92 0.34 

The re-substitution technique was used to validate the model. Four different training and 
external predicting series groups were created interchanging at random 25% of the RNA 
molecules among them. The re-substitution accuracies and the average re-substitution accuracy 
(rs-average) were rs1 = 95.9%, rs2 = 96.6%, rs3 = 96.6% and rs4 = 96.5%, respectively, with the 
average rs-average = 85.7. Details of the classification matrices and other parameters for training 
and re-substitution experiments are given in Table 3.  

Table 3. Robustness summary results 
Train (96.6%) %  mps cs  Average (96.5%) %  mps cs 

mps 85.2 115 20 mps 84.9 86 15 
cs 100.0 0 450 cs 99.9 1 337 

rs1 (96.6%) %  mps cs rs2 (96.6%) %  mps cs 
mps 86.3 88 14 mps 85.1 86 15 
cs 99.7 1 338 cs 100.0 0 342 

rs3 (96.3%) %  mps cs rs4 (96.3%) %  mps cs 
mps 84.2 85 16 mps 84.2 85 16 
cs 100.0 0 334 cs 100.0 0 335 

 
Over-fitting is a very interesting aspect that is sometimes ignored in QSAR.66 This phenomenon 

can be detected by inspecting model robustness after removing the data in cross-validation. The 
robustness of the model was determined by carrying out the same four cross-validation 
experiments as mentioned above. These involved re-substitution (interchange) of the training and 
predicting series and the results are given in Table 4. In this approach it is important to avoid 
over-fitting phenomenon gaining control over other parameters such as, for example the 
variable-to-cases ratio ρ have to be > 4. The coefficient ρ67 for the present LDA model was ρ = 
N/(Nv + 1) × Ng = 585 / (2 + 1) × 2 = 97.5. Where, the number of variables was Nv = 2 and the 
number of groups was Ng = 2. Finally but yet importantly, we check out chance correlation.68 
Herein, only six variables where explored and two of them entered in the model based on a large 
database of 585 cases.  Consequently, one can expect not chance correlation for the present 
study.69 

Testing of the model fit to data and its robustness – although very important – is not the only 
characteristic of an acceptable QSAR. Details of the overall accuracy of the model are shown in 
Table 4 – not for the data retained to perform the robustness study (Table 3) but for the RNA 
molecules leave-out from the data as external predicting series. It can be seen that the model 
maintains a similar average performance of 84.9% accuracy for mps and 99.9% for cs.  

 
Table 4. Predictability summary results 
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Train (96.6%) %  mps control Average (96.4%) %  mps control 
mps 85.2 115 20 mps 85.3 29 5 

control 100.0 0 450 control 99.8 0 111 
rs1 (95.9%) %  mps control rs2 (96.6%) %  mps control 

mps 84.8 29 5 mps 82.4 29 5 
Control 97.3 1 110 control 99.3 0 111 

rs3 (96.6%) %  mps control rs4 (96.5) %  mps control 
mps 85.3 29 5 mps 85.3 29 5 

control 100.0 0 111 control 100.0 0 111 
 

The data for mps name, sequences, training and cross-validation probabilities for all the RNAs 
used in this work are given in as supplementary materials as Table 2SM and Table 3SM at the 
end of the manuscript. Finally, as far as the simplicity of the model is concerned, the present 
linear QSAR model (two variables: 0ξM and 1ξM) compares very favourably to a previous non-
linear model.70 This non-linear model presented only slightly higher accuracy (97%) but makes 
use of very large space. The success of our RNA-QSAR model can be explained considering that 
2D-RNA structure molecular descriptors encode not only sequences but molecular branching.  
In accordance with the aims of the work presented here, two main conclusions can be drawn 

from the results and discussion. Firstly, the 2D structure of RNA can be encoded with kξM to 
develop QSAR studies in the presence of low sequence homology, as in the mps problem. 
Secondly, there is a very simple linear QSAR model for mps prediction that involves the first 
two members of the kξM series (0ξM, 

1ξM). Also the method probed to be as success for RNA-
QSAR as other previous and new molecular descriptors for other QSAR problems.71-73 
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SUPPLEMENTARY MATERIAL 
Table 1SM. Steps for the calculation of 0ξM and 1ξM to a RNA molecule. 

Step Result 
1 – DNA to RNA atagcgtat        auagcguau 
2- Derive 2D-RNA 
structure using the 
software: 
RNAStructure.     

a1 u2 a3

u9 a8 u7

g4

c5

g6
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5´

 
3- Set potentials φa = 4.7,               φu = 4.6,               φg = 4.8,           φc = 4.5 

4- Build vector 0φ  [ ] [ ]6.4,7.4,6.4,8.4,5.4,8.4,7.4,6.4,7.4,,,,,,,, 987654321 =uaugcgaua ϕϕϕϕϕϕϕϕϕ  
5- Calculate total 

potential (φ) 
φ = 3(φu + φa) + 2φg + φc = 3(4.6 + 4.7) + 2·4.8 + 4.5 = 42 

6-Build  Aπ0 vector 

[ ]109.0,112.0,109.0,114.0,11.0,114.0,112.0,109.0,112.0
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7- Calculate partial 
potentials φj  
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8-Build the 1П 
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Table 2SM. Mycobacterial promoters name, sequences, training and cross-validation 
probabilities  

Gene name Sequence* P Pcv 
M. tuberculosis 
T3 atcgacggccacggctggtctaggacgaggtacccggtaacatgctgggcg 1.00 1.00 
T6 ccgtccagtctggcaggccggaaacatcggtcagcagataggctttaccag 0.98 0.99 
T26 ctgcgagcatcatatgccgcgtgcgtggtgatgcggcaggatgttggacca 1.00 1.00 
T180 gatcactccgagcatgcgcccattgttgtgcatagggcaggatgccctgg 1.00 1.00 
T101 agcgatcgcagccgacgtgatacctgaccgttgttgatagtgtcggcggca 1.00 1.00 
T119 ccccgtgctcgtagtaggcgtccagccgacccgccgctaccatgcacaagt 0.99 1.00 
T125 ccgaggtaaggactgagcatgggcccgataaagtgactattatggatttct 0.82 0.86 
T129 actcgcggcagattacgccgacggttcctggcgtggttcaatattcgccga 0.99 0.95 
T130 actccaacaggtcgataacctcctgcgcctgctcgtctatgctgcgatccg 0.95 0.96 
T150 gacccccgccacgtattgacactttgcgacacgcttttatcattttccgac 0.43 0.55 
RecA ttcggagcagccgacttgtcagtggctgtctctagtgtcacggccaaccgaccgat 1.00 0.86 
RrnA P1 gagaacctggtgagtctcggtgccgagatcgaacgggtatgctgttaggcgacggtcacct 1.00 1.00 
gyrA gatgggcgaggacgtcgacgcgcggcgcagctttatcacccgcaacgccaaggatgttcggt 1.00 1.00 
cpn60 ccccggcgatccccgtgctcaccacgggtgatttccggggcggcatgcgttagcggactagc 1.00 1.00 
gyrB P1 gatgtccgacgcacggcgcggttagatgggtaaaaacgaggccagaagatcggccctggcgc 1.00 1.00 
gyrB P3 caaggggcctcgccatattgccggtaggggtccgcgcgacacctacggataacacgtcgatc 1.00 1.00 
85A gaagttgtggttgactacacgagcactgccgggcccagcgcctgcagtctgacctaattcag 0.99 1.00 
85A cgcccgaagttgtggttgactacacgagcactgccgggcccagcgcctgcagtctgacctaattcag 1.00 1.00 
gyrB P2 agcggttggcaacgatgtggtgcgatcgctaaagatcaccgggccggcaccatcgtggcgca 1.00 1.00 
rrnA PCL1 tgaccgaacctggtcttgactccattgccggatttgtattagactggcagggttgcccgaaa 0.97 0.98 
16S rRNA tgaccgaacctggtcttgactccattgccggatttgtattagactggcagggttgccccgaa 0.98 0.97 
glnA tcggcatgccaccggttacgatcttgccgaccatggccccacaatagggccggggagacccggcgt 1.00 0.99 
glnA ccaccggttacgatcttgccgaccatggccccacaatagggccggggagacccggcgt 1.00 1.00 
KatG PA ggtcatctactggggtctatgtcctgattgttcgatatccgacacttcgcgatcacatccgtgat 0.94 0.96 
KatG PA atctactggggtctatgtcctgattgttcgatatccgacacttcgcgatcacatccgtgat 0.82 0.85 
katG PB gaggcggaggtcatctactggggtctatgtcctgattgttcgatatccgacacttcgcgatcac 0.99 0.95 
katG PB acgaggcggaggtcatctactggggtctatgtcctgattgttcgatatccgacacttcgcgatcac 0.99 0.99 
katG PC cctgattgttcgatatccgacacttcgcgatcacatccgtgatcacagcccgataacaccaactcct 0.35 0.51 
katG PC ttcgatatccgacacttcgcgatcacatccgtgatcacagcccgataacaccaactcct 0.11 0.17 
purL cggcttgtccgtttccacgcggccgcagcgcgatggggcctagctagactgcctccgtgatgtctcc 1.00 0.78 
purC atctcataccagagataccagcacagggcgccgtcgtgcggcggataggctggcgtgatgcgccccgc 1.00 1.00 
groE caggaagcaagggggcgcccttgagtgctagcactctcatgtatagagtgctagatggcaatcggcta 1.00 1.00 
groE caggaagcaagggggcgcccttgagtgctagcactctcatgtatagagtgctagatggcaatcggcta 1.00 1.00 
ahpC tgtgatatatcacctttgcctgacagcgacttcacggtacgatggaatgtcgtaaccaaatgc 0.52 0.64 
32 kDa acatgcatggatgcgttgagatgaggatgagggaagcaagaatgcagcttgttgacagggttc 0.99 0.88 
10kDa aagcaaggggcgcccttgagtgtcagcactctcatgtatagagtgctagatggcaatcggctaa 0.97 0.97 
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10kDa aagcaaggggcgcccttgagtgtcagcactctcatgtatagagtgctagatggcaatcggct 0.99 0.98 
10kDa aagcaaggggcgcccttgagtgtcagcactctcatgtatagagtgctagatggca 0.94 0.95 
65 kDa gcgtaagtagcggggttgccgtcacccggtgacccccgtttcatccccgatccggaggaatcac 1.00 0.98 
mpt64 gagtctggtcaggcatcgtcgtcagcagcgcgatgccctatgtttgtcgtcgactcagatatcg 1.00 1.00 
metA tccggcccccgcgatttggcgagcttcgtgcgtgttcggtagcctggcatttaccgacgcggggt 1.00 1.00 
rpsL gccgcaacgcccgctttgacctgccagactggcggcgggtattgtggttgctcgtgcctggcggc 1.00 1.00 
38 kDa cgtcgccggactgtcgggggacgtcaaggacgccaagcgcggaaattgaagagcacagaaaggtatg 1.00 1.00 
ppgk cgggccgcagtttaaggtgagggtcatccacgtctcgccgaggagattcgatgaccagcac 1.00 1.00 
M. bovis BCG 
hsp60 P2 cggtgcggggcttcttgcactcggcataggcgagtgctaagaataacgttg 1.00 1.00 
rRNA tgaccgaacctggtcttgactccattgccggatttgtattagactggcagggttgccccgaa 0.98 0.99 
ahpC tgtgatatatcacctttgcctgacagcgacttcacggtacgatggaatgtcgcaaccaaatgc 0.56 0.66 
23K gagtctggtcaggcatcgtcgtcagcagcgcgatgccctatgtttgtcgtcgactcagatatcg 1.00 0.89 
mpb64 gagtctggtcaggcatcgtcgtcagcagcgcgatgccctatgtttgtcgtcgactcagatatcg 1.00 1.00 
18K tggcgtccgaaacacttgaggtgcggcccagcaaggggctacaggttttttccttcacctacgga 1.00 1.00 
64K gcgtaagtagcggggttgccgtcacccggtgacccccggtttcatccccgatccggaggaatcac 1.00 1.00 
rpsL gccgcaacgcccgctttgacctgccagactggcggcgggtattgtggttgctcgtgcctggcggc 1.00 1.00 
Mpb70 tggcgtccgaaacacttgaggtgcggcccagcaaggggctacaggttttttccttcacctacgga 1.00 1.00 
alpha cgactttcgcccgaatcgacatttggcctccacacacggtatgttctggcccgagcacacgacga 1.00 1.00 
M. leprae 
16S rRNA tagtcaacccgggacttgactcctctgctggatctgtattaatctggctgggttgccgaag 0.99 0.99 
18Kda cttgtctatcacaacttgcatcaatatatcgaccagtgctatatcaaatctatgtagtcagga 0.01 0.25 
18 Kda cttgtctatcacaacttgcatcaatatatcgaccagtgctatatcaaatctatgtagtcagga 0.01 0.01 
28-kDa tcaatataaccactctggtcacactaaccatactcgtaccatcaaccgtgtggggctaatcc 0.07 0.06 
groE1 agcagcgggccggccttgagtgctagcactcgcgtgtatagagtgctagatggcagtcggccag 1.00 0.77 
65 kd gaattccggaattgcactcgccttaggggagtgctaaaaatgatcctggcactcgcgatc 0.92 0.94 
36k gttgggtttcctctcggagggcgcaccgctacgttagcgggatg 1.00 0.98 
SOD ggtgggcgcgatcatggcgcagcgttgattatgctagtcg 1.00 1.00 
rpsL cgccgttgggtcgctttgacctgcccgagcagggacgggtattgtgtttctcgttcctgacggct 1.00 1.00 
M. smegmatis 
alrA gtctgcggcctctgggacaatgggcgccggagattatga 1.00 1.00 
S4 aagccgaatcgagaccttttgggttcgtacacacttgctttataagcctcg 0.42 0.56 
S5 aacaagattccgttaatcgtgtctggtggagctggtggtaagcttgatccg 0.97 0.84 
S6 catcgattttaaatttttgatagagtgcaaataa 0.00 0.24 
S12 acctcgttatgcttctggctatttttgatcaacttttatacatgggcggtt 0.32 0.23 
S14 tcaagcacccaagccaacatggttgtagtagtcgttttaccatgtgtacct 0.19 0.22 
S16 tccacgcgaaccgcttcggcgtgccccgttttccctgttataatatcggcg 0.98 0.79 
S18 gatcattgtcttctgttgtctttcgtataaagttgttactg 0.10 0.32 
S19 tttgatgtagccaaaggctctcaccacctgagccatgatagtatccatccc 0.17 0.15 
S21 acatggcatttttcatttaaaacaggactcaggtggtatggttgacatcga 0.99 0.79 
S30 gatcagctatgttcttcagtaaaatttcggctatatgttggtg 0.11 0.33 
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S33 gatccgctcttcttatgatgccagttatggtatctatggttatcg 0.49 0.39 
S35 aactaaagtatgtgccgtaattgacagtgttctagattatgatgctgcatc 0.04 0.16 
S65 ggcacagctcgaagttctactacatggcttgctgaatccagtcacattact 0.22 0.17 
S69 atcacgatgtcttcatgcttggcttcaatgctccggtctacaatcagttca 0.24 0.23 
S119 gatcaagaagccaatgatttgttaaacgcaattaatg 0.00 0.07 
gyrB cagaatcggtgctgtcgctatctcgcggtagactggacgacggatctcaggc 1.00 0.75 
recA agagttcgaccggacttgtcggtggtctgctctaacgtcacggccaaccgatcgga 1.00 1.00 
ask gtttgcccgccgcggcgccccacgatgaaccgcacgggctgacg 1.00 1.00 
acetamidase ggccggcgttcacccttgacttttattttcatctggatatatttcgggtgaatggaaagg 0.91 0.94 
rrnB ctctgacctggggatttgactcccagtttccaaggacgtaacttattccaggtcagagcgac 0.91 0.91 
rrnA P1 gaaaacctggtcagcctcggagccgagatcgagagagtaagctcgtaggaagcaagacc 0.97 0.96 
rrnA P2 ctctgaccaggcgatttgcaatcgcgacgaacctcgtattatctttatgaagtcgccgcgga 0.93 0.94 
rrnA P3 ccgggccagagcgacttgacaagccagccgagatcgtactaagctggcgaggttgcctcaga 1.00 0.98 
rrnA PCL1 ccggtccagagcgacttgacaagccagacaaagcagtattaagctggcagggttgccccaaa 0.83 0.87 
rpsL ccgccgtgcacgagtttgtttcgtcgcggtcgcccctggtattgtggtggatcgtgcctggccc 1.00 0.96 
rpsL cgtgcacgagtttgtttcgtcgcggtcgcccctggtattgtggtggatcgtgcctggcccgaaa 1.00 1.00 
ahpC tgtgatatatcacctttgcctgacagcgacttcacggcacgatggaatgtcgcaaccaaatgc 0.62 0.71 
M. paratuberculosis 
pAJB303 gacgacgagggcggtggcgtcgccggtgtagccgaacggcacgtgcgcgtaggcccagat 1.00 0.91 
pAJB86 ccaccttactcccgatgacgttgcacggctgggattaacggtccgcgtgctccaggagaca 1.00 1.00 
pAJB125 gcaacgagcgcatcattaaagatcgaggcgccgggtcatgtcccttcaccccgcccagctt 0.99 0.99 
pAJB300 tcgagttcaagaccctgacgctggccgacctcggcgcgcagccgaccgcgcagcggtgcacg 1.00 1.00 
pJB305 atccggacgggcagttgttggagtttctgtcggacggttggttggcggcatttccggcgagg 1.00 1.00 
pAJB304 caccaggtacacgccaaggacaacggccgtatccggtaccaacgggtgtgcgagctggacgg 1.00 1.00 
P AN ctggtgaagggtgaatcgacaggtacacacagccgccatacacttcgcttcatgcccttacg 0.92 0.94 
pAJB73 gatcggtgtgccgcttgaaccggcccagctcccgctccagggtgacgtgctcgagctc 1.00 0.98 
pAJB301 gatctggcgggcggtccagtacaccgcgagttcgcgcacgctggccggcagcgtcttggacgcccg 1.00 1.00 
M. fortuitum 
repA gagctcgtgtcggaccatacaccggtgattaatcgtggtctactaccaagc 0.84 0.88 
rrnA PCL1 ccaggatgatgcaacttgacttgccggcaagattcgaattaagctggcggggttgccccaaa 0.97 0.94 
rrnA P1 gaaaacctgttgagcctcggagccgagatcgaaagagtagggtcgtaaacagcagtccgggcc 0.99 0.99 
rrnA P2a cgctgaccagccgatttgaccttgtaggcaggcccgcgctaatcttttgaagtcgcgcggagcgg 1.00 1.00 
rrnA P2b ccgggccagagcgacttgacaagccagccgagatcgtactaagctggcgaggttgcctcagaccg 1.00 1.00 
rrnA P3 caggatgatgcaacttgacttgccggcaagattcgaattaagctggcggggttgccccaaaacag 0.96 0.97 
rrnA PCL1 actggggacgaggtcttgacgcccctgatcagatcggtatagactggcagggttgcccgaaa 1.00 0.99 
rrnA P1 gagaacctccgcagtctcggcgccgagatcgagagggtcgcctgaaacatgccgtttacctgc 1.00 1.00 
rrnA P2 aggggacccccctttttgactccgctcagacgtgggctattcttctaaccacaagcccaacgc 0.93 0.95 
rrnA P3 ctggggacgaggtcttgacgcccctgatcagatcggtatagactggcagggttgcccgaaagcaa 1.00 0.98 
M. phlei 
pKGR25 cctgtacaccctcgctgcactcgccgaggacaagcactatcgccccgacgtcccggcctgg 1.00 1.00 
pKGR9 accacgagcacccggtcgtcaggactgcgacactcgatgttgtagacgcactggtgcagcatg 1.00 1.00 
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pKGR38 atctggtcgacctgctcgacgaggtcgatcatcttcttcatctcgccgaacgggatgccctgg 1.00 1.00 
ORF1 acctcatggagcacttcgaggtcactgagcacgcccacgaactacgagaggccgtgggactgg 1.00 1.00 
ORF2 tactttttgtaccgttcgacaccagcggtttccgcttccttgccaatctcctgcaaacaaaccacaatg 0.34 0.51 
Mycobacteriophage I3 
rrnA P4 gccaaaaccgggaatttgactcaggttcacgaacttgatacggtttccgagcgcccgaaag 0.88 0.90 
rrnA P1 ggcgggtctagtggcggacggcgtcacagaggtatacgatgtgtttcatatcgaccgcggttac 1.00 0.97 
rrnA PCL1 gcccccgacccgaagttgactcaagttcattggacttggtacagtggtcgggttgccctgaa 0.99 1.00 
rrnA P2 gccaaaaccgggaatttgactcaagttcaccgaacttgatacggtttccaagtcgctcgg 0.80 0.85 
rrnA P3 gccaaaaccgggaatttgactcaagttcaccgaacttgatacggtttccaagtcgctcggaa 0.57 0.63 
pKGR1 acacagaccaggagctcgacatgaccgccaccgccccctacagcgtcatctggttcgaaggcac 

cccggat 0.99 0.83 

Mycobacteriophage L5 
71 P2 tacctgtcacaaggtttgctaccgagtggggcaggccgctacatttacgaccgcgtaacgcca 0.99 0.99 
71 P left tttgcgattagggcttgacagccacccggccagtagtgcattcttgtgtcaccgcagcagc 1.00 0.99 
71 P1 acaactgaatatggttccgcagacgcaactaaattaggggtatccttgacaggcaccaacat 0.11 0.33 
M. avium 
Avi-3 gccggcgatcgtgggctgataagtcttatcgggcatactataagtgtagtgggaaatatcacct 0.96 0.75 
pLR7 agccttgttggcggccaactgccggacgatcgcggcggccatcgtcctcgagctcggccccgtgc 1.00 0.99 
M. neoaurum 
rrnA PCL1 gcgagacagagaagcttgactcgccagacaagatagtttaagctggcagggttgccccgaa 0.97 0.98 
rrnA P1 gaaaacctggtcagcttgggcgccgggatcgagcgagtacactcgtaagagaccggtcgagtg 1.00 0.99 
rrnA P3 gcgagacagagaagcttgactcgccagacaagatagtttaagctggcagggttgccccgaaacg 0.98 0.98 
rrnA P2 ctctgaccagcggatttgacttccgaaggcacaaagttctaatcttttgaagtcgccgcggggag 0.97 0.97 
M. abscessus 
rrnA P4 ggcgggtctagtggcggacggcgtcacagaggtatacgatgtgtttcatatcgaccgcggttac 0.88 0.90 
rrnA P1 gcccccgacccgaagttgactcaagttcattggacttggtacagtggtcgggttgccctgaa 1.00 0.97 
rrnA PCL1 gccaaaaccgggaatttgactcaagttcaccgaacttgatacggtttccaagtcgctcgg 0.99 1.00 
rrnA P2 gccaaaaccgggaatttgactcaagttcaccgaacttgatacggtttccaagtcgctcggaa 0.80 0.85 
rrnA P3 ccaaaacccggagtttgactcaagttcaccgaacttgatcggttcccgggccgcttacaa 0.57 0.63 
M. chelonae 
rrnA P2 ccaaaacccggagtttgactcaagttcaccgaacttgatcggttcccgggccgcttacaa 0.98 0.88 
rrnA P1 ggcggggttagtggcggatggcgtcaccgaggtatacgatgtgtttcatatcgaccgcggtta 1.00 0.99 
rrnA PCL1 ccccagaacccgaagttgactcaagttcattggacttggtacagtggtcgggttgccctgaa 0.97 0.98 
rrnA P3 gccaaaaccgggaatttgactcaagttcaccgaacttgatcggtttcccagccgcccgaaa 0.50 0.62 
rrnA P4 gccaaaaccgggaatttgactcaagttcaccgaacttgatacggtttccgagccgcccgaaa 0.54 0.53 

* In this work we used a classical representation of a nucleic acid sequences. Please note that 
there are only four letters “a, t, g, c” for a DNA sequence. The letters represent different classes 
of nucleic acid bases. 
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Table 3SM. Mycobacterial promoters and control group name, sequences, training and cross-
validation probabilities  
 

number Sequence* P Pcv 
1 tacaataattggttaaattatataaccttctgtacacagtgac 1.00 0.89 
2 tacatagccttgttgaccgaaaattccctagctag 0.99 0.99 
3 agttctccgcattcacgggatttataacgtcatgtaagaaaaattaaatagcagctgtt 0.99 0.99 
4 tccgcgtgggtattagcttatatgacccaacaattaaaatgag 0.98 0.99 
5 tttgtgtgagccataatttcgttgatccgagtcac 0.78 0.84 
6 attcccaatttagcaagagctccatttacaaagtcaaca 1.00 0.93 
7 cgagttgatacttgacatggattataataaaaagatctatactgctatgagaggagtag 0.98 0.99 
8 agaaggctttatatgaagactttgagatctatgacaataacagatgtagatatac 1.00 0.99 
9 tgaaatttcaatcagtatctatggagccatgtatagatggctctcgtacttattatcatttggttaagtt 0.90 0.92 
10 gcaactccgggataacaaactcgagaggtagtacaacaacacctcaaacat 1.00 0.97 
11 tccaagccgtccaaaatgagtctattaaggctttattaaaagtaactatcccatctaag 1.00 1.00 
12 ctcggtttaataaattaactgtggcctagagatcgttgg 0.81 0.87 
13 ctgagtgaataaatttacttacatgttctcctgattata 1.00 0.94 
14 caagaacccggagtatcaccggtatataaagactagtcgtgat 0.95 0.97 
15 tatgggcaaagtatatatatagcgagatgtaaccatagactagatat 1.00 0.98 
16 tcagatcccctgcgggaagatcttagtatacacttttgctcag 0.79 0.85 
17 tcaatactacagttgagattctataaaaaaatcctgcttaaagaacttcaaaaaa 1.00 0.94 
18 tccactagcaaaatcagtgttggaaagagctaaatgaaacggagctactctatatattgtaccagct 0.97 0.98 
19 acgctaataaataggtcgtccgcgataaacgagctaaagaaaacgattaac 1.00 0.99 
20 tatgatttcccaaaaaccaatacggttagtatacgagattgcacgtc 1.00 1.00 
21 tggcataaatccgattctgaaagttagaattcaatcatcgagagcgtaatcttcgcatt 0.98 0.98 
22 gaactctcgtagatcctcttttcaggttgtgtacgaattatagaatc 0.96 0.96 
23 attcacatcagcttcattccctctcgcttctataccctt 1.00 0.98 
24 taacccttactaacaggtttgtacttaatgcttaatctgatacagagacgctgcactagcgtgccta 0.88 0.91 
25 tcgccacagcttcctaatagaaagttctgctactttccatccacaatattatggcttcctgta 0.95 0.93 
26 gtctacatttagtccactcaaaaataggtttttccaataagacactactgcacgtcgga 0.99 0.98 
27 ccctcaagatattaacagacaactaccatattttcaaattaacctgtacagtttttgtc 1.00 1.00 
28 gtgttactttcacctatagaccgtctgagggcattcatatcaa 0.95 0.97 
29 ctcctactgcaggatataagtggatctggaaatatgtgacgtataacacggttgt 0.67 0.75 
30 cacgcgaatacggatgtttttataacagataagattaaaccaaaagcacggcttcgtatttggcctcatt 0.95 0.88 
31 gttcaaagcatcctctaatatcgttttatcgacgtcctgctatacatctatagtgcccaacattcgacaca 0.96 0.96 
32 ttgaaataccatgattagagaaacgattctttctagcgacagaaaaaataactgacaataagcgtgttaaa 1.00 0.99 
33 agaacccaatcggaaaccatttattacgagttgactcaaaaaggaaatttagttttgaccattttattccc 1.00 1.00 
34 ggtattccggacagctggaatataatactgatttttttgatcataacatagtttttccgataagctat 0.98 0.98 
35 taaaagtgtttttcggtcaaaagtgaatagtatatgtcgtagaactttaggcttgcagtaagattgg 0.71 0.77 
36 attttaaaagcttgccatataactacacctaggcaaactgttgtcgaatacttttaccgtgcccgat 0.97 0.91 
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37 atcagaaggacgtcttacgttcagctcaccaattcttgttaatacaaggcgtataaatctcta 0.98 0.98 
38 aacgatgggctcaatacgtactagtgtgtttggtttaatcattcgcattaattttacagatac 0.95 0.96 
39 cggcgtagtgcaaatgactcattacattcccacagccgttatcgactatcttatcttgcaatg 0.75 0.80 
40 ccatcggagtacacgactaaaacatgaatttgcgaactcgctttgagcaatggtcaaatcatt 0.94 0.89 
41 agaaatgtcacccaatgtttgaatcttagggaccgcttttatggttagcgtctatctaa 0.86 0.88 
42 tctaaatgttagtaatcaccctcatacagagagaattaaacattgatctagctagatcg 1.00 0.96 
43 caacagtcgaaattgccaaattgaatagcgtccctaattgaaaatgtgtatagggattg 0.96 0.97 
44 ctaccatatgctactttattagaaggcacacgagtaacttccgcagatttcccaa 0.98 0.98 
45 aatacacaaaatataatctatttattttatcagcacttaggctgaccggccggga 1.00 0.99 
46 ctaagtccgactatatctatataccgtctccgcaccagaattgttcatgatcgac 0.96 0.97 
47 aagaacgtagttgctactggtatcgtcgcaggcttcccagaagaaccataaactg 0.67 0.74 
48 ctgttgcaacgattaataatgacgactgggctttgtaaccctggtttcaactctt 0.79 0.76 
49 tcagccaggtaagtctatgcagtaggatttcctctcttatggtttatcaga 0.80 0.80 
50 aaacatcgttaatatgttagatatgtgtgttttcaaaccttcattgcacga 1.00 0.94 
51 agatctacaaatttaggttgaccttaagtgttatcacaatacgattggcgg 0.97 0.98 
52 caattccccttgtgcactcatttaggacatcgttagttgatataagtattt 0.99 0.98 
53 gcgtcaatgatttccttacttttctacaactcagtgactcttctaga 0.99 0.99 
54 cagcgctccttgttagactctatatgatcctattatggtccattatc 0.96 0.97 
55 agaaagaaatagaggcattcgaagatattaacggtacaaccattcac 1.00 0.99 
56 aacaggggtttcgtttgactattttaaattctccatttcttctgaag 0.99 0.99 
57 tccagattcgaacttattacatgatgaatcgtctcaaagtgagacct 1.00 0.99 
58 tgcgaaaagtactaccaatcgaaaaacaagagcagtaagtggcagtt 0.99 0.99 
59 atatggaacaaatttaatcatttgagatttgaaaaataaatac 1.00 1.00 
60 gaagtgtgcttcgtgggaagattttagtcaattgtcaacgtgc 1.00 1.00 
61 gtgaactaacttcaaccacgcgtctagaatcttaaagta 1.00 1.00 
62 aacaacctcgcagttacccgctttctaactcttagacta 1.00 1.00 
63 gctaacattggacggcaacgattaagtaaggtagacatc 0.96 0.97 
64 ctttgtgtagagagtggattttccttggatacaatattt 0.95 0.96 
65 taatccttaaagcctcaggtcgtctttacagcagt 0.98 0.97 
66 tctacttctggatagatagtatctttctccaagtt 1.00 0.99 
67 tttgtgctctctttctacaaaaatgaaccctccga 1.00 1.00 
68 gaaattccgcctgtgagaaatccctgcacatgatg 0.88 0.92 
69 aataattgcgacgtcatctactgaactatttgattctactgtcatgcatcatgacttgataaagaaaaga 0.99 0.96 
70 agttacatcctacgatcaaacagccgctgagagtttttatataaaccgtcgtatctatttcattatagaaa 0.99 0.99 
71 tagggatgatatagttttggaatataccaaaatacttcctgcttcgcgaaaacccatcacagaagatatga 0.98 0.98 
72 tttgttcttcccgctacaaaagccacctccacagtaaagttgctttcgtacaatcgggaatttacaaatgg 0.87 0.90 
73 gtagttagtttaatcttactcgcccgtaattgagctattttagatacgaggaagacagcaatagtagccgg 0.60 0.66 
74 tcatttcaaatctttgctagaagatagtgcataggcttcataataaagcaaaaaaataagagaatcttact 1.00 0.90 
75 gtcgttatgatcagctcctgttgtcgatcaaccgcctcaatctgtaaacccatcagctaaagaaaga 0.82 0.87 
76 attatatacttctatatacgtacatatgtgtattatgtttaatgctgatccctacgctgctaacggc 0.98 0.94 
77 ttaaaaagcatcgagggaatggaacatgttattgcacgaaacctttcctggagattagttaattgac 0.92 0.93 
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78 gaatgtacttattcctatttctttacaatacttcttattcgataatgtcagtccaatgtactcatat 1.00 0.98 
79 tatctcgcaggggaaacaatggaatattcctccacgaaagataaatcaaggttttctcttatacaat 0.99 0.99 
80 cttatgacttaagaaaggacataagcggggtatcgaggtactttgacatgtcaataacttaaa 0.97 0.98 
81 gatgaactgacacgttcatcaatatgtctatgtccaaacgatccttagaagaagataagcaac 0.99 0.99 
82 catcttgtatagcattgacttaatacatgaggctgaaagatcaatacgtcgcatgacgccacc 0.91 0.93 
83 tgcctagctcagttatccattccttaatggaaacctcagccagtgtaagattctatttaaatt 0.99 0.97 
84 atactcattgggcgcaactaccgatccacgtcttatcttaagagaaataaagtaaaaca 1.00 1.00 
85 gagtccaacctaaggacaacgatccaggagatatttccatatgaatttagggatacgac 0.94 0.96 
86 ctaatgccaaaaatgagtatctaaagtgactcactacattgcctaattaatatatccat 1.00 0.98 
87 tgtataaaagtgagactattacagggagttcgttctccggcatttacccaagcagtact 0.78 0.84 
88 tgatgtttatctcgcaatgtcaatgatcgtacgtgagaaacaaatatcctgagta 0.98 0.93 
89 tctttgtccaagcaagtttgctttgagtgcagttatgacattggaatactacatg 0.82 0.86 
90 agttattctttcccacttcagtcactgattagatatggcctaggttaaaaattgg 0.97 0.93 
91 ttataccttgtcaaacgagcctacgcgtgtacaacactgagtcaataaagaagag 0.98 0.98 
92 ccgaacttaatcgtacatgagtccgtcaatgtgacaatataaaaaatctcgacct 1.00 0.99 
93 attccaatactttatatgctatcatgaaccagtatactggtagcaaatggc 1.00 1.00 
94 agtaaagctaccttatataattgctgcttaagtagaagttaaaagaatagg 1.00 1.00 
95 ttaacatactataggggtcatagccctggtaataaactcttcttactcaat 1.00 1.00 
96 tgtatcaagttattacacaaattttcatacccattttccgccatgttttat 1.00 1.00 
97 aaagataatgtcattcttatcttgggctcgtaacagttcaatgacaa 1.00 1.00 
98 gtttgtatggactaggcactagatgaaattatcatactgatccttca 0.99 0.99 
99 agttcgccatgagtattccgaatcattgactaactagaacaaacaac 1.00 1.00 
100 cgctcagttaatttagctctcgaaaggaaagttcttacgcatgtgtc 0.86 0.90 
101 gcttaaagagcacacactatctgggcctgattgatatataaggaagg 0.89 0.88 
102 tgaattaggcacagaacgtgctaggagatatgatgtcataaataaag 0.99 0.96 

103 acttagaggttgcggaatatggccatatccgacaatttaggtagtat 0.89 0.92 
104 taagcatatttttactattcgtctacgtcggagacctccacagatat 0.99 0.96 
105 tttagcacttgcttatatgcagcatacttttctatcggatccgggtt 0.79 0.85 
106 tataatgtttacccaattattaacctactttttgacgttaagc 1.00 0.94 
107 gaatcaataccagactttagtactagtggtactatctcggcgc 0.93 0.95 

108 acaatgattagcctgagcaaactttgagttagcagtagtccac 
0.98

0.97 
109 catcgttgtggtagagcttccatcagttgtattctcacttatg 0.72 0.80 
110 ggactatgcttctaagataatatctccggcatacacttacggt 0.97 0.90 
111 ccgggtaacctagttgtcaagcaaacgaatcaactagtaaatt 1.00 0.99 
112 tgaattacaaaacggtatagatagcaacctttggtcatttgat 1.00 1.00 
113 caatgtgacatactttatccccaattgggtgacacttaa 1.00 1.00 
114 aaacgaatcttataccgagagaatctgacaccagtgtaa 1.00 1.00 
115 caaatcgatatttccaacgataaaccgtgcttctctctg 1.00 1.00 
116 atcagaagacatctactcgagctactttttacaaaatat 1.00 1.00 
117 ccctgaaatactagctgattcatgcagaggacccatact 0.98 0.99 



 20

118 ccagctggtactgattttgtaatttaagtgcatct 0.98 0.98 
119 taatcaaacctacagtagaaccaaggaccagtccg 1.00 0.99 
120 agaatctcattaaaaaggttaggtgattatttttg 1.00 1.00 
121 ctttttttccaccatgcatgtaccctcctaggtat 0.98 0.99 
122 gagaaggataacaaataattctcctgtttagaacatctaagactctaatgaaaggcttatttgcgaagag 0.98 0.98 

123 tacttagccgattcagcactacctttcaaaggtgcgaataccacgttacaactgactagcgattacaatac 
0.94

0.95 
124 accgtacagaaaagatatcaagcgttgatcaatatagtctacttaataaggagcttgataccagcatcatc 0.98 0.97 
125 gttcagaaatccagttatgcttattgaaactataggtgtcataatacagtttaattaaatctccaatcgtt 1.00 0.99 
126 acggcccttgcgtgttaaatatactggtgaacactgaaaactagatattattgtgtttcaatacaaat 0.99 0.99 
127 tacaaacgaaaaaaatagagttactattacctatccccagctaagttctggtgagagcgttttctaa 0.99 0.99 
128 gactctttctcttcgcaataaatggtcgttataaaatattcacttttatctgcatacgattaacatg 1.00 0.99 
129 tactgataagttatagtcatcgtgtattccgacgtaattgacaattccgagaagaaccagttacacg 0.93 0.95 
130 ctcgccgacccaaaaatatcaatttgtcagatgttaaacaatgaattccgtgaggtaagataatccg 0.98 0.97 
131 tgctagttgccaacattttcgtgaccattgacatctggtaaagtgtacatgatcaattgatttgaat 0.92 0.94 
132 gaactccctagtcgaacatgagactactagaattagacgttctgaaacgatctacaaagtttatctt 0.99 0.97 
133 aacgaacagttcgagtgttatagtcaagctaaagctaaacccttcgagatctgaataaattta 1.00 0.99 
134 gttcttaaagatccctgattttgacgttataactcggcatgcttggtatagaagatagagtag 0.72 0.79 
135 agaccacattagttggattcaagtttatcgcgatcgaacccggacttactggttataga 0.79 0.78 
136 agaaggactatcatctttatcgatttattggcaggtcttttaggtacgcatccattgaa 0.90 0.87 
137 tagcctattaaatacaggaaataactataacatctaaaaaaggaattgtcgggtgcgta 1.00 0.97 
138 ctagtaacgtatgcgattgaacggtagtactgatttaagcgatgtgcacaatcagtagt 0.68 0.76 
139 gtttagagtgccgaacgtttatatactacgaataattcgggtacctttcgatacgcact 0.85 0.81 
140 ataggatagtcattattataatcttctggtatgcatatggtacagcaatatacgctgat 0.99 0.95 
141 gcagttaactttcatacagtttacatgcggtaaaaagaacatcaagtatttaaca 1.00 1.00 
142 ctttctcaatcatgctatactaggtcgcatccacgatacgtcagagcataagaaa 0.98 0.99 
143 aaatcactggcgtggaacaactgcaaatttgatactggttgtcatcttcccctca 0.89 0.92 
144 cattgtgcgactatgcttacaaccgaatacataaggacattaaaggagaaaaaca 1.00 0.97 
145 tatagaagaaaccataaacacgaactccatattagtacacgcctagaccgtgata 1.00 1.00 
146 caaatctacactatagaaccgggccgaatatctgtgattgattttcctgaagtcc 0.95 0.97 
147 tacaatagctcaacaaatggtcagtaaaaaatttgcgacggaagtcacacatcct 1.00 0.99 
148 tcgaccaagatccacatttttctgcaatgactttagctaaaactcgattca 1.00 1.00 
149 gtatatattgtgaagcataatgcacagtacaccattaacgctaatctaata 1.00 1.00 
150 gtctctaggcctcatgtgcctacaattttctagctaagactccgtgactaa 0.86 0.90 
151 atagttacagatgctcacactgtgaatattacatcgaataacgcccgtgcc 0.98 0.94 
152 gaccgcgacatctaaatattgaaactaatggaacggctctcgcgtgcattt 0.86 0.89 
153 acttgctaccttcgctgcttttgtaaccgaaatacttggctatgatc 0.91 0.89 
154 tcctacgaagtacaaagaattcgttaatagcgttttcgatcatgagc 0.99 0.96 
155 gccaggatctgagaatatctatgattgaaactaaattgcgtttattc 0.99 0.99 
156 gaaatagcatactccgcgtcagaagtggctagtctcaattcacccag 0.85 0.89 
157 cattcttcaaattaccaagacatacaaagtcagaattaaacaatatg 1.00 0.96 
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158 tcctacatctacacaaaacgtattggcgtacggtagtttcaatcacg 0.98 0.99 
159 acaatctggtattcacgtttgataagtcatatacgtcatgaca 1.00 0.99 
160 agcataaatctctcactgccatagaagttgtttcgcagtctgc 0.94 0.95 
161 cactagtaaattatgaatctcttactgggcgatatcgaagatt 1.00 0.98 
162 taggttgtatttacagtaattcggcttgcaggctccaca 0.80 0.86 
163 cgcttgttatcgtctccaccccaagaatgatatgattta 0.99 0.93 
164 actgaatcttagtgcactttcacttccgcccggccttaa 0.91 0.93 
165 aagcaatggtttgattgtatgaaatatttgagtgcttgt 0.97 0.95 
166 cctcatccagcgtatacatccctggtcactacgcgtact 0.82 0.87 
167 gtcaagcctatctcttagtgcatctgatgtacaaagaat 1.00 0.94 
168 gaaccaattgcttccctcgcatcgcgttatggctttaat 0.86 0.90 
169 tcttaatgcagtccttttattgtattcattatctc 1.00 0.96 
170 catagagtctacagtaacaagcagttgtaccgggc 0.87 0.91 
171 aggcctgaaggattttattgtatgagagagatatt 0.96 0.93 
172 tattattctaattcatgaattgtatgacatgtggagcacttccttgtaatagataagggtagatctgggt 0.83 0.86 
173 aaaacattttaagaataaataggtaaggtcaggctcgccgttgctcaatagagcaagtaatagtgactgaa 0.92 0.90 
174 attttataaaggcactgcacttaaaacgagataaagtccaatgactcgtaaaagtttttgcagtttagact 0.99 0.98 
175 cgattcatcgatttgtcaacactaccaacattactcgtgcatacatttacaatcctcagatttgaag 0.99 0.99 
176 cggtatgaaacttctatttacaacccatccttaacgcttataaaggcgcatcttcaagtgtac 0.98 0.99 
177 cgaccacttaagactggcctgtatcgttttcgtttaagtgtacaatcagccgattaacc 0.80 0.85 
178 atagatcataggttataatcactcctggagtgaacagaaacagtgggacacgctctatc 0.91 0.88 
179 tgtttatcggagaaacatatagcaactttcaatgagtaccacctgaacgtaggacatcg 0.96 0.94 
180 aaccaagaacttgactagcaaatgctacgctaacttgacccttattcaaccttca 1.00 0.99 
181 tagtcgaatcacttgaagatagtttagtgaatactaattgtccccttgcttcata 0.99 0.99 
182 gagcattcatatatctaatatgttcattcaagctattaaggatctagaatcgaac 1.00 1.00 
183 taactttgtttatttaagcgctgtttatatagaataaagttagaaaatctatgat 1.00 1.00 
184 ccaatgcgcgttttttatcaatgctttcaggagttcatcgaatattaaccc 0.98 0.98 
185 acccttggaccatgactgaaatgctcagaaaagatttgaagcggtgaaagc 0.86 0.89 
186 ctgacgctagaccaatttgaagagcctataacacgctgttatcagaaaaag 0.99 0.95 
187 agaattcgtggaatacattagagacatcacgttctttaaacgtactgaggg 0.96 0.97 
188 agtacactcagttccccgaacgacttcaacattttggggagggtaaa 0.81 0.85 
189 gattgccaacattacaggagcttatggaaagcagcctagcgccttta 0.78 0.78 
190 ttccctggtcctatatctacaacataagatactgctgacagtctatg 0.99 0.93 
191 ttaatcatagtcaagattcttatgtagtatacgagggaaagca 1.00 1.00 
192 agatgatgaaagacctaaccgactaacagcggaatcagctata 1.00 1.00 
193 gtgaatcgctaaggagcttattcacttacgggtctctgacaaa 0.88 0.91 
194 aaactggggatgagacaatctacaagatctgtaacgtttttag 0.99 0.96 
195 gaatgtatatttggtggcattacgttcgctatattaatctcag 0.97 0.97 
196 tcccgcgcaagctattataaattatgttataatgctgattagt 1.00 0.99 
197 accagcattgacgggaaagtgcttagtatgttcaaaacg 0.92 0.95 
198 aactctggtaagctgatgaaattatggtactgtacccgt 0.93 0.92 
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199 gcggatacctactcaccaggcaagagtcatccagt 0.77 0.82 
200 gtgaatacgaaccattcaggagaacttataatcgt 1.00 0.93 
201 gtaaagcattatgcgttaagtagtcccgataagat 0.99 0.99 
202 ttcccacgaccctaacgcaattgtacctgtgagac 0.93 0.95 
203 gttctagattcggtacaaggttaaacatatgcctg 0.97 0.96 
204 caacccgtatcaggttatagaaagaaatatacgct 1.00 0.99 
205 tttcacgtcttcatggccaattggatttatggtca 0.92 0.95 
206 gacttcgaagaatccataaccgtaagaaaaactttt 1.00 0.97 
207 gcaaacgatgatagttttgaagataagttacgtaa 1.00 1.00 
208 tccttgtcgatgtaaagtagcgtgttacgatatac 0.95 0.96 
209 acagatgattgacccacgggttacctatcttttacttttgtgcgtgcctcaatatgaagctaatcccaat 0.81 0.84 
210 actcgaaataagctgaatgaattacttctatatggagtgagatcttcttaacagccatttattgatttcaa 0.99 0.95 
211 tcatattaaataaacgtgtgcatatcgtcaaggctgtctgctccatgagtatctgttagttataataccac 0.96 0.97 
212 gaataaatgttttttaatctgaccaatgtatcttgtacatagtaaagacgattacgctgtaagcaaagggc 0.97 0.96 
213 acggccctaatcccgtcaccaaactacttttttgaagcccctgtgatatttgtagtgaacaggttttttat 0.67 0.74 
214 tgtgaattgaaaatgaggctttcacaaaaatggattagcactcaggtttaggagttatttgtgccccaact 0.77 0.74 
215 catttaaaatttagtcgttagctccagaatgcatatgacattattattcctgtcctctccataggaat 0.99 0.94 
216 gcttaagtatacccgatggtaaatgctttacagccagtattcagacaggacttcggatgtaactaaa 0.91 0.93 
217 aaatccacacgttatcacaacagtttacgggctttactattaccaacgtgcattccatagaccctaa 0.99 0.97 
218 tgccttacttttattgggtacctgtttctaccaaaacgcgtattttcattgagtaagcttctatttc 0.91 0.93 
219 gtctagtagagcccatattgaaaggaatttcaaaaggctaaacaacgttcttcacaagagtactgtg 0.96 0.94 
220 agcccagataacgctttgggttcataaactgcccattttcgctagaagtaaatatatgatactcgat 0.95 0.95 
221 atcagagaatactgaagctctatgttgacttaacacatttatagtcgaaatgtaatattatcgttat 1.00 0.99 
222 gatgttgataagttagtaagaatcagaaatgagtcaaaatcgctcctctggcttccatatcta 0.98 0.98 
223 agtctactcgttaatttgtgaacgaaaatcgtctgacaaaatcagctgcaactgttctctgga 0.93 0.94 
224 cacattgttgatatcagcattcggtcatagacgccaatactgtaaatttattgatatggttcg 0.95 0.94 
225 cctctcttaacttacaatagtactatttacaagttcgttctttatgaaataagtatcgtcctt 1.00 0.98 
226 aattcaactaacacaacactttagcaaatctacagtacacttcatgctaggttttccac 1.00 1.00 
227 acttattattataatgctgcagtctatacgaacagatgttgatatatgcaggagatagg 0.98 0.98 
228 acctggcattcctctaataaataacgaaatctacctcggggagtttaaccaggga 0.94 0.95 
229 tgacggagtttatttcgagtgaccatatccgtttagttttatgtaaggtctagaa 0.77 0.82 
230 ttaggaactttagatttgttgttttgctagataaattagcgtgatccctaa 0.99 0.93 
231 gttcgttcgcatataagctcttagcactattcgttatttgtattaatagaa 1.00 0.99 
232 tctcagcggacaagtaccgtcgtacattttaagctagcgtgtgttttaatg 0.57 0.68 
233 atataacatattagtccgaacaggaaggtaagtacaaactgtagtgatgtg 0.99 0.88 
234 aggttcgtaagaactcagaataagacggtaaagaggaatatgattta 0.99 0.99 
235 cataactgaatcgatcattcctatacctgcgttgaataagtagagta 1.00 1.00 
236 cattttaaaggtggaccatgcgacacacaccacatactaatgccctg 0.97 0.98 
237 aaatatcgcgtcgaagttgcaaagtagaccactagaaaatcaa 1.00 0.99 
238 aatgcttgtataacgctgggtgtagatattaaaatgataggta 0.99 0.99 
239 taaaatgactatgcatcacagacagaacctttggcatccaatc 1.00 1.00 
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240 atataattctacttcgctggaaaaataagagtactaatcttac 1.00 1.00 
241 agaagaggtaatgatttgctgctgccattatctggtaacaacg 0.87 0.91 
242 tactgccgaatgatagcacgtccccaattattatgaacatggt 0.99 0.95 
243 tcaccagtaaaaatgagtagccgaaaagagcgtttccta 1.00 0.99 
244 ccattaatattatatcttgagaaaaactcggcacg 1.00 1.00 
245 tctgtgccaagcataaacgattggatcatgctaat 0.99 0.99 
246 gtacacatcgctaacgttagatagcgtataccaaa 1.00 1.00 
247 cataaagaaattgtacatgtaattttccatatgca 1.00 1.00 
248 tacatccatgattggctggtgtgtgttttattagc 1.00 1.00 
249 tgtcaatataagtttccagtagtttcagactatcg 1.00 1.00 
250 cttttgctgacaatctacttatagatatatacttcaataacttctcttaaataaatatcagcgacgtttt 1.00 1.00 
251 gtcggaaaatctatatctggagagaccatttataatcggaataaatgcacatagaacaatctatcacatag 1.00 1.00 
252 cttatcgtatcctaattaatagcaaatcctggaatcacgatatagtcgtttaaaggccttatctccat 0.99 0.99 
253 atatctaaatgctaaggtaccaacagactggttactgtagatacatcttacgatgtgcgtattaccc 0.95 0.96 
254 gatacttagaggttttaatagtactacagacggaggatagatataatatacttagacgtatcaaggc 0.97 0.96 
255 aataagtaggcgtccttataagcatccatctccagatcgtcaggtctctgcactatgaacacgtcac 0.77 0.82 
256 gaaagaacccatataaatcaacaacagtcacaattttcgaatttatgatgatccagctaaatccttt 1.00 0.94 
257 catgaattaacttcgcaaatgtatccaacaagattatgactggtatgagtctatcatgcgcaa 0.99 0.99 
258 tatgaaaattgttggagcagcagtcagagatacatcgggtgtaatagaatcatctattgatac 0.94 0.96 
259 ggtccacatggtaaaactaatcagtaatttcacccccgttggtgacctaccaataggtc 0.85 0.87 
260 ccccatactacccctatatatctgtacaatatatttaattaagagtaggacggagtgct 0.99 0.95 
261 gctgctccatgcatgctttaaactgtacaaggctattcagattagctacttgata 0.95 0.96 
262 atctacctgttacccttacatcgatttgctacagttaagagctagagttatcgca 0.97 0.96 
263 gcgatcagatatgactcatcgatccgtacagtgttctctaaccacaccaaaaata 0.99 0.99 
264 gccatggttatacttaacgtcctcaggttgcaactgaagaatagaaattcagagc 0.92 0.94 
265 ctaacaggttgatcaggatgtcgtaaaccgctttctattccagagtagtcaactc 0.83 0.86 
266 aaatgaaggacgatatactctattccagggttctagcgggtctatacacattgcc 0.81 0.81 
267 aaggattaggcgactacaaatattgagatggccatagttttacgacgcaattgat 0.96 0.92 
268 catcgggagtattaactaatccggacagctaaatatgtattcgtgcaaatcgagt 0.95 0.95 
269 ttaaatcaaaaccctttaccgttcaaattccacacatggaaaactaaatatcgat 1.00 0.99 
270 gcgtattagtttcactccgcaaaacgtcctaccgaaaaaacccctatttaatcgt 0.99 0.99 
271 agctttgcccatctaacgtcgcacgggataatccaattctctatgacaattgcgt 0.80 0.85 
272 taggtcgatcatgtttagtgatcgaaaaaagcgtatacccaataaacattg 1.00 0.94 
273 ctaatgattagtcttattttttttaattattttgtttaagtaacgaa 1.00 1.00 
274 agctccttgccgtaccgcagcaaaatagtactaatgacggtaaccga 0.90 0.93 
275 aacaaatataagacttagtcactgcaatcagcagagacgaatgatta 1.00 0.97 
276 tttggatcagaacctacggtctatgcttaataattctggtgatgatc 0.91 0.94 
277 ttcgaggacactatcgagaactcatggcacgagcgtgataaatcaac 0.90 0.91 
278 aggcaaaagatgacactaaggtggcatgagttattatgtctgagatc 0.85 0.86 
279 tcgtgacttacaaacatcaatcgaaaaaatacagctactattaacat 1.00 0.96 
280 tgaaaccgttgagctcaagattatgagagcaataatatgacacgcct 0.99 0.99 
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281 ataggtctgttgcatagacaagaacgtctattcagtaaaccagttct 0.99 0.99 
282 aacacctactccggtactctcattttcgcttcttagtcaatcg 0.97 0.98 
283 ttgaattgatcgcctcctattctacatactcataaacgtgtcg 0.99 0.99 
284 aatttagatttacgatatgagacaaaaaacatcgtatgtcggg 1.00 1.00 
285 ttaggttcagcccagagaaatattgagtacccgttcgaa 0.95 0.96 
286 agcatcaaatgttttgtgaaaaaactacagtataatgga 1.00 0.98 
287 aagctagtttgtgatcaccaaacggtaacatcagaatca 1.00 1.00 
288 cctatgataatacgagcattcttaatctgacagag 1.00 1.00 
289 gagaccccgtctactcctgaagtaattaaaggcacaaatattcacgataattaagactttttcgtttcat 0.98 0.98 
290 taatctgcctaatcaaatagaacatagatttatgtggcggtatgtccgatatttgctattccatagcggag 0.81 0.85 
291 gttattcttcatcatatcgacaatgcaataggttcataagagaagatcaatgatgtggcttaggtgtaacg 0.86 0.84 
292 acttcagcataagatcaagtggatacaaagttaaatgactgtgacactgcagtaattgttaacgaggagag 0.95 0.93 
293 taagagagcttttataataaaaatttgcggatgataatctcaccgcgactaatcgattgtttcgatagaat 0.98 0.98 
294 gcaaattcaagtatatgattccctagtaagtattgttatcaaaacgcactaaggaatgcagcgtact 0.99 0.99 
295 ccatataaaacataatattacatcaccgaaaactcctgctcaaatttgtgtggttgaagctgtatgt 0.99 0.99 
296 aagtctgtgctatgaacccatctcggtgctcgttctaatcattcatgttaatgcaatggtaatagat 0.85 0.89 
297 tacaaagtcttatccgttttgttgtacaacaaaaggtttctgagataggatgatgccctaagactat 0.96 0.93 
298 tgttacttaagatttatacccagcgagacttagttgtttcctcattccgacctatgaatcatt 0.97 0.97 
299 ccgaatgttttttttttcttatagagaatcttattgcgtgttaaattctaaccattaagaact 1.00 0.99 
300 ttgttccaggtcagagtgtagcatttgacacatactgccaacgtttagactatca 0.86 0.89 
301 gacgacagatggagaattctgctttaatatcagtaatgaaaacgatttgcagaga 0.98 0.94 
302 tacagtattgaatctaaggtaatatcctataagttcgaaactcggtctttaggac 0.99 0.99 
303 attataaatgctaacaacgcacttgaggtaagttcaataaacataaagtgagaat 1.00 1.00 
304 tcaccttcgtcaattaatccttttacaagttaaagggacgtaatatctatcgggt 0.99 0.99 
305 acgcgcatttaatgttatcgatgattttggtggactagagatatgatcgaactat 0.89 0.91 
306 tcgtattatatggtgataaataaatacaccactccggagtgtagcagcaagcttt 0.98 0.95 
307 tgtgtgattcataaccatgccttccctcctgaacctaagctacaagagtaaattt 0.99 0.98 
308 atcccagaaattttacgtttaggtcactatagattcacatgtgaaatgata 1.00 1.00 
309 aaaggacaatactaaataaatacatcaaccctcgttcataatagtacttaa 1.00 1.00 
310 aactctaactttaagatatagggaggattttgataagctacatataggcgt 0.99 0.99 
311 aaaaagttgctaattcgctgtgtagggtagcaagactaacattaaacgttt 0.99 0.99 
312 agagaattccaagcacatgtctatgtacattacttatgaatttaaaa 1.00 1.00 
313 attggaacggacgtgcattgtcaagtgataatatacttttggtctta 0.95 0.96 
314 gtactgcttgcgcacgtagaaaaaaagctgctgaacgaactccctag 0.78 0.83 
315 atcatcgtgcataatacaggtaagagggcataaagtagcgacccatg 0.90 0.87 
316 gaatgattagtatgatcgtatgttaatgtattcgttggatatcggtg 0.78 0.82 
317 gttcagcctctaagataagtacgcagcgaaagatcagtggtgaaact 0.89 0.86 
318 aaccatcattttgcagtaaattcatagattacaacaaggcctacact 1.00 0.97 
319 agaagagcaggggtgcaaaaagaatcataatgataatttaacttgct 1.00 1.00 
320 gtaaacaatctcttttatcttctaggctatacctattacactcaatt 1.00 1.00 
321 taccctatcggtttccgaatacgtgcttaactataatgtttac 0.99 1.00 
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322 cgataaccgcacatttgcgtaaataaataatttagagaggtag 1.00 1.00 
323 tctcagtttatgcccagcggaaatccccagatccagtataaag 0.97 0.98 
324 tgcataaactctattatacacaattaaaagcgggaccaacgat 1.00 0.99 
325 cactgcaacccttaaacacacgtgagaaaatatgaaata 1.00 1.00 
326 gaggcatagtattcgcactgaatatgtggaatgtctacg 0.72 0.80 
327 tcgttgttctcaatgtgagtgtgagtcttattgtaagat 0.79 0.77 
328 ctgattgttagagctccgcaggcaaatccaaatccgaat 0.96 0.91 
329 tacaatatcgatagatggcaccgcacgagccccttacctgtcattcacggatcaattgctttggagaact 0.92 0.93 
330 acctgtcattcacggatcaattgctttggagaact 0.97 0.95 
331 agataagttggattatatgcgtcggattcctatct 0.97 0.97 
332 ttatatcatatgtaaagaatctattcacttgctct 1.00 0.99 
333 ttagacttgagaaggtagcgaaattaagtacctcggtattaagttgctgaaaataatactcctactaa 0.99 0.99 
334 gcaactcattccgcctaaacttaatgaactagctttcgtggacctgttttggtcggttatcaatcaa 0.74 0.80 
335 ataaacctagaatcatgttcgtgcgtcaagatacttgagcacgtggatctaataaactattaatatc 0.99 0.93 
336 atcatgtattattgttgttaaccttgtacgaggatcacctggaccgctcaagagttccataaatgtc 0.80 0.85 
337 tctcttaacgccattaacttacataccttggataattgcaagaccttctagtataactaattacttg 1.00 0.95 
338 tgtatagtattgacaactcttgtgtctgaattatttgtcagctagaacattatcaaaggaacaaact 0.99 0.99 
339 tatatgtcccattcactactaccccttaaatatattacacaacagcatcatcctactagatagaaat 1.00 1.00 
340 gtctgctgattcatgatacaataagaactagattacagcattcgctaataggttaccttatga 0.99 0.99 
341 atttggtgttctgactattatttactggagtatgtgttcaaccgaatactcttagatggtaac 0.89 0.92 
342 tattatagacagatacacaaatctactcgttcaaatcaccacgaaccgattactatgtcccag 1.00 0.97 
343 ctgattatttaagttaatcagggattcacatagcgatctattatagtccaaggacgggg 0.85 0.89 
344 acgtacctagtaaccgacgtgtagtcttccatattgtctgggattttcatgttca 0.68 0.72 
345 agacagacatatgtgataacattttacaagtctagctgtctgcaatgactagtta 0.99 0.91 
346 acattatttgataacgatctcatagtataaaatgggtgtgatggttgttcaactg 0.98 0.98 
347 ggttaaacactcgttgatcataaaaaattgtaagcgaaatgatatgcgtagattt 1.00 0.99 
348 attttccctactagcacagttttagcatgtcttgtagtaaaaatttagttattct 1.00 1.00 
349 ctgtacagaatacttggtacaatcattatgctacactttttagttgactaa 1.00 1.00 
350 aaagaatgattttggtagagtttaattattgctacctttcagtgaacaatc 1.00 1.00 
351 ggtacgtgtttatcaataatatgctaactcactattatatcctatcggtgc 0.99 0.99 
352 tgtacataaccacgtttgcatcgcgttggctggcaacactatccaca 0.80 0.86 
353 cttagttctagcccttgtgttaatcatataaatgtatcttaattttt 1.00 0.94 
354 tatataccttatcgagactagatattaatagcacaagatataagcat 1.00 1.00 
355 agtattctgccagtagttaaaatataatggaattcaatctgttacct 1.00 1.00 
356 tattaatatggaaaacgatcttattcatgagagaccagcagctagct 1.00 1.00 
357 gaaataattaaaattattttattaaattgccgggtgattcatc 1.00 1.00 
358 attcacgctgaagacataagtaataggatttttccctggttac 0.99 0.99 
359 tttatagtccgtacgtacggccgtcatagcaagcaagaaacag 0.90 0.92 
360 tggtgagactaaattttgatttaaaccgttgtgacagtttatg 0.53 0.63 
361 cacctggaattcgcttgactgcctagcatgctcagagatatgt 0.88 0.78 
362 gcctggatgatatatttgtatcgaggctaattgtagtgtcaat 0.96 0.93 
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363 atgaaagactcaaagggtgcctcgaatctcgcgattaattcct 1.00 0.99 
364 tactaggggttaaatatttctacagattggtattggttc 0.97 0.98 
365 aagggggacccgtctgggaattacctaattcagattacc 0.68 0.77 
366 agtctttccatgcagttttaattatggacgattgtacgg 0.90 0.84 
367 ctatacacttttacatacacaagtctcgttttgagtccg 1.00 0.97 
368 tacgcaattatactacccaggcactttgtacttattttt 1.00 1.00 
369 agggattttgtgttaaaagtctgatgtaaatatcaccct 1.00 1.00 
370 tgatatctactcttgttagttaacacaatggtcagtcgt 0.99 0.99 
371 ttaagtgattcaagtatagattagttattctcaca 1.00 1.00 
372 ttttattcattaaagagacgttagcagttgtagat 1.00 1.00 
373 ttacattcatccacaagaggtaagcttagattttt 1.00 1.00 
374 ttatctatgatcaaacagcataaagtcgctctgtt 1.00 1.00 
375 tacttagtacgtaacgggccgacatgatcagtgat 0.81 0.87 
376 tcacctggtgactgctaaatctgatagttgaaatt 0.99 0.94 
377 cgtccgctaaccaaatcattattttagcgttgcgatatgtggagagtagataatcaaccctattaatcac 0.97 0.97 
378 aaatatagcctttatctactcttatgttgcggcaggtccgagaattattgacaagatcacttgaagattca 0.88 0.90 
379 actgttacatacttcaacggaacacgtaaacaacctgcttctacgataagtcccttgtatccgggtat 0.90 0.89 
380 ttgtaatacccttaataagagatcttacaatgccactactaaatcccgaatcatcttgcgctataca 1.00 0.97 
381 aacttgaaagccggaagcggaataaactttgtattaactgtccttaaagtttctattacgatggtac 0.96 0.97 
382 tccatgcctttatcgcattttaatggtattcttagatattcatcatgtgcctactaagtcttaagcc 0.97 0.96 
383 aaaaggaccatccagattaacaaaggaccacacttttgacagtctagttgtccctcccgagtacgtt 0.88 0.90 
384 gcagcaagcttcatacaaacacgccaattcctagttaagttgataattcaactgccaaacgcg 0.98 0.95 
385 atgataagttaaatcgcagatgtgcttaaatggtatgaataaaaacgtcctggaagattaaat 1.00 0.99 
386 gaaagtcggcctctgtagataacactatacaccatagaagactcctgcatgaaagtgattcct 0.94 0.96 
387 cagttctgagtacatagaaattagcatgtatatcccgcgtagtaattctattcggtaga 0.95 0.95 
388 cttcttaaatagctatgggccgagtacacacagaaccgggtcagctagcatatatcctc 0.70 0.77 
389 cacacagtttttaatcgaacgctgctatctatcatcatgaaccctgtctttgaagcttg 0.93 0.87 
390 cgccaattcgaattaaatcgcataggactgtctacgtgtctcgaaacgacctagc 0.82 0.85 
391 attttagcgaagggcggaccatcgaagataaccgattatacccactcacatcttg 0.88 0.86 
392 actagtaccggattgaaaaggactgaattcctagatgcatcttcaactactccct 0.98 0.95 
393 gtcagaagatacttaataatatattgatctatggaccctgaaacctgctga 1.00 0.99 
394 gtgtttacattgtcgattatatcatcacaaggcccagcatatatttagtaa 1.00 1.00 
395 tgacagtgaagttaatcatatgcttattatatttatcactggttctcacaa 1.00 1.00 
396 actgtaattcttatattagcttttcttgcttttacattataagtaccccca 1.00 1.00 
397 aagaaatgtcgcagcaaaaaaggcaacaatttagatacccagcgtttggac 0.99 0.99 
398 atatgaagaccacacaagtctgaattgtgtttgaaaccgcggtgctaaaac 0.97 0.98 
399 agaaattaagagccaaacctaagaaatgcgtatgggcgttgcgtatcatac 0.96 0.96 
400 ggtgttacatgaaaacctagataaccgtctaatagattcataaaata 1.00 0.99 
401 tgtaattacagaaacgatctgtggacgcatatgccaatatgcgattc 0.98 0.98 
402 ggaaataaccaggattactttgatatgactttagctgctaccataac 1.00 0.99 
403 aaagggctaaaatgagcaacaatagagaccccatttggcttcgtatt 0.99 0.99 
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404 atcactttcgggtgtcgttatcagaatatggttaaaattgtta 0.99 0.99 
405 tggagatttaatagatatctccttgctattgcacatcgcagaa 0.99 0.99 
406 agtatgcgaatactccacccctcacaaaaaactaatcaatgcc 1.00 1.00 
407 atacttaaatgttgatattttgtcggcgggtttaagtgcagac 0.88 0.92 
408 catagtacattcttatgacaaagctatgattgttaatttcttc 1.00 0.96 
409 agcgaagcacgactaagaagcttgaatgcgtggatgcataacc 0.76 0.83 
410 ttgagaaaagtcgttatgcaaacggagtcccattatctatttg 0.98 0.92 
411 cactattcggccacaacttaacgtacacattacgcagaagggt 0.98 0.98 
412 ccggttcataacatatcagatacgcaataggtactctca 1.00 0.99 
413 tcacgatttgccgaaaaaaacgtatccccaaagagaggg 0.98 0.99 
414 ttttggaagtaacagatctgaatcccgaaatccactatg 1.00 0.99 
415 cccataaatatatgtcgcaagtgtaaacttaaagg 1.00 1.00 
416 ctaacaatgattgacgaggtcgcattgagtaaatc 0.99 0.99 
417 cgttaactagacatatttggtttaattcgttacta 1.00 1.00 
418 tgatgcttcatagcagtgttttaggtttgaccgttatgactcaatgttaatttagccaatctttcaattca 0.92 0.94 
419 acgcaaaaacgttctagtagtatagctaaaccaataatataattaaataatgttcgacaacatcaacaaaa 1.00 0.98 
420 taagaccctactaggaaaacgacaaatatcttacaacggttccacccatccaacacatgactctcttagag 0.99 1.00 
421 ggtccgagggataaaagactgatagagtacatcctcaataagtataatggtaaaagactgagggtaatcct 0.83 0.87 
422 attgaatttcacacactttacagagtagataatatctccgcacagtctattcgtgtgaatggctctat 0.96 0.93 
423 caggagtcgccctaattgagctaacgaaccaggacattcgcgcaacgcatcacatttattcatgaat 0.71 0.77 
424 atgattggtttttatgacggtatactatgaccacaactaaatgtctttcgtaggtgttcccca 0.87 0.83 
425 atcaaatacgagagagcggaaaaacttgatctaatcagggcatgaaaggttttttatcgtcta 0.97 0.94 
426 ttacattaaatgaaaacctcctagtaataagtatctgtcgatcgcaaaccggtaagtaaaatg 1.00 0.99 
427 aaacgggtctactggatgttagtactaattgtatatgaagaaaaccactaaatttatgcccag 0.99 0.99 
428 gaagttaaaagtcgaatttgagcatccctgatttttagagcatttagcctcaaggtcaataat 0.99 0.99 
429 cgcagtgaagagtaggtattcagtacacgcgacacccggaccgtaagcatacaattatagatt 0.61 0.70 
430 gctcgcttacatactcgcagcctaatacaacacgtatctagtccatagttattgtggta 0.93 0.85 
431 cttgaatattgacttaacagttacaatataagaattaactgacgaagagtggcgccgtg 0.96 0.95 
432 ccccaaagagatcgcctaatgccaacataccatgataacttttatacaaccctgatcgg 0.99 0.98 
433 tgtcctgatctctaccggattggactagactagtaaatattgaaatacattgggtgaat 0.92 0.94 
434 gtaacgtgcttaagcaattaccacaactctcatggatatagtacgatagatgtttaagt 0.99 0.97 
435 acattagtctgcaaacctctagcgtacaagcctttcgtgacgagtacagcataaa 0.96 0.97 
436 ttagcgtgggaaacagttgatataagccgcactaactaagcgcaaatttgctgaa 0.91 0.93 
437 tatcctgcatattacttttctagtattatacatattgtatcatataggtgcagct 1.00 0.97 
438 acctcgtgttattcggagtatacaagttcccgtgtttctgtgaagtagatttatt 0.67 0.75 
439 agtataaatctccatatatacacgcattcgctcatgatttatagccccaca 1.00 0.91 
440 cttttttaacactagctgaaaatgtattcgacttaaacatagacgtaagta 1.00 1.00 
441 tatcttcttccctagctcgatcacaaactgactcgtggtgttcatccagcg 0.58 0.69 
442 agtcagcggacattgggccttatgaatctgttaattctagttttata 0.94 0.84 
443 tcgaacttgcaacaaaattattcacacaatatttaccttgttcacgt 1.00 0.98 
444 tttgctaatcatcccagcaacaagtttaccataatgtaacgcg 1.00 1.00 
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445 tacaccatactaatatcacccgacagactcgacctcaactcgg 1.00 1.00 
446 aaatactagcattatctcactccacatttccctgtgtaactat 1.00 1.00 
447 tacatggtaaagtatcgcggctcgtagtgtacacggtaa 0.55 0.68 
448 tttatagtgcagcagattgtttgcttatatatgtatgac 0.99 0.87 
449 acatacgaataatgtcatcttgtctgtaagggacagatt 1.00 0.99 
450 ttaatcagcggtcggacgtaattgagtagccttca 0.75 0.82 
* In this work we used a classical representation of a nucleic acid sequences. Please note that 
there are only four letters “a, t, g, c” for a DNA sequence. The letters represent different classes 
of nucleic acid bases.  
 

 
 
 
 
 
 

 
 

 




