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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 kZ’;M 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-"€y + 0.991-'&y —
2.432) was intended to predict whether a naturally occurring sequence is an mps or not on the
basis of the calculated “&y; 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 “&y-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.'™
Different mathematical methods have been used for the analysis of genome information. The
group of Professor Grau®’ has reported results on genome algebras. Markov models®™ are also
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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.'’ The use of molecular
descriptors to derive quantitative structure-activity relationships (QSAR)'' is an approach of
major interest. Molecular descriptors'> are numeric indices that codify either molecular or
macromolecular structure. In this sense, Gonzalez'>'* and Morales' have applied molecular
descriptors in macromolecular science. Furthermore, studies published by Roy, Toropov'®'® 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 Randi¢ ef al.'” and by
Hua and Sun® 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.,”' > 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.”!

Researchers worldwide have reported increasing interest in the characterization of the RNA
macromolecular structure by computational techniques.”>® 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. >’>® Two
preliminary studies into secondary QSAR of RNA macromolecules have also been published.*’*
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 (kéM) previously used for proteins QSAR.? In this sense, we intend to predict whether
a naturally occurring DNA sequence is an mps or not on the basis of the “&y 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 Nilsson*® 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 'II matrix (with elements Pii)- " was
built up as a squared table of order n, where n represents the number of nucleotides in the RNA
molecule.

The elements of 'TI (1pij), defined to codify information about the electrostatic interaction

between nucleotides, were defined as:*’"’
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Where, &; is the Kronecker symbol, which equals 1 for covalently or hydrogen bonded
nucleotides and 0 otherwise. The value g is the electrostatic charge for the j"™ nucleotide; and d;
is the topologic distance. The topologic distance is always equal to 1 due to 6;; cutting-off for
long-range interactions. The sum carries over all directly interacting a nucleotides placed in the
same row of II. This sum enables us to calculate the partial potential ;. 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 “m, of absolute probabilities
Api(j). The “pi(j) are the probabilities with which short range electrostatic interactions reach
every j" 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):

Ank:Ano-(IH)k (2)

Where, “my is the vector of the initial probabilities “po(j) with which the j"™ nucleotide begins
an interaction. This vector can be calculated using equation (1), but summing up to the n
nucleotides rather than a. The result of the sum is called the total initial potential ¢. The value of
Ap(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 “pi(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 (“&y). These new molecular
descriptors may be considered as 2D-RNA backbone molecular descriptors:*

kgM:Zi:Apk(j)'%(j) :Ano'kH'O(P :Ano'(ln)k'oq) (3)

The calculation of &y was carried out using our in-house software BIOMARKS 1.0 ©*
(BIOinformatics MARKovian Studies). This software inputs the ct files generated by the
software RNAStructure 4.0.** 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 kc";M is shown in more detail in Table 1. Note that for the
calculation of “€y;, ('IT)° 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, 'TI is used for the calculation of '&y
taking into consideration direct interactions between covalently or hydrogen bonded nucleotides
such as U,-C; and U,-C;.

However, an example of a real numeric calculation is probably the best way to understand
these indices. A detailed step-by-step calculation of “mo, 'II, %6y and 'éy 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:”

l.
2.

3.

*

Obtain the DNA sequence and transform it into the corresponding RNA sequence.
Upload the RNA sequence into the software RNAStructure 4.0* and build the RNA
secondary structure.

Set the initial potentials @o(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.

Build the vector g, whose elements are the initial potentials ¢o(j) of all the nucleotides
in the RNA molecule.

Calculate the total initial potential ¢ as the sum of the initial potentials for all
nucleotides in the RNA molecule.

Build the vector "

Calculate the partial potentials ¢; as sums of the initial potentials @o(j) considering only
interacting nucleotides. These potentials are used as denominators in 'TI elements.
Build the 'TI matrix.

Calculate from €y to €y (six molecular descriptors in total).



Table 1. Definition of the “£y 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, ¢” 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.”™* 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.***’

Several authors have studied the mps problem from the point of view of DNA. For instance,
Mulder et al*® listed —35 and —10 DNA regions of a few mycobacterial promoters.
Mycobacteriophage 13 and M. paratuberculosis mps have been studied by Ramesh and
Gopinathan® and Bannantine ez al.,” respectively. Kremer et al.’' studied the DNA sequences
essential for transcription in promoters like M. tuberculosis 85A4. It is possible that DNA
promoters with a high GC content in the —10 region are the true representatives of the
mycobacterial type.”® An analysis of M. smegmatis and M. tuberculosis promoters by Bashyam



et al.>® showed that there are similarities to E. coli 70 promoters. Strohl’* studied DNA mps for
Streptomyces promoters.

O’Neill and Chiafari™ have also made efforts to develop statistical algorithms for sequence
analysis and motif prediction. Two studies by Mulligan and McClure®® and Mulligan et al.”’
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.”® Our QSAR model attacks the pms problem
from the 2D-RNA-QSAR point of view. QSAR techniques™ 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.”” 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.®’ 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) 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
(kéM) with k in the range [0, 5]. The best discriminant equation found was:

mps = 46648, +0.9911 £, —2.432 (4)

62,63

N=585 A1=041 F=38.8 p<0.001

Where, 4 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)*” was observed. This high C value® indicates a strong linear relationship between the
structural descriptors and the classification of the RNA sequences. The significance of the two
variables (°6y and '&y) in the model was demonstrated with the stepwise analysis (see Table 2).
Conversely, the remnant four descriptors “Ev, *Em, *Em, and &y 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 (°ty). Conversely, variations of electrostatic potential
(‘€u) due to secondary structure folding® (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 (*Eu, *Enm, “Em) do not correlate with the mps activity. The detailed results
of the forward stepwise analysis are given in Table 2.



Table 2. Forward stepwise LDA summary results

Variables % Total Y% mps %control A F P
M 93.16 82.22 96.44 0.41 84297 0.00
&M 0.40 859.49 0.00
gy 96.58 85.19 100.00 041 38.80 0.00
&M 0.48 626.18 0.00
Tem 038 3.04 0.08
2En 96.58 85.19 100.00 038 092 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 852 115 20 mps 84.9 86 15

cs 100.0 O 450 cs 99.9 1 337

sl (96.6%) % mps cs 152 (96.6%) % mps cs
mps 86.3 88 14 mps 85.1 86 15

Ccs 99.7 1 338 Ccs 100.0 0 342

13 (96.3%) %  mps cs rs4 (96.3%) % mps cs
mps 842 8 16 | mps 84.2 85 16

cs 1000 O 334 cs 100.0 0 335

Over-fitting is a very interesting aspect that is sometimes ignored in QSAR.®® 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 p have to be > 4. The coefficient p®’ for the present LDA model was p =
N/(Nv + 1) x Ng =585/ (2 + 1) x 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.”®
Herein, only six variables where explored and two of them entered in the model based on a large
databaésge of 585 cases. Consequently, one can expect not chance correlation for the present
study.

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



Train (96.6%) % mps control | Average (96.4%) % mps control
mps 852 115 20 mps 853 29 5
control 100.0 O 450 control 99.8 0 111
sl (95.9%) % mps control 152 (96.6%) %  mps control
mps 84.8 29 5 mps 824 29 5
Control 97.3 1 110 control 99.3 0 111
153 (96.6%) %  mps control rs4 (96.5) %  mps control
mps 853 29 5 mps 853 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: “Ey and 'Ey) compares very favourably to a previous non-
linear model.” 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 *&y 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 “Ey series (“Ew. '€m). Also the method probed to be as success for RNA-
QSAR as other previous and new molecular descriptors for other QSAR problems.” >
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SUPPLEMENTARY MATERIAL

Table 1SM. Steps for the calculation of "€y and &y to a RNA molecule.

Step

Result

1 — DNA to RNA

atagcgtat —> auagcguau

2- Derive 2D-RNA
structure using the

software:
RNAStructure.

3- Set potentials

P.=4.7, P, =4.6, 0, =4.8, O.=4.5

4- Build vector O(p

(0us s Buss Poas Brss P s P s Puss Pus | = (47, 46, 47, 48, 45, 48 46, 47, 46]

5- Calculate total
potential ()

©=3(Qu+ @) + 205 + e =3(4.6+4.7) + 248 +4.5=42

6-Build “, vector

> > > > > > >

= [0.112,0.109,0.112,0.114,0.11,0.114,0.109 ,0.112,0.109]

7- Calculate partial
potentials

Q =0, +2p, =247 +46=140 (=30, +¢, =34T+46=187  p=20 +¢, +¢, =246+47+48=187

G,=0,+¢,+¢=4T7+48+45=140 @ =20, +¢ =248+45=141 @ =9, +q. +@,=46+45+48=139

@ =2, +, +¢, =247 +48+46=188 @ =3¢+, =346+47=185 @ =2p +¢, =247 +46=140

8-Build the 'TI
matrix

Pr. %0 o o o0 0o o0 o %
al| ¢, ¢ ?
w|fe Lo Pig 9 o L o9 o
(2 ) P, _ _
balo 2o P P o o oo | [03403 0 0 0o 0 0 0 033
o 0 9 o, 025 025 025 0 0 0O 025 0 O
g4l 0 0o Lo P P g o o o 0 025 025 025 0 0 025 0 0
P Pa O 0 0 034 033 033 0 0 0 0
M=cs|0 0 o0 % % P o o o0l=| 0 0 0 03403203 0 0 0
?s Zf Zs 0 0 0 0 0 032 035 033 0 0
C G U
g6t 0 0 0 0 ~= =% ~= 0 0 0 0 025 0 0 026 024 025 0
Ps  Ps  Ps
alo 0 20 o %o e 0 025 0 0 0 0 025 025 025
, o, 0. o 034 0 0 0 0 0 0 034 032]
aglo 2 0 0o o o P P N
Py Qs Pz Py
w022 0 0 0o o o o Lo X
L P9 Dy Py |

9- Calculate OiM

0 n
°\ ="nT'('H ] 20 = “po(i ey (7) = 3x(* poa)xa +"py (u)xg, )+ 2x"py (g Jxq g +py (¢ g

Jj=1

=3x(0.112x4.7 + 0.109 x4.6 )+ 2x0.114 x4.8 + 0.11x4.5 = 4.67

10- Calculate &y

6 (1 | 20=5 0l )= nlah )+ hlahe, +(p 2l ol

+("p\(g4)p,(26)x, +py (5w, =1235
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Table 2SM. Mycobacterial promoters name, sequences, training and cross-validation

probabilities

Gene name  Sequence™ P Pcv
M. tuberculosis

T3 atcgacggccacggctggtctaggacgaggtacccggtaacatgetgggcg 1.00 1.00
T6 ccgtecagtetggeaggecggaaacatcggtcagcagataggctttaccag 0.98 0.99
126 ctgcgagcatcatatgeccgegtgegtggtgatgcggcaggatgttggacca 1.00 1.00
T180 gatcactccgageatgegeccattgttgtgcatagggcaggatgeectgg 1.00 1.00
T101 agcgatcgeagecgacgtgatacctgaccgttgttgatagtgtcggeggca 1.00 1.00
T119 cceegtgetegtagtaggegtccageegacecgeegetaccatgeacaagt 0.99 1.00
T125 ccgaggtaaggactgagcatgggeccgataaagtgactattatggatttct 0.82 0.86
T129 actcgcggcagattacgccgacggttecctggegtggttcaatattcgeecga 0.99 0.95
T130 actccaacaggtcgataaccteetgegectgetegtctatgetgegateeg 0.95 0.96
T150 gacccecgeeacgtattgacactttgegacacgcttttatcattttccgac 0.43 0.55
RecA ttcggagcagccgacttgtcagtggcetgtctctagtgtcacggecaaccgaccgat 1.00 0.86
Rrnd P1 gagaacctggtgagtctcggtgccgagategaacgggtatgctgttaggcgacggtcacct 1.00 1.00
gyrd gatgggocgaggacgtcgacgegeggcegeagctttatcacccgecaacgecaaggatgttcggt 1.00 1.00
cpn60 ccceggegateecegtgeteaccacgggtgatttceggggeggeatgegttageggactage 1.00 1.00
gyrB Pl gatgtccgacgcacggegeggttagatgggtaaaaacgaggecagaagatcggecctggege 1.00 1.00
gyrB P3 caaggggcctcgccatattgecggtaggggtccgegegacacctacggataacacgtcgate 1.00 1.00
854 gaagttgtggttgactacacgageactgecgggeccagegectgeagtctgacctaattcag 0.99 1.00
854 cgcecgaagttgtggttgactacacgageactgeegggeccagegectgeagtcetgacctaattcag 1.00 1.00
gyrB P2 agcggttggcaacgatgtggtgcgatcgctaaagatcaccgggecggeaccatcgtggegea 1.00 1.00
rrnA PCLI  tgaccgaacctggtcttgactccattgecggatttgtattagactggcagggttgecegaaa 0.97 0.98
16SrRNA  tgaccgaacctggtettgactecattgeeggatttgtattagactggeagggttgecccgaa 0.98 0.97
gin4 tcggcatgecaccggttacgatettgecgaccatggeccecacaatagggecggggagaceeggegt 1.00 0.99
ginA4 ccaccggttacgatcttgccgaccatggeccecacaatagggecggggagacceggegt 1.00 1.00
KatG Py ggtcatctactggggtctatgtectgattgttcgatatcegacacttcgegatcacateegtgat 0.94  0.96
KatG Py atctactggggtctatgtcctgattgttcgatatccgacacttcgegatcacatcegtgat 0.82 0.85
katG Py gaggcggaggtcatctactggggtctatgtcctgattgticgatatccgacacttcgegatcac 0.99 0.95
katG Pp acgaggcggaggtcatctactggggtctatgtcctgattgttcgatatccgacacttcgegatcac 0.99 0.99
katG Pc cctgattgttcgatatccgacacttcgegatcacatccgtgatcacageccgataacaccaactect 0.35 0.5l
katG Pc ttcgatatccgacacttcgegatcacatcegtgatcacagececgataacaccaactect 0.11 0.17
purL cggcttgtecgtttccacgeggecgeagegegatggggectagetagactgecteegtgatgtetee 1.00 0.78
purC atctcataccagagataccagcacagggcegecgtegtgeggeggataggetggegtgatgegececge  1.00 1.00
groE caggaagcaagggggcgceccttgagtgctageactctcatgtatagagtgctagatggcaatcggeta 1.00 1.00
groE caggaagcaagggggcgcccttgagtgctageactctcatgtatagagtgcetagatggcaatcggeta 1.00 1.00
ahpC tgtgatatatcacctttgcctgacagegacttcacggtacgatggaatgtcgtaaccaaatge 0.52 0.64
32 kDa acatgcatggatgcgttgagatgaggatgagogaagcaagaatgcagcettgttgacagggttc 0.99 0.88
10kDa aagcaaggggcgceccttgagtgtcageactctcatgtatagagtgctagatggcaatcggcetaa 097 097
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10kDa aagcaaggggcgcccttgagtgtcageactctcatgtatagagtgctagatggcaatcggcet 0.99 0.98
10kDa aagcaaggggcgcccttgagtgtcageactctcatgtatagagtgctagatggea 0.94 0.95
65 kDa gcgtaagtageggggttgecgtcacceggtgacceecgtttcatccecgatceggaggaatcac 1.00  0.98
mpt64 gagtctggtcaggcatcgtcgtcageagegegatgecctatgtttgtcgtcgactcagatateg 1.00 1.00
metA tccggecccegegatttggegagettegtgegtgttcggtagectggeatttaccgacgeggggt 1.00 1.00
rpsL gccgeaacgeccgctttgacctgecagactggeggegggtattgtggttgctegtgectggegge 1.00 1.00
38 kDa cgtegecggactgtcgggggacgtcaaggacgccaagegeggaaattgaagageacagaaaggtatg  1.00 1.00
ppgk cgggcecgeagtttaaggtgagggtcatccacgtectcgecgaggagattcgatgaccageac 1.00 1.00
M. bovis BCG

hsp60 P2 cggtgcggggcttettgcactcggeataggegagtgctaagaataacgttg 1.00 1.00
rRNA tgaccgaacctggtcttgactccattgccggatttgtattagactggcagggttgececcgaa 0.98 0.99
ahpC tgtgatatatcacctttgcctgacagegacttcacggtacgatggaatgtcgcaaccaaatge 0.56 0.66
23K gagtctggtcaggceatcgtegtcageagegegatgecctatgtttgtcgtcgactcagatateg 1.00 0.89
mpb64 gagtctggtcaggcatcgtcgtcagcagegegatgecctatgtttgtcgtcgactcagatateg 1.00 1.00
18K tggcgtccgaaacacttgaggtgcggeccageaaggggctacaggttttttccttcacctacgga 1.00 1.00
64K gcgtaagtageggggttgecgtcacceggtgacccceggtttcatcccegatccggaggaateac 1.00 1.00
rpsL gcegeaacgeecgctttgacctgecagactggeggegggtattgtggttgctegtgectggegge 1.00 1.00
Mpb70 tggcgtecgaaacacttgaggtgeggeccageaaggggctacaggttttttecttcacctacgga 1.00 1.00
alpha cgactttcgcccgaatcgacatttggectecacacacggtatgttctggeccgageacacgacga 1.00 1.00
M. leprae

168 rRNA tagtcaacccgggacttgacteetctgetggatetgtattaatctggetgggttgccgaag 0.99 0.99
18Kda cttgtctatcacaacttgcatcaatatatcgaccagtgctatatcaaatctatgtagtcagga 0.01 0.25
18 Kda cttgtctatcacaacttgcatcaatatatcgaccagtgctatatcaaatctatgtagtcagga 0.01 0.01
28-kDa tcaatataaccactctggtcacactaaccatactcgtaccatcaaccgtgtggggctaatce 0.07 0.06
groEl agcagcgggccggccttgagtgctageactcgegtgtatagagtgctagatggeagtcggecag 1.00 0.77
65 kd gaattccggaattgcactcgecttaggggagtgctaaaaatgatcctggeactcgegate 0.92 0.94
36k gttgggtttcctetcggagggegcaccgcetacgttagegggatg 1.00 0.98
SOD ggtgggcgegatcatggegeagegttgattatgctagteg 1.00 1.00
rpsL cgeegttggategetttgacctgeccgageagggacgggtattgtgtttctegttcctgacggct 1.00 1.00
M. smegmatis

alr4 gtctgeggectetgggacaatgggegecggagattatga 1.00 1.00
54 aagccgaatcgagaccttttgggttcgtacacacttgctttataagecteg 0.42 0.56
S5 aacaagattccgttaatcgtgtctggtggagctggtggtaagettgatceg 0.97 0.84
S6 catcgattttaaatttttgatagagtgcaaataa 0.00 0.24
S12 acctcgttatgcttctggcetatttttgatcaacttttatacatgggeggtt 0.32 0.23
S14 tcaagcacccaagccaacatggttgtagtagtegttttaccatgtgtacct 0.19 0.22
S16 tccacgcgaaccgcttcggegtgeccecegttttcectgttataatatcggeg 0.98 0.79
S18 gatcattgtcttctgttgtctttcgtataaagttgttactg 0.10 0.32
S19 tttgatgtagccaaaggctctcaccacctgagecatgatagtatccatcec 0.17 0.15
S21 acatggcatttttcatttaaaacaggactcaggtggtatggttgacatcga 0.99 0.79
$30 gatcagctatgttcttcagtaaaatttcggctatatgttggtg 0.11 0.33
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$33 gatccgctcttcttatgatgccagttatggtatctatggttatcg 049 0.39
S35 aactaaagtatgtgcegtaattgacagtgttctagattatgatgetgeate 0.04 0.16
S65 ggcacagctcgaagttctactacatggcettgctgaatccagtcacattact 0.22 0.17
S69 atcacgatgtcttcatgettggcttcaatgctceggtetacaatcagttca 0.24 0.23
S119 gatcaagaagccaatgatttgttaaacgcaattaatg 0.00 0.07
gyrB cagaatcggtgctgtcgetatctcgeggtagactggacgacggatctcagge 1.00 0.75
recA agagttcgaccggacttgtcggtggtctgctctaacgtcacggecaaccgatcgga 1.00 1.00
ask gtttgccegecgeggegececcacgatgaaccgeacgggctgacg 1.00 1.00
acetamidase  ggccggegttcaccettgacttttattttcatctggatatatttcgggtgaatggaaagg 091 0.94
rrnB ctctgacctggggatttgactcccagtttccaaggacgtaacttattccaggtcagagegac 091 091
rrnd Pl gaaaacctggtcagcctcggagecgagatcgagagagtaagetcgtaggaagcaagacce 097 0.96
rrnd P2 ctctgaccaggegatttgcaatcgecgacgaacctegtattatctttatgaagtcgecgegga 093 094
rrn4 P3 ccgggecagagegacttgacaagecagecgagatcgtactaagetggegaggttgecteaga 1.00 0.98
rrnd PCLI ccggtccagagegacttgacaagecagacaaageagtattaagetggecagggttgcecccaaa 0.83 0.87
rpsL ccgecgtgeacgagtttgtttcgtegeggtegecectggtattgtggtggategtgectggece 1.00 0.96
rpsL cgtgcacgagtttgtttcgtcgeggtegeecctggtattgtggtggategtgcctggeccgaaa 1.00 1.00
ahpC tgtgatatatcacctttgcctgacagegactticacggecacgatggaatgtcgcaaccaaatge 0.62 0.71
M. paratuberculosis

PAJB303 gacgacgagggcggtggegtcgecggtgtagecgaacggeacgtgegegtaggeccagat 1.00 0.91
pAJBS6 ccaccttactcccgatgacgttgecacggetgggattaacggtecgegtgctccaggagaca 1.00 1.00
pAJBI2S gcaacgagcgeatcattaaagatcgaggegecgggteatgteccttcacccegeecagett 0.99 0.99
pAJB300 tcgagttcaagaccctgacgetggeegaccteggegegeageegaccgegeageggtgeacg 1.00 1.00
pJB305 atccggacgggcagttgttggagttictgtcggacggttggttggeggcatttccggegagg 1.00 1.00
pAJB304 caccaggtacacgccaaggacaacggecgtatceggtaccaacgggtgtgegagetggacgg 1.00 1.00
P AN ctggtgaagggtgaatcgacaggtacacacagecegcecatacacttecgettcatgeccttacg 0.92 0.94
pAJB73 gatcggtgtgccgettgaaccggeccageteecgetccagggtgacgtgctcgagete 1.00 0.98
pAJB301 gatctggegggcggtccagtacaccgegagttcgegeacgetggecggeagegtettggacgeceg  1.00 1.00
M. fortuitum

repA gagctcgtgtcggaccatacaccggtgattaatcgtggtctactaccaage 0.84 0.88
rrnd PCLI  ccaggatgatgcaacttgacttgecggcaagattcgaattaagetggeggggttgecccaaa 0.97 0.94
rrnd Pl gaaaacctgttgagectcggagecgagatcgaaagagtagggtegtaaacageagteegggee 0.99 0.99
rrnd P2a cgctgaccagcecgatttgaccttgtaggcaggeccgegcetaatettttgaagtcgegeggagegg 1.00 1.00
rrnd P2b ccgggecagagegacttgacaagecagecgagategtactaagetggegaggttgectcagaceg 1.00 1.00
rrn4 P3 caggatgatgcaacttgacttgccggeaagattcgaattaagetggeggggttgceccaaaacag 0.96 097
rrnd PCLI actggggacgaggtcttgacgcccctgatcagatcggtatagactggecagggttgcccgaaa 1.00 0.99
rrnd Pl gagaacctccgeagtetcggegecgagatcgagagggtegectgaaacatgecgtttacetge 1.00 1.00
rrnd P2 aggggacccccctttttgactccgetcagacgtgggctattcttctaaccacaageccaacge 093 095
rrnAd P3 ctggggacgaggtcttgacgeecctgatcagatcggtatagactggeagggttgcccgaaageaa 1.00 0.98
M. phlei

PKGR25 cctgtacacccetegetgeactcgecgaggacaageactatcgeeccgacgteeeggectgg 1.00 1.00
PKGRY accacgagcacccggtcgtcaggactgcgacactcgatgttgtagacgecactggtgcageatg 1.00 1.00
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PKGR38 atctggtcgacctgctcgacgaggtcgatcatcttcttcatctcgecgaacgggatgecctgg 1.00 1.00
ORF1 acctcatggagcacttcgaggtcactgagcacgeccacgaactacgagaggecgtgggactgg 1.00 1.00
ORF? tactttttgtaccgttcgacaccageggtttcegcttecttgecaatetcctgcaaacaaaccacaatg 0.34 0.51
Mycobacteriophage I3
rrnd P4 gccaaaaccgggaatttgactcaggttcacgaacttgatacggtttccgagegeecgaaag 0.88 0.90
rrnd Pl ggcgggtctagtggeggacggcegtcacagaggtatacgatgtgtttcatatcgaccgeggttac 1.00  0.97
rrm4 PCLI gcececcgacccegaagttgactcaagttcattggacttggtacagtggtegggttgcectgaa 0.99 1.00
rrnAd P2 gccaaaaccgggaatttgactcaagttcaccgaacttgatacggtttccaagtegetegg 0.80 0.85
rrn4 P3 gccaaaaccgggaatttgactcaagttcaccgaacttgatacggtttccaagtcgetcggaa 0.57 0.63
pKGRI acacagaccaggagctcgacatgaccgecaccgecccctacagegteatetggttcgaaggeac 099 0.83
cccggat
Mycobacteriophage L5
71 P2 tacctgtcacaaggtttgctaccgagtggggcaggccegetacatttacgaccgegtaacgeca 0.99 0.99
71 P left tttgcgattagggcttgacagecacceggecagtagtgcattcttgtgtcaccgeageage 1.00 0.99
71 Pl acaactgaatatggttccgcagacgcaactaaattaggggtatccttgacaggcaccaacat 0.11 0.33
M. avium
Avi-3 geeggegategtgggctgataagtcttatcgggcatactataagtgtagtgggaaatatcacct 0.96 0.75
PLR7 agccttgttggcggecaactgecggacgategeggeggecategtectcgageteggeccegtgc 1.00 0.99
M. neoaurum
rrnd PCL1  gcgagacagagaagcttgactcgccagacaagatagtttaagetggeagggttgcccegaa 0.97 0.98
rrnAd Pl gaaaacctggtcagettgggcgecgggatcgagegagtacactcgtaagagaccggtcgagtg 1.00  0.99
rrnd P3 gcgagacagagaagcettgactcgccagacaagatagtttaagetggcagggttgccecgaaacg 0.98 0.98
rrnAd P2 ctetgaccageggatttgacttccgaaggcacaaagttctaatcttttgaagtcgecgeggggag 097 0.97
M. abscessus
rrn4 P4 ggcgggtctagtggcggacggcgtcacagaggtatacgatgtgtttcatatcgaccgeggttac 0.88 0.90
rrnd Pl geececcgaccegaagttgactcaagttcattggacttggtacagtggtecgggttgccctgaa 1.00  0.97
rrmd PCL1  gccaaaaccgggaatttgactcaagttcaccgaacttgatacggtttccaagtegetegg 0.99 1.00
rrnAd P2 gccaaaaccgggaatttgactcaagttcaccgaacttgatacggtttccaagtegetcggaa 0.80 0.85
rrn4 P3 ccaaaacccggagtttgactcaagttcaccgaacttgatcggttcccgggecgcttacaa 0.57 0.63
M. chelonae
rrm4 P2 ccaaaacccggagtttgactcaagttcaccgaacttgatcggttcccgggecgcettacaa 0.98 0.88
rrnA Pl ggcggggttagtggcggatggcgteaccgaggtatacgatgtgtttcatatcgaccgeggtta 1.00  0.99
rrmd PCL1  ccecagaacccgaagttgactcaagttcattggacttggtacagtggtegggttgeectgaa 0.97 0.98
rrnd P3 gccaaaaccgggaatttgactcaagttcaccgaacttgatcggtttcccagecgeccgaaa 0.50 0.62
A P4 gccaaaaccgggaatttgactcaagttcaccgaacttgatacggtttccgagecgeccgaaa 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, ¢” 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 tacatagccttgttgaccgaaaattccctagetag 0.99 0.99
3 agttctccgcattcacgggatttataacgtcatgtaagaaaaattaaatagcagcetgtt 0.99 0.99
4 tccgegtgggtattagettatatgacccaacaattaaaatgag 0.98 0.99
5 tttgtgtgagcecataatttcgttgatccgagtcac 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 tccaagecegtccaaaatgagtctattaaggctttattaaaagtaactatcccatctaag 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 tcagatccectgegggaagatcttagtatacacttttgetcag 0.79 0.85
17 tcaatactacagttgagattctataaaaaaatcctgcettaaagaacttcaaaaaa 1.00 0.94
18 tccactagcaaaatcagtgttggaaagagctaaatgaaacggagctactctatatattgtaccaget 0.97 0.98
19 acgctaataaataggtcgtccgegataaacgagctaaagaaaacgattaac 1.00 0.99
20 tatgatttcccaaaaaccaatacggttagtatacgagattgcacgtce 1.00 1.00
21 tggcataaatccgattctgaaagttagaattcaatcatcgagagegtaatcttcgceatt 0.98 0.98
22 gaactctcgtagatcctettttcaggttgtgtacgaattatagaate 0.96 0.96
23 attcacatcagcttcattccctctegcttctatacectt 1.00 0.98
24 taacccttactaacaggtttgtacttaatgcttaatctgatacagagacgetgcactagegtgecta 0.88 0.91
25 tcgccacagcttcctaatagaaagttctgctactttccatccacaatattatggcttectgta 0.95 0.93
26 gtctacatttagtccactcaaaaataggtttttccaataagacactactgcacgtcgga 0.99 0.98
27 ccctcaagatattaacagacaactaccatattttcaaattaacctgtacagtttttgtce 1.00 1.00
28 gtgttactttcacctatagaccgtctgagggcattcatatcaa 0.95 0.97
29 ctcctactgcaggatataagtggatctggaaatatgtgacgtataacacggttgt 0.67 0.75
30 cacgcgaatacggatgtttttataacagataagattaaaccaaaagcacggcttcgtatttggectcatt 0.95 0.88
31 gttcaaagcatcctctaatatcgttttatcgacgtcctgctatacatctatagtgeccaacattcgacaca 0.96 0.96
32 ttgaaataccatgattagagaaacgattctttctagcgacagaaaaaataactgacaataagegtgttaaa 1.00 0.99
33 agaacccaatcggaaaccatttattacgagttgactcaaaaaggaaatttagttttgaccattttattccc 1.00 1.00
34 ggtattccggacagctggaatataatactgatttttttgatcataacatagtttttccgataagetat 0.98 0.98
35 taaaagtgtttttcggtcaaaagtgaatagtatatgtcgtagaactttaggcttgcagtaagattgg 0.71 0.77
36 attttaaaagcttgccatataactacacctaggcaaactgttgtcgaatacttttaccgtgeccgat 0.97 091
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atcagaaggacgtcttacgttcagctcaccaattcttgttaatacaaggcegtataaatctcta
aacgatgggctcaatacgtactagtgtgtttggtttaatcattcgeattaattttacagatac
cggcgtagtgcaaatgactcattacattcccacagecgttatcgactatcttatcttgcaatg
ccatcggagtacacgactaaaacatgaatttgcgaactcgcetttgagcaatggtcaaatcatt
agaaatgtcacccaatgtttgaatcttagggaccgcttttatggttagcgtctatctaa
tctaaatgttagtaatcaccctcatacagagagaattaaacattgatctagctagatcg
caacagtcgaaattgccaaattgaatagcgtccctaattgaaaatgtgtatagggattg
ctaccatatgctactttattagaaggcacacgagtaacttccgcagatttcccaa
aatacacaaaatataatctatttattttatcagcacttaggctgaccggecggga
ctaagtccgactatatctatataccgtctccgeaccagaattgttcatgatcgac
aagaacgtagttgctactggtatcgtcgcaggcettcccagaagaaccataaactg
ctgttgcaacgattaataatgacgactgggctttgtaaccctggtttcaactctt
tcagccaggtaagtctatgcagtaggatttcctetcttatggtttatcaga
aaacatcgttaatatgttagatatgtgtgttttcaaaccttcattgcacga
agatctacaaatttaggttgaccttaagtgttatcacaatacgattggegg
caattccccttgtgeactcatttaggacatcgttagttgatataagtattt
gcgtcaatgatttccttacttttctacaactcagtgactcttctaga
cagcgctccttgttagactctatatgatcctattatggtccattatc
agaaagaaatagaggcattcgaagatattaacggtacaaccattcac
aacaggggtttcgtttgactattttaaattctccatttcttctgaag
tccagattcgaacttattacatgatgaatcgtctcaaagtgagacct
tgcgaaaagtactaccaatcgaaaaacaagagcagtaagtggcagtt
atatggaacaaatttaatcatttgagatttgaaaaataaatac
gaagtgtocttcgtgggaagattttagtcaattgtcaacgtge
gtgaactaacttcaaccacgcgtctagaatcttaaagta
aacaacctcgcagttacccgctttctaactcttagacta
gctaacattggacggcaacgattaagtaaggtagacatc
ctttgtgtagagagtggattttccttggatacaatattt
taatccttaaagcctcaggtegtctttacagcagt

tctacttctggatagatagtatctttctccaagtt

tttgtgctctetttctacaaaaatgaacccteecga
gaaattccgcectgtgagaaatcectgcacatgatg
aataattgcgacgtcatctactgaactatttgattctactgtcatgcatcatgacttgataaagaaaaga
agttacatcctacgatcaaacagcecgctgagagtttttatataaaccgtcgtatctatttcattatagaaa
tagggatgatatagttttggaatataccaaaatacttcctgettcgcgaaaacccatcacagaagatatga
tttgttcttcccgetacaaaagecacctccacagtaaagttgetttcgtacaatcgggaatttacaaatgg
gtagttagtttaatcttactcgecccgtaattgagcetattttagatacgaggaagacagcaatagtagecgg
tcatttcaaatctttgctagaagatagtgcataggcttcataataaagcaaaaaaataagagaatcttact
gtcgttatgatcagcetectgttgtcgatcaaccgectcaatctgtaaacccatcagctaaagaaaga
attatatacttctatatacgtacatatgtgtattatgtttaatgctgatccctacgetgetaacgge
ttaaaaagcatcgagggaatggaacatgttattgcacgaaacctttcctggagattagttaattgac
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gaatgtacttattcctatttctttacaatacttcttattcgataatgtcagtccaatgtactcatat
tatctcgcaggggaaacaatggaatattcctccacgaaagataaatcaaggttttctcttatacaat
cttatgacttaagaaaggacataagcggggtatcgaggtactttgacatgtcaataacttaaa
gatgaactgacacgttcatcaatatgtctatgtccaaacgatccttagaagaagataagcaac
catcttgtatagcattgacttaatacatgaggctgaaagatcaatacgtcgcatgacgecacc
tgcctagctcagttatccattccttaatggaaacctcagecagtgtaagattctatttaaatt

atactcattgggcgcaactaccgatccacgtcttatcttaagagaaataaagtaaaaca
gagtccaacctaaggacaacgatccaggagatatttccatatgaatttagggatacgac
ctaatgccaaaaatgagtatctaaagtgactcactacattgcectaattaatatatccat
tgtataaaagtgagactattacagggagttcgttctccggeatttacccaagcagtact

tgatgtttatctcgcaatgtcaatgatcgtacgtgagaaacaaatatcctgagta
tctttgtccaagcaagtttgctttgagtgcagttatgacattggaatactacatg

agttattctttcccacttcagtcactgattagatatggcctaggttaaaaattgg
ttataccttgtcaaacgagcctacgcgtgtacaacactgagtcaataaagaagag
ccgaacttaatcgtacatgagtccgtcaatgtgacaatataaaaaatctcgacct
attccaatactttatatgctatcatgaaccagtatactggtagcaaatggce
agtaaagctaccttatataattgctgcttaagtagaagttaaaagaatagg
ttaacatactataggggtcatagccctggtaataaactcttcttactcaat
tgtatcaagttattacacaaattttcatacccattttccgccatgttttat
aaagataatgtcattcttatcttgggctcgtaacagttcaatgacaa
gtttgtatggactaggcactagatgaaattatcatactgatccttca
agttcgccatgagtattccgaatcattgactaactagaacaaacaac
cgctcagttaatttagctctcgaaaggaaagttcttacgceatgtgte
gcttaaagagcacacactatctgggectgattgatatataaggaagg
tgaattaggcacagaacgtgctaggagatatgatgtcataaataaag

acttagaggttgcggaatatggccatatccgacaatttaggtagtat
taagcatatttttactattcgtctacgtcggagacctccacagatat
tttagcacttgcttatatgcagcatacttttctatcggatccgggtt
tataatgtttacccaattattaacctactttttgacgttaagc
gaatcaataccagactttagtactagtggtactatctcggecgce

acaatgattagcctgagcaaactttgagttagcagtagtccac
catcgttgtggtagagcttccatcagttgtattctcacttatg
ggactatgcttctaagataatatctccggeatacacttacggt
ccgggtaacctagttgtcaagcaaacgaatcaactagtaaatt
tgaattacaaaacggtatagatagcaacctttggtcatttgat
caatgtgacatactttatccccaattgggtgacacttaa
aaacgaatcttataccgagagaatctgacaccagtgtaa
caaatcgatatttccaacgataaaccgtgcttctctctg
atcagaagacatctactcgagctactttttacaaaatat
ccctgaaatactagetgattcatgcagaggacccatact
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ccagctggtactgattttgtaatttaagtgcatct
taatcaaacctacagtagaaccaaggaccagtccg
agaatctcattaaaaaggttaggtgattatttttg

ctttttttccaccatgcatgtaccctcctaggtat
gagaaggataacaaataattctcctgtttagaacatctaagactctaatgaaaggcttatttgcgaagag

tacttagccgattcagcactacctttcaaaggtgcgaataccacgttacaactgactagegattacaatac
accgtacagaaaagatatcaagcgttgatcaatatagtctacttaataaggagcttgataccagcatcatc
gttcagaaatccagttatgcttattgaaactataggtgtcataatacagtttaattaaatctccaatcgtt
acggcccttgegtgttaaatatactggtgaacactgaaaactagatattattgtgtttcaatacaaat
tacaaacgaaaaaaatagagttactattacctatccccagctaagttctggtgagagegttttctaa

gactctttctcttcgcaataaatggtcgttataaaatattcacttttatctgcatacgattaacatg
tactgataagttatagtcatcgtgtattccgacgtaattgacaattccgagaagaaccagttacacg

ctcgcegacccaaaaatatcaatttgtcagatgttaaacaatgaattccgtgaggtaagataatccg
tgctagttgccaacattttcgtgaccattgacatctggtaaagtgtacatgatcaattgatttgaat
gaactccctagtcgaacatgagactactagaattagacgttctgaaacgatctacaaagtttatctt

aacgaacagttcgagtgttatagtcaagctaaagctaaacccttcgagatctgaataaattta
gttcttaaagatccctgattttgacgttataactcggeatgettggtatagaagatagagtag

agaccacattagttggattcaagtttatcgcgatcgaacccggacttactggttataga
agaaggactatcatctttatcgatttattggcaggtcttttaggtacgcatccattgaa
tagcctattaaatacaggaaataactataacatctaaaaaaggaattgtcgggtgcgta
ctagtaacgtatgcgattgaacggtagtactgatttaagcgatgtgcacaatcagtagt
gtttagagtgccgaacgtttatatactacgaataattcgggtacctttcgatacgeact
ataggatagtcattattataatcttctggtatgcatatggtacagcaatatacgctgat
gcagttaactttcatacagtttacatgcggtaaaaagaacatcaagtatttaaca
ctttctcaatcatgctatactaggtcgcatccacgatacgtcagagcataagaaa
aaatcactggcgtggaacaactgcaaatttgatactggttgtcatcttcccctca
cattgtgcgactatgcttacaaccgaatacataaggacattaaaggagaaaaaca
tatagaagaaaccataaacacgaactccatattagtacacgcctagaccgtgata
caaatctacactatagaaccgggccgaatatctgtgattgattttcctgaagtec
tacaatagctcaacaaatggtcagtaaaaaatttgcgacggaagtcacacatect
tcgaccaagatccacatttttctgcaatgactttagctaaaactcgattca
gtatatattgtgaagcataatgcacagtacaccattaacgctaatctaata
gtctctaggectcatgtgectacaattttctagetaagactccgtgactaa
atagttacagatgctcacactgtgaatattacatcgaataacgcccgtgcee
gaccgcgacatctaaatattgaaactaatggaacggcetctcgegtgcattt
acttgctaccttcgetgcttttgtaaccgaaatacttggctatgate
tcctacgaagtacaaagaattcgttaatagegttttcgatcatgage
gccaggatctgagaatatctatgattgaaactaaattgcgtttattc
gaaatagcatactccgcgtcagaagtggctagtctcaattcacccag
cattcttcaaattaccaagacatacaaagtcagaattaaacaatatg
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tcctacatctacacaaaacgtattggcgtacggtagtttcaatcacg
acaatctggtattcacgtttgataagtcatatacgtcatgaca
agcataaatctctcactgccatagaagttgtttcgcagtctge
cactagtaaattatgaatctcttactgggcgatatcgaagatt
taggttgtatttacagtaattcggcttgcaggetccaca
cgcttgttatcgtctccaccccaagaatgatatgattta
actgaatcttagtgcactttcacttccgeccggecttaa
aagcaatggtttgattgtatgaaatatttgagtgcttgt
cctcatccagegtatacatccctggtcactacgegtact
gtcaagcctatctcttagtgcatctgatgtacaaagaat
gaaccaattgcttccctcgeatcgegttatggcetttaat
tcttaatgcagtccttttattgtattcattatcte
catagagtctacagtaacaagcagttgtaccgggc
aggcctgaaggattttattgtatgagagagatatt
tattattctaattcatgaattgtatgacatgtggagcacttccttgtaatagataagggtagatctgggt
aaaacattttaagaataaataggtaaggtcaggctcgecgttgetcaatagagcaagtaatagtgactgaa
attttataaaggcactgcacttaaaacgagataaagtccaatgactcgtaaaagtttttgcagtttagact
cgattcatcgatttgtcaacactaccaacattactcgtgcatacatttacaatcctcagatttgaag
cggtatgaaacttctatttacaacccatccttaacgcttataaaggcegcatcttcaagtgtac
cgaccacttaagactggcectgtatcgttttcgtttaagtgtacaatcagecgattaace
atagatcataggttataatcactcctggagtgaacagaaacagtgggacacgctctatc
tgtttatcggagaaacatatagcaactttcaatgagtaccacctgaacgtaggacatcg
aaccaagaacttgactagcaaatgctacgctaacttgacccttattcaaccttca
tagtcgaatcacttgaagatagtttagtgaatactaattgtccecttgettcata
gagcattcatatatctaatatgttcattcaagctattaaggatctagaatcgaac
taactttgtttatttaagcgctgtttatatagaataaagttagaaaatctatgat
ccaatgcgcgttttttatcaatgctttcaggagttcatcgaatattaacce
acccttggaccatgactgaaatgctcagaaaagatttgaagcggtgaaage
ctgacgctagaccaatttgaagagcctataacacgctgttatcagaaaaag
agaattcgtggaatacattagagacatcacgttctttaaacgtactgaggg
agtacactcagttccccgaacgacttcaacattttggggagggtaaa
gattgccaacattacaggagcttatggaaagcagcectagegcecttta
ttccetggtectatatctacaacataagatactgctgacagtctatg
ttaatcatagtcaagattcttatgtagtatacgagggaaagca
agatgatgaaagacctaaccgactaacagcggaatcagctata
gtgaatcgctaaggagcttattcacttacgggtctctgacaaa
aaactggggatgagacaatctacaagatctgtaacgtttttag
gaatgtatatttggtggocattacgttcgctatattaatctcag
tcccgegceaagctattataaattatgttataatgctgattagt
accagcattgacgggaaagtgcttagtatgttcaaaacg
aactctggtaagctgatgaaattatggtactgtaccegt
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gcggatacctactcaccaggcaagagtcatccagt
gtgaatacgaaccattcaggagaacttataatcgt
gtaaagcattatgcgttaagtagtcccgataagat
ttcccacgaccctaacgcaattgtacctgtgagac
gttctagattcggtacaaggttaaacatatgectg
caacccgtatcaggttatagaaagaaatatacgct
tttcacgtcttcatggccaattggatttatggtca
gacttcgaagaatccataaccgtaagaaaaactttt
gcaaacgatgatagttttgaagataagttacgtaa
tcettgtcgatgtaaagtagegtgttacgatatac
acagatgattgacccacgggttacctatcttttacttttgtgcgtgcctcaatatgaagctaatcccaat
actcgaaataagctgaatgaattacttctatatggagtgagatcttcttaacagccatttattgatttcaa
tcatattaaataaacgtgtgcatatcgtcaaggcetgtetgctccatgagtatctgttagttataataccac
gaataaatgttttttaatctgaccaatgtatcttgtacatagtaaagacgattacgcetgtaagcaaagggc
acggccctaatcccgtcaccaaactacttttttgaageccctgtgatatttgtagtgaacaggttttttat
tgtgaattgaaaatgaggctttcacaaaaatggattagcactcaggtttaggagttatttgtgccccaact
catttaaaatttagtcgttagctccagaatgcatatgacattattattcctgtcctctccataggaat
gcttaagtatacccgatggtaaatgctttacageccagtattcagacaggacttcggatgtaactaaa
aaatccacacgttatcacaacagtttacgggctttactattaccaacgtgcattccatagaccctaa
tgecttacttttattgggtacctgtttctaccaaaacgegtattttcattgagtaagcttctattte
gtctagtagagceccatattgaaaggaatttcaaaaggctaaacaacgttcttcacaagagtactgtg
agcccagataacgctttgggttcataaactgeccattttcgctagaagtaaatatatgatactcgat
atcagagaatactgaagctctatgttgacttaacacatttatagtcgaaatgtaatattatcgttat
gatgttgataagttagtaagaatcagaaatgagtcaaaatcgctcctetggcettccatatcta
agtctactcgttaatttgtgaacgaaaatcgtctgacaaaatcagetgcaactgttctctgga
cacattgttgatatcagcattcggtcatagacgccaatactgtaaatttattgatatggttcg
cctctcttaacttacaatagtactatttacaagttcgttctttatgaaataagtatcgtectt
aattcaactaacacaacactttagcaaatctacagtacacttcatgctaggttttccac
acttattattataatgctgcagtctatacgaacagatgttgatatatgcaggagatagg
acctggcattcctctaataaataacgaaatctacctcggggagtttaaccaggga
tgacggagtttatttcgagtgaccatatccgtttagttttatgtaaggtctagaa
ttaggaactttagatttgttgttttgctagataaattagcgtgatccctaa
gttcgttcgcatataagctcttagcactattcgttatttgtattaatagaa
tctcagcggacaagtaccgtegtacattttaagctagegtgtgttttaatg
atataacatattagtccgaacaggaaggtaagtacaaactgtagtgatgtg
aggttcgtaagaactcagaataagacggtaaagaggaatatgattta
cataactgaatcgatcattcctatacctgegttgaataagtagagta
cattttaaaggtggaccatgcgacacacaccacatactaatgccctg
aaatatcgcgtcgaagttgcaaagtagaccactagaaaatcaa
aatgcttgtataacgctgggtgtagatattaaaatgataggta
taaaatgactatgcatcacagacagaacctttggcatccaatc
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atataattctacttcgctggaaaaataagagtactaatcttac
agaagaggtaatgatttgctgctgccattatctggtaacaacg
tactgccgaatgatagcacgtccccaattattatgaacatggt
tcaccagtaaaaatgagtagccgaaaagagcegtttccta
ccattaatattatatcttgagaaaaactcggeacg
tctgtgccaagcataaacgattggatcatgctaat
gtacacatcgctaacgttagatagcgtataccaaa
cataaagaaattgtacatgtaattttccatatgca
tacatccatgattggctggtgtgtgttttattage
tgtcaatataagtttccagtagtttcagactatcg
cttttgctgacaatctacttatagatatatacttcaataacttctcttaaataaatatcagcgacgtttt

gtcggaaaatctatatctggagagaccatttataatcggaataaatgcacatagaacaatctatcacatag

cttatcgtatcctaattaatagcaaatcctggaatcacgatatagtcgtttaaaggecttatctccat
atatctaaatgctaaggtaccaacagactggttactgtagatacatcttacgatgtgcgtattaccc
gatacttagaggttttaatagtactacagacggaggatagatataatatacttagacgtatcaaggc
aataagtaggcgtccttataagcatccatctccagatcgtcaggtcetctgeactatgaacacgtcac
gaaagaacccatataaatcaacaacagtcacaattttcgaatttatgatgatccagctaaatccttt
catgaattaacttcgcaaatgtatccaacaagattatgactggtatgagtctatcatgegcaa
tatgaaaattgttggagcagcagtcagagatacatcgggtgtaatagaatcatctattgatac
ggtccacatggtaaaactaatcagtaatttcacccccgttggtgacctaccaataggtc
ccccatactacccctatatatctgtacaatatatttaattaagagtaggacggagtget
gctgetccatgeatgctttaaactgtacaaggctattcagattagctacttgata
atctacctgttacccttacatcgatttgctacagttaagagcetagagttatcgea
gcgatcagatatgactcatcgatccgtacagtgttctctaaccacaccaaaaata
gccatggttatacttaacgtcctcaggttgcaactgaagaatagaaattcagage
ctaacaggttgatcaggatgtcgtaaaccgctttctattccagagtagtcaactc
aaatgaaggacgatatactctattccagggttctagcgggtctatacacattgee
aaggattaggcgactacaaatattgagatggcecatagttttacgacgcaattgat
catcgggagtattaactaatccggacagctaaatatgtattcgtgcaaatcgagt
ttaaatcaaaaccctttaccgttcaaattccacacatggaaaactaaatatcgat
gcgtattagtttcactccgcaaaacgtcctaccgaaaaaacccctatttaatcgt
agctttgcccatctaacgtcgcacgggataatccaattctctatgacaattgegt
taggtcgatcatgtttagtgatcgaaaaaagcgtatacccaataaacattg
ctaatgattagtcttattttttttaattattttgtttaagtaacgaa
agctccttgecgtaccgecagceaaaatagtactaatgacggtaaccga
aacaaatataagacttagtcactgcaatcagcagagacgaatgatta
tttggatcagaacctacggtctatgcttaataattctggtgatgatc
ttcgaggacactatcgagaactcatggcacgagcgtgataaatcaac
aggcaaaagatgacactaaggtggcatgagttattatgtctgagatc
tcgtgacttacaaacatcaatcgaaaaaatacagctactattaacat
tgaaaccgttgagctcaagattatgagagcaataatatgacacgect
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ataggtctgttgcatagacaagaacgtctattcagtaaaccagttct
aacacctactccggtactctcattttcgettcttagtcaatcg
ttgaattgatcgcctcctattctacatactcataaacgtgtcg
aatttagatttacgatatgagacaaaaaacatcgtatgtcggg
ttaggttcagcccagagaaatattgagtacccgticgaa
agcatcaaatgttttgtgaaaaaactacagtataatgga
aagctagtttgtgatcaccaaacggtaacatcagaatca
cctatgataatacgagcattcttaatctgacagag
gagaccccgtctactcctgaagtaattaaaggcacaaatattcacgataattaagactttttcgtttcat
taatctgcctaatcaaatagaacatagatttatgtggcggtatgtccgatatttgctattccatageggag
gttattcttcatcatatcgacaatgcaataggticataagagaagatcaatgatgtggcttaggtgtaacg
acttcagcataagatcaagtggatacaaagttaaatgactgtgacactgcagtaattgttaacgaggagag
taagagagcttttataataaaaatttgcggatgataatctcaccgegactaatcgattgtttcgatagaat
gcaaattcaagtatatgattccctagtaagtattgttatcaaaacgcactaaggaatgcagegtact
ccatataaaacataatattacatcaccgaaaactcctgctcaaatttgtgtggttgaagetgtatgt
aagtctgtgctatgaacccatctcggtgetegtictaatcattcatgttaatgcaatggtaatagat
tacaaagtcttatccgttttgttgtacaacaaaaggtttctgagataggatgatgccctaagactat
tgttacttaagatttatacccagcgagacttagttgtttcctcattccgacctatgaatcatt
ccgaatgttttttttttcttatagagaatcttattgcgtgttaaattctaaccattaagaact
ttgttccaggtcagagtgtageatttgacacatactgccaacgtttagactatca
gacgacagatggagaattctgctttaatatcagtaatgaaaacgatttgcagaga
tacagtattgaatctaaggtaatatcctataagttcgaaactcggtctttaggac
attataaatgctaacaacgcacttgaggtaagttcaataaacataaagtgagaat
tcaccttcgtcaattaatccttttacaagttaaagggacgtaatatctatcgggt
acgcgcatttaatgttatcgatgattttggtggactagagatatgatcgaactat
tcgtattatatggtgataaataaatacaccactccggagtgtagcagcaagcttt
tgtgtgattcataaccatgcecttcectecctgaacctaagetacaagagtaaattt
atcccagaaattttacgtttaggtcactatagattcacatgtgaaatgata
aaaggacaatactaaataaatacatcaaccctcgttcataatagtacttaa
aactctaactttaagatatagggaggattttgataagctacatataggcgt
aaaaagttgctaattcgctgtgtagggtagcaagactaacattaaacgttt
agagaattccaagcacatgtctatgtacattacttatgaatttaaaa
attggaacggacgtgcattgtcaagtgataatatacttttggtctta
gtactgcttgcgcacgtagaaaaaaagetgctgaacgaactecctag
atcatcgtgcataatacaggtaagagggcataaagtagcgacccatg
gaatgattagtatgatcgtatgttaatgtattcgttggatatcggte
gttcagcctctaagataagtacgcagcgaaagatcagtggtgaaact
aaccatcattttgcagtaaattcatagattacaacaaggcctacact
agaagagcaggggtgcaaaaagaatcataatgataatttaacttgcet
gtaaacaatctcttttatcttctaggctatacctattacactcaatt
taccctatcggtttccgaatacgtgcttaactataatgtttac
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cgataaccgcacatttgcgtaaataaataatttagagaggtag
tctcagtttatgcccageggaaatccccagatccagtataaag
tgcataaactctattatacacaattaaaagcgggaccaacgat
cactgcaacccttaaacacacgtgagaaaatatgaaata
gaggcatagtattcgcactgaatatgtggaatgtctacg
tcgttgttctcaatgtgagtgtgagtcttattgtaagat
ctgattgttagagctccgeaggcaaatccaaatccgaat
tacaatatcgatagatggcaccgcacgagccccttacctgtcattcacggatcaattgctitggagaact
acctgtcattcacggatcaattgctttggagaact
agataagttggattatatgcgtcggattcctatct
ttatatcatatgtaaagaatctattcacttgctct
ttagacttgagaaggtagcgaaattaagtacctcggtattaagttgctgaaaataatactcctactaa
gcaactcattccgectaaacttaatgaactagetttcgtggacctgttttggtcggttatcaatcaa
ataaacctagaatcatgttcgtgcgtcaagatacttgagcacgtggatctaataaactattaatatc
atcatgtattattgttgttaaccttgtacgaggatcacctggaccgctcaagagttccataaatgtc
tctcttaacgcecattaacttacataccttggataattgcaagaccttctagtataactaattacttg
tgtatagtattgacaactcttgtgtctgaattatttgtcagctagaacattatcaaaggaacaaact
tatatgtcccattcactactaccccttaaatatattacacaacagcatcatcctactagatagaaat
gtctgetgattcatgatacaataagaactagattacagceattcgctaataggttaccttatga
atttggtgttctgactattatttactggagtatgtgttcaaccgaatactcttagatggtaac
tattatagacagatacacaaatctactcgttcaaatcaccacgaaccgattactatgtcccag
ctgattatttaagttaatcagggattcacatagcgatctattatagtccaaggacgggg
acgtacctagtaaccgacgtgtagtcttccatattgtctgggattttcatgttca
agacagacatatgtgataacattttacaagtctagctgtctgcaatgactagtta
acattatttgataacgatctcatagtataaaatgggtgtgatggttgttcaactg
ggttaaacactcgttgatcataaaaaattgtaagcgaaatgatatgcgtagattt
attttccctactagcacagttttagcatgtcttgtagtaaaaatttagttattct
ctgtacagaatacttggtacaatcattatgctacactttttagttgactaa
aaagaatgattttggtagagtttaattattgctacctttcagtgaacaatc
ggtacgtgtttatcaataatatgctaactcactattatatcctatcggtge
tgtacataaccacgtttgcatcgegttggetggcaacactatccaca
cttagttctagcccttgtgttaatcatataaatgtatcttaattttt
tatataccttatcgagactagatattaatagcacaagatataagcat
agtattctgccagtagttaaaatataatggaattcaatctgttacct
tattaatatggaaaacgatcttattcatgagagaccagcagctagct
gaaataattaaaattattttattaaattgccgggtgattcatc
attcacgctgaagacataagtaataggatttttccctggttac
tttatagtccgtacgtacggccgtcatagcaagcaagaaacag
tggtgagactaaattttgatttaaaccgttgtgacagtttatg
cacctggaattcgcttgactgectagcatgctcagagatatgt
gcctggatgatatatttgtatcgaggcetaattgtagtgtcaat
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atgaaagactcaaagggtgcctcgaatctcgcgattaattcet
tactaggggttaaatatttctacagattggtattggttc
aagggggacccgtctgggaattacctaattcagattace
agtctttccatgcagttttaattatggacgattgtacgg
ctatacacttttacatacacaagtctcgttttgagtccg
tacgcaattatactacccaggcactttgtacttattttt
agggattttgtgttaaaagtctgatgtaaatatcaccct
tgatatctactcttgttagttaacacaatggtcagtcgt
ttaagtgattcaagtatagattagttattctcaca
ttttattcattaaagagacgttagcagttgtagat
ttacattcatccacaagaggtaagcttagattttt
ttatctatgatcaaacagcataaagtcgcetetgtt
tacttagtacgtaacgggccgacatgatcagtgat
tcacctggtgactgctaaatctgatagttgaaatt
cgtcegetaaccaaatcattattttagegttgegatatgtggagagtagataatcaaccctattaatcac
aaatatagcctttatctactcttatgttgcggcaggtccgagaattattgacaagatcacttgaagattca
actgttacatacttcaacggaacacgtaaacaacctgcttctacgataagtcccttgtatccgggtat
ttgtaatacccttaataagagatcttacaatgccactactaaatcccgaatcatcttgegctataca
aacttgaaagccggaagcggaataaactttgtattaactgtccttaaagtttctattacgatggtac
tccatgcctttatcgcattttaatggtattcttagatattcatcatgtgcectactaagtcttaagee
aaaaggaccatccagattaacaaaggaccacacttttgacagtctagttgtccctcccgagtacgtt
gcagcaagcttcatacaaacacgccaattcctagttaagttgataattcaactgccaaacgeg
atgataagttaaatcgcagatgtgcttaaatggtatgaataaaaacgtcctggaagattaaat
gaaagtcggcectctgtagataacactatacaccatagaagactcctgcatgaaagtgattect
cagttctgagtacatagaaattagcatgtatatcccgegtagtaattctattcggtaga
cttcttaaatagctatgggccgagtacacacagaaccgggtcagcetagceatatatccte
cacacagtttttaatcgaacgctgctatctatcatcatgaaccctgtctttgaagcettg
cgccaattcgaattaaatcgcataggactgtctacgtgtctcgaaacgacctage
attttagcgaagggcggaccatcgaagataaccgattatacccactcacatcttg
actagtaccggattgaaaaggactgaattcctagatgcatcttcaactactccct
gtcagaagatacttaataatatattgatctatggaccctgaaacctgetga
gtgtttacattgtcgattatatcatcacaaggceccagcatatatttagtaa
tgacagtgaagttaatcatatgcttattatatttatcactggttctcacaa
actgtaattcttatattagcttttcttgcttttacattataagtaccccca
aagaaatgtcgcagcaaaaaaggcaacaatttagatacccagegtttggac
atatgaagaccacacaagtctgaattgtgtttgaaaccgeggtgctaaaac
agaaattaagagccaaacctaagaaatgcgtatgggcgttgegtatcatac
ggtgttacatgaaaacctagataaccgtctaatagattcataaaata
tgtaattacagaaacgatctgtggacgcatatgccaatatgegattc
ggaaataaccaggattactttgatatgactttagctgctaccataac
aaagggctaaaatgagcaacaatagagaccccatttggcttcgtatt
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atcactttcgggtgtcgttatcagaatatggttaaaattgtta
tggagatttaatagatatctccttgctattgecacatcgcagaa
agtatgcgaatactccacccctcacaaaaaactaatcaatgcce
atacttaaatgttgatattttgtcggcgggtttaagtgcagac
catagtacattcttatgacaaagctatgattgttaatttcttc
agcgaagcacgactaagaagcttgaatgcgtggatgcataacc
ttgagaaaagtcgttatgcaaacggagtcccattatctatttg
cactattcggccacaacttaacgtacacattacgcagaagggt
ccggttcataacatatcagatacgcaataggtactctca
tcacgatttgccgaaaaaaacgtatccccaaagagaggg
ttttggaagtaacagatctgaatcccgaaatccactatg
cccataaatatatgtcgcaagtgtaaacttaaagg
ctaacaatgattgacgaggtcgcattgagtaaatc
cgttaactagacatatttggtttaattcgttacta
tgatgcttcatagcagtgttttaggtttgaccgttatgactcaatgttaatttagccaatctttcaattca
acgcaaaaacgttctagtagtatagctaaaccaataatataattaaataatgttcgacaacatcaacaaaa
taagaccctactaggaaaacgacaaatatcttacaacggttccacccatccaacacatgactctcttagag
ggtccgagggataaaagactgatagagtacatcctcaataagtataatggtaaaagactgagggtaatect
attgaatttcacacactttacagagtagataatatctccgcacagtctattcgtgtgaatggctctat
caggagtcgccctaattgagctaacgaaccaggacattcgcgcaacgcatcacatttattcatgaat
atgattggtttttatgacggtatactatgaccacaactaaatgtctttcgtaggtgttcccca
atcaaatacgagagagcggaaaaacttgatctaatcagggcatgaaaggttttttatcgtcta
ttacattaaatgaaaacctcctagtaataagtatctgtcgatcgcaaaccggtaagtaaaatg
aaacgggtctactggatgttagtactaattgtatatgaagaaaaccactaaatttatgcccag
gaagttaaaagtcgaatttgagcatccctgatttttagagcatttagecctcaaggtcaataat
cgcagtgaagagtaggtattcagtacacgcgacacccggaccgtaagceatacaattatagatt
gctcgcettacatactcgcagectaatacaacacgtatctagtccatagttattgtggta
cttgaatattgacttaacagttacaatataagaattaactgacgaagagtggcgecegtg
ccccaaagagatcgcectaatgccaacataccatgataacttttatacaaccctgatcgg
tgtcctgatctctaccggattggactagactagtaaatattgaaatacattgggtgaat
gtaacgtgcttaagcaattaccacaactctcatggatatagtacgatagatgtttaagt
acattagtctgcaaacctctagcgtacaagcectttcgtgacgagtacagcataaa
ttagcgtgggaaacagttgatataagccgceactaactaagcgceaaatttgetgaa
tatcctgcatattacttttctagtattatacatattgtatcatataggtgcaget
acctcgtgttattcggagtatacaagttcccgtgtttctgtgaagtagatttatt
agtataaatctccatatatacacgcattcgctcatgatttatagccccaca
cttttttaacactagctgaaaatgtattcgacttaaacatagacgtaagta
tatcttcttccctagetcgatcacaaactgactcgtggtgttcatccageg
agtcagcggacattgggccttatgaatctgttaattctagttttata
tcgaacttgcaacaaaattattcacacaatatttaccttgttcacgt
tttgctaatcatcccagcaacaagtttaccataatgtaacgeg

27

0.99
0.99
1.00
0.88
1.00
0.76
0.98
0.98
1.00
0.98
1.00
1.00
0.99
1.00
0.92
1.00
0.99
0.83
0.96
0.71
0.87
0.97
1.00
0.99
0.99
0.61
0.93
0.96
0.99
0.92
0.99
0.96
0.91
1.00
0.67
1.00
1.00
0.58
0.94
1.00
1.00

0.99
0.99
1.00
0.92
0.96
0.83
0.92
0.98
0.99
0.99
0.99
1.00
0.99
1.00
0.94
0.98
1.00
0.87
0.93
0.77
0.83
0.94
0.99
0.99
0.99
0.70
0.85
0.95
0.98
0.94
0.97
0.97
0.93
0.97
0.75
0.91
1.00
0.69
0.84
0.98
1.00



445 tacaccatactaatatcacccgacagactcgacctcaactcgg 1.00 1.00
446 aaatactagcattatctcactccacatttccctgtgtaactat 1.00 1.00
447 tacatggtaaagtatcgcggctegtagtgtacacggtaa 0.55 0.68
448 tttatagtgcagcagattgtttgcttatatatgtatgac 0.99 0.87
449 acatacgaataatgtcatcttgtctgtaagggacagatt 1.00 0.99
450 ttaatcagcggtcggacgtaattgagtagecttca 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, ¢” for a DNA sequence. The letters represent different classes

of nucleic acid bases.
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