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-10 regions as identified by Harley and Reynolds. Also note that for illustration purposes
comparisons are shown between bases but in fact each base is represented by 4 bits as
described previously. As a straight positional comparison these two sequences share 15
of the 45 bases (33%) in common (matches shown as |). But, by shifting TAC16 by one
base (i.e. comparing bases -45 through -1 of TAC16 with bases -44 through +1 of uvrD)

these two sequences have 20 of the 44 bases used in the comparison (45%) in common:

-45 +1

TACI16: AATGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAA

I Lot el L |
uvrD: AATTTCCCGCTTGGCATCTCTGACCTCGCTGATATAATCAGCAAA

-45 +1
Note how the previously identified -35 and -10 regions of these sequences line up and
contribute to the high percentage of identity. Clearly, this situation is more desirable and
on this basis, these two sequences should be classified together. It is this type of sequence
"shifting" that was added to the learning algorithm.

By choosing sequences that have a uniquely defined transcription start point, the
amount of computation could be conserved by only shifting a training pattern 5 bases in
each direction when calculating the Euclidean distance. Thus for every training
pattern/weight vector comparison, a total of 11 Euclidean distances are calculated. Each
distance measurement is divided by the number of bits used to calculate the distance and
the lowest "scaled to length" measurement was recorded along with the positions which

gave rise to this best match. Once a sequence was compared to every neuron in this

manner, the winning neuron’s weight vector was updated at every position that led to the
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minimum calculation.

2.4 Updating the Weights
During weight updating, o was multiplied by the following scaling factor:
= nb+1-D
nb+1
where nb is the current size of the neighbourhood for weight updating and D is the
distance a neuron is from the winning neuron; for example: the winning neuron has D=0,
neurons immediately adjacent to the winning neuron have D=1, etc. The effect is
analogous to the positive portion of the Mexican hat function shown in Figure 7. In order
to prevent any biasing with respect to the order or sequence presentation during training,

sequences were presented randomly with every training iteration.

2.5 Developing a Consensus Sequence from the Trained Weights

After training had been completed, the ability to query the network with a
sequence had to be implemented. The output from this type of query is an alignment
between the winning neuron and the query sequence as well as some type of score
indicating the extent of similarity between the two. Thus two additional problems needed
to be addressed here: How do we represent a neuron’s weight vector as a sequence for
display purposes and how do we measure the similarity between each neuron and a query
sequence? The first problem, that is one of consensus determination, proved to be an

interesting problem. Since each position in the consensus sequence is represented by 4
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weights the problem was to determine which of the 15 combinations of A, C, G, and T
is the best representation for the position. Table 1 shows the nucleotide codes, groups and
meanings of the 15 combinations of nucleotide bases. In order to solve this problem I
employed a second neural network training program based on conjugate-gradient
optimization.

The conjugate-gradient algorithm (Powell, 1977) is able to locate the minimum of
a multivariate function much faster than the gradient-descent procedure that is customarily
employed with back-propagation. Also, this technique eliminates the choice of critical
parameters (such as the learning-rate and momentum parameters), making it much easier

to use than the conventional back-propagation training algorithm.

Table 1. Nucleotide Codes

Code _Group Meaning

A A Adenine

C C Cytosine

G G Guanine

T T Thymine

Y CorT pYrimidine

R AorG puRine

M AorC aMino

K GorT Keto

S Cor G Strong interaction (3 H bonds)
A% AorT Weak interaction (2 H bonds)
H AorCorT not-G (since H follows G)

B CorGorT not-A (since B follows A)

D AorGorT not-C (since D follows C)

\" AorCorG not-T (since V follows U)

N ACGorT aNy

I used a public domain program (opt) for the training phase of this neural-net
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classifier. This program allowed me to specify 3 layers of neurons. The input layer
contained 4 neurons (for the 4 weights which make up a nucleotide). The hidden layer
consisted of 23 neurons and the output layer consisted of 15 neurons (since there are 15
nucleotide groupings as shown in Table 1). Successive layers are completely
interconnected in the forward direction. The training patterns for this neural network are
shown in Appendix D. Each training pattern consisted of the target class (a number
between 1 and 15) followed by the 4 input values. Most of the input values were
randomly generated and I determined the target class. In total there were 145 training
patterns. After 500 training iterations, the neural net was able to classify all of the training
patterns correctly. The output from the opt program is a weight file which is input for a
second program (optest) which tests the performance of the classifier created with opt.

This second program I modified to be a part of my neural net query program (cluster).

2.6 Querying the Trained Neural Network

The second problem deals with determining the winning neuron when a particular
neural network is presented with a sequence. Since we cannot assume that the query
sequnce is the same length as the training sequence, Euclidean distance could not be used
as the measure of similarity as it was used in the training phase of the neural network.
Instead a method had to be devised that allowed for all possible alignments between the
query sequence and the neuron’s weight vector. In order to accomplish this a dynamic
programming approach based on the sequence comparison algorithm by Needleman and

Wunsch (Needleman and Wunsch, 1970) was used. With this approach a two-dimensional
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matrix, M, is set up for every query sequence/neuron weight vector comparison. The
values in the matrix, My;, is the weight of having the ith nucleotide of the query sequence
in the jth position of the consensus sequence. For example, suppose the neuron weight
vector is

[ WAl WCl WGI WTI WA2 WC2 WG2 WT2 WA3 WC3 WGB WT3 WA4 WC4 WG4 WT4 ]
where, for example, W,, is the weight of nucleotide A in position 1 of the consensus
sequence; and suppose the query sequence is ACGTA. Then the comparison matrix would

be set up as follows:

>lHlQlal»
g
F
S
&

Scores for each of the alignments are produced by summing the diagonals of the
comparison matrix (in this case there are 8 diagonals). The best match is determined by
the largest score, and the positions of the best match are used to produce the alignment
output. Shown another way, this procedure is scoring the following 8 alignments (only

the bases shown in bold contribute to the comparison score):
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W, W, W; W,
. ACGT A ' Score=W,,
2 A CGT A Score=W;+W,,
3 A CGT A Score=Wg,+W,,+W ,,
4. A C GT A Score=W¢, +Wg, + W+ W,
5. A CGT A Score=W ,;+W,+Wg,+Wp,
6. A CGT A Score=W ,+ W+ Wg,
7. A CGT A Score=W ,;+W,
8. A C G T A Score=W,,

2.7 Choosing the Training Parameters

Perhaps the hardest aspect of using a neural network is choosing the parameters
best suitable for the current problem. With my implementation of Kohonen’s self-
organizing feature map, seven parameters need to be defined. Some of these, as identified
by Kohonen (Kohonen, 1990), are not as critical as others for proper classification to take
place. Thus, in order to decrease the number of possibilities, the initial values of the less
critical parameters were always set to the same values: o; = 0.5, t, = 1000, a(t,) = 0.01,

t, = 200, nb, = 0. This leaves nb, and nb, to be set.

2.8 Training the Neural Network
Before training the network with the selected sequences from the E. coli promoter

database, the network’s classification ability was tested with random sequences using the
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parameters outlined above. Forty random sequences were generated and editted to include

the -35 (TTGACA) and -10 (TATAAT) regions at 15, 16, 17, 18, and 19 bases apart. The

alignment results produced by the query program are shown in Appendix E and

commented upon in Table 2. The comments reflect whether it was obvious that sequences

of the same spacing class clustered together ("sequences clustered well"), whether there

appears to be some clustering but not well defined borders ("sequences slightly spread

out"), or whether no clustering is apparent ("no sequence clustering apparent").

Table 2. Random Sequence Results

nb,
nb, 1 2 3
(# output
neurons)
3 sequences clustered sequences clustered 18 spacing class not
® well with 2 well with 2 clustered as well, 2
mismatches mismatches mismatches
4 sequences clustered sequences clustered 18 spacing class not
(16) well with 2 well with 2 clustered as well, 1
mismatches mismatches mismatch
5 sequences slightly sequences slightly sequences spread out,
(25) spread out spread out, 3 mismatches
2 mismatches
6 sequences spread out, | sequences spread out, | sequences spread out,
(36) 2 mismatches 1 mismatch 1 mismatch
7 no sequence no sequence sequences spread out,
(49) clustering apparent, clustering apparent 1 mismatch
1 mismatch
These results demonstrate the algorithm’s ability to classify the sequences
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correctly. Based on the results achieved with the random sequences the following
(nb,,nb;) pairs were chosen for training using tﬁe seleceted E. coli sequences: (3,1), (3,2),
4,1, 4,2), 5,1), (5,2), (6,2), (7,3). Final Euclidean distance measurements were
recorded, averages and standard deviation are reported in Table 3 and plotted in Figure
9. Alignments produced by querying the trained networks with the training sequences are
shown in Appendix F. The average score and standard deviation are reported in Table 4

and plotted in Figure 10.



Table 3. Training Results
Average Euclidean Distance and Standard Deviation

34

nb,
nb, 1 2 3
(# output
neurons)
3 0.737 + 0.041 0.737 + 0.041
)
4 0.701 + 0.052 0.706 + 0.047
(16)
5 0.667 + 0.086 0.664 + 0.098
(25)
6 0.624 + 0.098
(36)
7 0.568 + 0.137
49)
Training Results
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Figure 9 Average Euclidean Distance versus Number of Output Neurons



Table 4. Testing Results
Average Score and Standard Deviation from the Training Set

35

nb,

nb 1 2 3

8
(# output
neurons)

3 2.563 + 0.237 2.580 + 0.233
&)

4 2.912 + 0.336 2.883 + 0.245
(16)

5 3.205 + 0.436 3.201 + 0.507
(25)

6 3.596 + 0.575
(36)

7 3.915 + 0.646
(49)

Results of Querying the Neural Network with the Training Set

45l y=0.0335x+2.331 -

r=0.995

35F —

Average Score

2.5 .

0o 1 10 15 20 25 30 35 40 45 50

Number of Output Neurons

Figure 10 Average Score versus Number of Output Neurons



CHAPTER 3

DISCUSSION

3.1 Background

Neural network models have been used successfully to recognize and quantify E.
coli promoter sequences, but to the best of my knowledge they have all been supervised
models of learning. These models are able to distinguish promoter sequences from random
sequences with a high degree of accuracy, but are unable to address the differences that
exist between different promoter sequences. Differences such as how the spacing between
the -10 and -35 regions relates to promoter sequence strength; and how some known
promoters show little more than random similarity to the published promoter consensus,
are very important issues that need to be addressed in order to understand the intricate
process of gene transcription better.

In order to address these issues I employed a neural network based on the
unsupervised learning model developed by Kohonen. The reasoning behind this was to
let the algorithm choose the relationship, if any, that exists between sequences instead of
me telling the algorithm that a relationship does exist and it should iterate until it has
learned this fact (such is the case with backpropagation). The purpose of this project was

not to develop a system of determining promoters but rather to develop a pattern classifier

36
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in which the neurons and their responses are grouped into subsets, each of which
corresponds to a discrete class of patterns. The resulting trained network is able to show
which subset a sequence belongs to as well as the alignment which produced the
maximum score. With information such as which training sequences belong to a particular
cla,ss and the measure of similarity between the query sequence and the neuron’s weight

vector, the relationship that exists between these sequences should be easily determinable.

3.2 Choosing the Optimum Network Dimension

One aspect of the unsupervised learning model that makes results analysis more
difficult than that of supervised learning is determining the best set of training parameters.
With supervised learning one tests different network dimensions until the ratio of correct
answers to incorrect answers becomes satisfactory. But with unsupervised learning,
increasing the size of the output layer leads to a lower average Euclidean distance
measurement. This is because the training sequences are unique and the lowest obtainable
Euclidean distance would be zero if all sequences were classified separately. Thus
determining the best parameters for unsupervised learning is a balance between choosing
a large enough output layer for Euclidean distance minimization yet small enough for
accurate classification. The results shown in Table 3 correspond with this postulate, that
is: average Euclidean distance does decrease with increasing number of output neurons
which indicates a higher degree of similarity between a training sequence and a neuron’s
weight vector. Depicted graphically in Figure 9 the relationship between average

Euclidean distance and the number of output neurons is linear. The results shown in Table
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4 and graphically in Figure 10 parallel those of Table 3 and Figure 9; that is, average
score achieved from querying the trained networks with the training set increases linearly
with increased number of output neurons.

The results of querying the neural networks with those sequences that were not
used for training is shown in Table 5 and graphically in Figure 11. The alignments

produced by the query program can be found in Appendix G.

Table 5. Testing Results
Average Score and Standard Deviation from the Sequences not used for Training

nb,
If
nbs 1 2 3
(# output
neurons)
3 2.803 + 0.307 2.846 + 0.330
9
4 2.994 + 0.309 2.948 + 0.331
(16)
5 3.161 + 0.404 3.176 + 0.400
(25)
6 3.349 + 0.558
(36)
7 3.462 + 0.450
(49)

An interesting aspect of these results is that the slope of the best-fit line in Figure
11 is half that of the slope of the best-fit line in Figure 10. The point at which these two
lines intersect is the point where the average score obtained by querying a network with

the training sequences equals the average score obtained by querying with the sequences
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not used in training. This point is significant since all the sequences come from the same
class. Thus, the number of output neurons at this intersection point (in this case 23) can
be interpreted as the ideal dimension for this problem. Having determined this, the results

achieved with 25 output neurons will be analyzed.

Network Query Results with Sequences not used for Training
4 v T v T T + y —

3.8} T "-
3.6[—
3.4}
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r=0.986

2.2 -

2 I T 1 A — 2 1 1 -
0 5 10 15 20 25 30 35 40 45 50

Number of Output Neurons

Figure 11 Average Score versus Number of Output Neurons

The two data sets acquired with 25 output neurons differed only by the size of the
neighbourhood for updating weights. In the first case weight updating was limited to
neurons adjacent to the winning neuron throughout the training phase (nb; = 1), and in
the second case weight updating included all neurons contained in a radius of 2 about the

winner (nb; = 2) for the first half of the training phase and neurons adjacent to the winner
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for the second half of the training phase. In both cases, only the winner’s weights were

updated during the tuning phase.

3.3 Analyzing the Results

Figures 12a and 12b show the cluster maps achieved by querying the trained
networks with the training sequences. Although these maps appear different at first, a
closer analysis reveals that there is a lot of similarity between the two trained networks.
Most sequences are either clustered in the same neuron or in an adjacent neuron, for
example: of the eight sequences clustered together in neuron (2,0) (third row, first
column) of Figure 12a, four are still together in neuron (1,4) in Figure 12b, two are found
in adjacent neurons (neuron (0,4) and neuron (2,3)), and two are found in close proximity
(neuron (3,3) and neuron (4,2)). Variability with respect to clustering can be attributed to
the fact that these sequences are, on average, 25% identical to begin with. Given this high
degree of homology and the nature of the algorithm, clustering probably occurs early in
the training phase which leads to the small amount of variability seen between the maps.

More importantly is the consistency seen in the alignments. Regions of high
homology can be identified in most of the consensus sequences and for a given sequence
these regions are the same for the two data sets. Also, some of the regions of high
homology include regions which match or are very close to the published -35 (TTGACA)
and -10 (TATAAT) promoter regions. For example, the alignments of the eight sequences

referenced above are shown here with regions of high homology in the boxes:
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colE110.13 glyA carAB-P1 leultRNA aceEF
fdX pBR322tet divE pBR322P4 ampC
lex R100RNAI Milma mABP1 ColE1-P2
NTP1rmal100 sdh-P1 malEFG rmDEXP2 colicinE1P3
ompC spc pheU rmbD-P1 fdviln
pl5mal str pyrE-P1 rmE-P1 lysC
IpoA tyrT/109 rnp(RNaseP) mX1 metAP2
RSFrnal m4.58 ompA
supB-E recA
tfB uncl
ada gyrB deo-P3 malK cat
ilvIH-P3 malPQ dnaA-1p sdh-P2 CloDFcloacin
liv) trfB ginlL g-k-tnpA
p15primer lacP2 glyA/geneX
pBR322primer trxA RIRNAII
T7-D Tn10xxxP1
Tn501mer tyrT
uvrB-P2 tyrT/6
uvrD
argE-P2 alaS araE araC Fplas-traM
his gltA-P1 cit.util-379 deo-P1 g-k-mpR
lambdaPR’ lambdaPRE ilvIH-P2 ilvIH-P4 gal-P2
spotd2r Tn501merR lacP1 ompR groE
T7-A3 TnSIR R100ma3 lacl
T7A2 trpR lambdaPI
thr tyrT/77 motA
uvrB-P1
ColE1-P1 argE-P1 ilvGEDA argF carAB-P2
pheA deo-P2 lambdaPRM aroF phiXD
ssb T7-Al MuPe IS1insPR pyrE-P2
trfA sucAB Tn10tetR* Tn10Pin
tyrT/178 T7E Tn10xxxP3
tonB
uvrB-P3
araBAD cya aroG cIp argCBH
Fpla-oriTpX frdABCD colE1-B gltA-P2 hisA
htpR-P1 gal-P1 colE1-C htpR-P2 P22PRM
lambdaPL gnd Ipp htpR-P3 pBR322bla
lambdaPo metAP1 micF pColViron-P1 phiXB
lambdaPR pfkB P22PR 434PR pori-I
phiXA T7-C R100RNAII Porir
tyrT/140 trp RSFprimer
trpP2 Tnl0xxxP2
Tn2660bla-P3

Figure 12a Cluster map from querying the trained network with the training sequences

(nb, = 5, nb; = 1).
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divE carAB-P1 deo-P2 crp argF
Milma fdX Fpla-oriTpX recA aroG
malEFG gyrB malPQ ssb colE1-B
pheU ompC pl5primer T7-C colE1-C
pyrE-P1 R100RNAI pBR322primer Tn501mer gltA-P2
mp(RNaseP) IpoA R100RNAII op gnd
rm4.5S sdh-P1 T7-D tyrT/140 ilvIH-P3
supB-E str trfB , livy
tufB uvrB-P2 Ipp
micF
T7-A3
trpP2
leultRNA deo-P3 aceEF ColE1-P1 his
pBR322P4 ginL araC tyrT/178 lambdaPR’
rmABP1 glyA P22PR
rmDEXP2 lambdaPL thr
rmD-P1 lambdaPR trfA
rmE-P1 T7E uvrB-P1
rmX1 434PR
uncl
glyA/geneX aroF dnaA-1p argE-P2 alaS
lacP1 fdVII ilvIH-P2 cya frdABCD
malK g-k-mpA IS1insPR pfkB gal-P1
motA gal-P2 lambdaPo spc ilvGEDA
RIRNAII ompR pBR322tet MuPe
tyrT phiXA T7-Al
tyrT/6 R100ma3 TnSIR
uvrD trpR
uvrB-P3
araBAD htpR-P1 Fplas-traM spotd2r deo-P1
cat tyrT/77 g-k-tmpR Tn501merR ilvIH-P4
cit.util-379 lacl lacP2
CloDFcloacin lambdaPl lambdaPRM
metAP2 RSFprimer Pori-r
ompA Tnl0Pin Tnl10xxxP1
ampC carAB-P2 htpR-P2 argCBH ada
araE groE htpR-P3 hisA colE110.13
argE-P1 lambdaPRE pheA P22PRM lex
ColE1-P2 pyrE-P2 phiXB pBR322bla NTP1mal00
colicinE1P3 Tn10xxxP3 phiXD Tn10tetR* plSmal
glitA-P1 tyrT/109 pori-1 Tn2660bla-P3 RSFrnal
lysC T7A2 sucAB
metAP1 Tn10xxxP2 trxA
pColViron-P1 tonB
sdh-P2

Figure 12b Cluster map from querying the trained network with the training sequences

(nb, = 5, nb, = 2).



consensus (2,0)
argE-P2

his

lambdaPR’
spotd2r

T7-A3

T7A2

thr

uvrB-P1

3.031
2.931
3.140
3.177
3.043
2.979
2.869
3.2717

TRBHRAAWKKTV
GCATCATTGCT
AAAGTTC
GCATGATA
AAAAGTGC
CAAAACGG
ACAGGTA
AATTTTA
GTATAATTTG

TTG
TTG
TTG
TTG
TTT
TTG
TTG
TTG
TTG

MCDWMDW
CGCTGAA
CTTTCTA
ACTTATT
CTGAACT
ACAACAT
ACAACAT
ACTTAGG
GCATAAT

GAAGTAAAA
ACAGTCAAA
ACGTGAAAG
GAATAAAAT
GAACAARAAA
GAAGTAAAC
GAAGTAACA
TCACTAAAT
TAAGTACGA

HSD
GCG
TGG
TGG
AGA
ACG
TGC
ACT
CGA

GTAAAGTTAA
GTTATGTTCA
TTTAGGTTAA
GTAAATTTGA
GTAAAGTTAG
GTACGATGTA
AGTAAGATAC
TTAACCAATA
GTAAAATTAC
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TA
AAGACA
CTCAA
TCGCG
CCACA
AAATCG
TAGGCA
ATA

As mentioned above, four of these eight sequences cluster together in the second network

and their alignments are shown here with regions of high homology in the boxes:

consensus (1,4)
his

lambdaPR’
P22PR

thr

trfA

uvrB-P1l

434PR

3.007
3.306
3.254
3.001
3.215
3.351
3.038

YRKTAAAWGWW
AAAGTT
GCATGAT
TTAAATAAA
AATTTT
TAAAGTT
GTATAATTT
ACTGTA

CTTGAC
CTTGCT
ATTGAC
CTTGAC
ATTGAC
CTTGAC
GTTGGC
TTTGAC

WWADDAAAYWAWDWKKAK
TTCTAACGTGAAAGTGGT
TTATTGAATAAAATTGGG
TARAGATTCCTTTAGTAG
TTAGGTCACTAAATACTT
AGCGGAACCAATGTTTAG
ATAATTAAGTACGACGAG
AAACAAGATACATTGTAT

TWAAWTWAAA
TTAGGTTAAA
TAAATTTGAC
ATAATTTAAG
TAACCAATAT
CTAAACTAGA
TAAAATTACA
GAAAATACARA

AGACA
TCAA

AGGCA
GTCT
TA
GAAAG

The most important aspect of the results is seen here: the consistency in which the

sequences align in the two networks. In both cases the four sequences line-up, with

respect to one another, exactly the same. Another example of the consistency between the

two results can be seen by comparing the alignments of the sequences clustered in neuron

(0,2) of Figure 12a with those in neuron (0,0) of Figure 12b:

consensus {0,2)
carAB-P1l
divE

Mlrna
malEFG
pheU
pyrE-P1
rnp (RNaseP)
rrn4.5S
supB-E
tufB

consensus (0,0)
divE

Mlrna

malEFG

pheU

pyYrE-P1l

rnp (RNaseP)
rrn4.5S

supB-E

tufB

2.967
3.041
3.357
3.097
3.280
3.251
3.357
3.139
3.222
2.895

3.114
3.479
3.182
3.259
3.394
3.479
3.221
3.235
2.873

AASGANNA
GCCAT
ATTA
AACG
CAAGGAGGA
GACAT
CTTGTA
AACG
CGA
AAAA
TTTT

TGGGTTGACA
TAAGTTGACT
GGGGTTTACA
CGGGGTGACA
TGGAAAGAGG
TAGGTTGACG
AGGATAGGAA
CGGGGTGACA
TGGGTTGCAA
GAGGTTGACG
TTAGTTGCAT

AASGANNAB
ATTAG
AACGC

CAAGGAGGAT
GACATT
CTTGTAA
AACGC
CGAT.
AAAAG
TTTTT

GGGTTGAMA
GGGTTTACA
GGGGTGACA
GGAAAGAGG
AGGTTGACG
GGATAGGAA
GGGGTGACA
GGGTTGCAA
AGGTTGACG
TAGTTGCAT

HKRSSSSSCDAWVHCBB
TTTAGCGCCCATATCTC
CGCCGCATCGGGATGTT
AGGGCGCGCAAACCCTC
TTGCCGTATAAAGAAAC
AGATGTGCAGATTACGG
TAACCGCCGGAAGTCCG
AGGGCGCGCAAACCCTC
TTAGCCGGGGCAGCAGT
CTGCAAGGCTCTATACG
GAACTCGCATGTCTCCA

HDRSCSSSCDAWVHMBB
CGCCGCATCGGGATGTT
AGGGCGCGCAAACCCTC
TTGCCGTATAAAGAAAC
AGATGTGCAGATTACGG
TAACCGCCGGAAGTCCG
AGGGCGCGCAAACCCTC
TTAGCCGGGGCAGCAGT
CTGCAAGGCTCTATACG
GAACTCGCATGTCTCCA

TATAATGCGC
CAGAATGCCG
TATAGTGCGC
TATACTGCGC
TAGAGTCCG

TTTAATGCGC
TATAATGCGC
TATACTGCGC
GATAATGCGC
CATAATGCGC
TAGAATGCGC

TATAATGCGC
TATAGTGCGC
TATACTGCGC
TAGAGTCCG

TTTAATGCGC
TATAATGCGC
TATACTGCGC
GATAATGCGC
CATAATGCGC
TAGAATGCGC

CCG
GTCA
GCCG

CCG
AG
GCCG
CTGCG
CCCG
GCTA

GTCA
GCCG

CccG
AG
GCCG
CTGCG
CCCG
GCTA
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In this case, nine of the 10 sequences clustered in neuron (0,2) of the first network
reappear together and aligned exactly the same in neuron (0,0) of the second network. The
one sequence that does not cluster with these nine sequences in neuron (0,0) (carAB-P1)
does appear in an adjacent neuron (neuron (0,1)). From the alignment it can be seen the

same regions in carAB-P1 align with the regions of high homology in the consensus

sequence:
consensus (0,1) HTYRWADWTTWS | TTGAAAT | KTTBYGBGSAWMWGYV [ CTADAAT [ RSCS
carAB~P1 3.084 GCCATTAAG| TTGACTT | TTAGCGCCCATATCT | CCAGAAT | GCCGCCG

Thus, it can be concluded that the neural network is able to determine the relationships
_that exist between sequences and these relationships can be identified in the consensus
sequence. This information, along with other information available, can be used to
determine the relationship a group of sequences have with a query sequence.

To test this, consider the results (Appendix G) of querying the networks with the
sequences from the Harley and Reynolds promoter database (Appendix B) that were not
selected for training. These results, like those of the training sequences, can be judged on
the consistency of the alignments. Here we can take into account the regions of high
homology the sequence has with the consensus, and hence the training sequences
belonging to the winning neurons, as well as the alignments between query sequences.
For example, sequence rpmH2p aligned with neuron (0,2) for the data set defined by nb,
= 5 and nb; = 1, and neuron (0,0) for the data set defined by nb, = 5 and nb; = 2. The
alignments (shown below) are consistent with the consensus sequences and also agree

with the alignments of the training sequences (shown earlier). Thus it can be concluded



45

that the areas of high homology for these sequences must be important for promoter

activity. As an additional note, these regions of high homology do include the statistically

best -35 and -10 hexamers identified by Harley and Reynolds (Appendix B).

consensus (0, 2)
rpmH2p

consensus (0, 0)
rpmH2p

3.431

3.378

AASGANNATGGG
ATAAGGAAAGAGAA

AASGANNABGGG
ATAAGGAAAGAGAA

TTGAC
TTGAC

AHKRSSSSSCDAWVHCBB
TCCGGAGTGTACAATTAT

TTGA|MAHDRSCSSSCDAWVHMBB

TTGA

CTCCGGAGTGTACAATTAT

TATAATGCG
TACAATCCG

TATAATGCG

TACAATCCG

c
GCCTCTTTAATC

C
GCCTCTTTAATC

As another example consider the sequences which clustered to neuron (0,3) of the map

defined by nb, = 5 and nb, = 1:

consensus (0, 3)
NR1lrnaC

S10

TAC16

pPBRP1

pPYrBl-p2
rrnABP2
rrnG-~P1

rrnG-p2

2.975
3.407
2.692
3.211
3.139
3.457
4.485
3.213

HHGNRWWTWHC | DCTTGWC | DHMHRGRGMGRAMTCC| CTATAATGCGC
GTCACAATTCT | CAAGTCG | CTGATTTCAAAARACT | GTAGTATCCTC
TACTAGCAATAC | GCTTGCG | TTCGGTGGTTAAGTAT | GTATAATGCGC
AATGAGC| TGTTGAC |AATTAATCATCGGCTC| GTATAATGTGT
TTCATACACGGT | GCCTGAC | TGCGTTAGCAATTTAA | CTGTGATAAAC
TTGCATCAAAT{ GCTTGCG | CCGCTTCTGACGATGA| GTATAATGCCG
GCAAAAATARAT | GCTTGAC | TCTGTAGCGGGAAGGC | GTATTATGCAC
TTTATATTTTTC|GCTTGTC | AGGCCGGAATAACTCC| CTATAATGCGC
AAGCAAAGAAAT | GCTTGAC | TCTGTAGCGGGAAGGC | GTATTATGCAC

TGCGAAACGATCCCT
GGGCTTGTCGT
GGAATTGTG
TACCGCATTAAAGCTTA
GACAATTITGCCGG
ACCCCGCGCCGC
CACCACTGACACG
ACCGCCGCGCCG

It is evident from the alignments that these sequences share regions of high homology.

In the second set of results (nb, = 5 and nb, = 2) four of these sequences cluster to

neuron (1,0) with the same alignment with respect to one another:

consensus (1,0)
TAC16

rrnABP2
rrnG-pPl
rrnG-P2

2.729
3.507
4.300
3.260

CNCYAWTTWHC| DMITGHC
AATGAGC| TGTTGAC
GCARAAAATAAAT | GCTTGAC
TTTATATTTTTC}|GCTTGTC
AAGCAAAGAAAT | GCTTGAC

Three more cluster to an adjacent neuron:

consensus (1,1}

S10

consensus (1,1)

pBRP1

consensus (1,1)

pyrBl-p2

3.556

3.482

3.203

DHMHVGRGVGRAMWCC
AATTAATCATCGGCTC
TCTGTAGCGGGAAGGC
AGGCCGGAATAACTCC
TCTGTAGCGGGAAGGC

STATAATGC
GTATAATGT
GTATTATGC
CTATAATGC
GTATTATGC

GC

GTGGAATTGTG
ACACCCCGCGCCGC
GCCACCACTGACACG
ACACCGCCGCGCCG

YDTCTGATGCTTCGCGCTTTTTATCCGTAAARRAGCTATAARTGCAC

[IEAEAN

Il | 1] NN
TACTAGCAATACGCTTGCGTTCGGTGGTTAAGTATGTATAATGCGCGGGCTTGTCGT

YDTCTGATGCTTCGCGCTTTTTATCCGTAAAAAGCTATAATGCAC

Pl | I
TTCATACACGGTGCCTGACTGCGTTAGCAATT TAACTGTGATAAACTACCGCATTAAAGCTTA

YDTCTGATGCTTCGCGCTTTTTATCCGTAAAAAGCTATAATGCAC

SN 11 I i | [y
TTGCATCAAATGCTTGCGCCGCTTCTGACGATGAGTATAATGCCGGACAATTTGCCGG
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With these sequences the alignment between pBRP1 and pyrB1-P2 with respect
to one another is identical but the alignment of S10 with these two sequences has
changed. This does not necessarily mean that the results are incorrect. Taking into account
that this particular consensus sequence is almost completely represented by single
nucleotides and that there are regions of high homology scattered throughout these
sequences (see | in the above alignments), the alignments can be justified. This type of
result is characteristic of the self-organizing map, that is, neurons on the edges of classes
in a map are generally represented by only a few training patterns and, given the query

system implemented for this problem, results like this are not unexpected.

3.4 Caveats

As a final note there are some inherent limitations with this method with respect
to the data set that must be mentioned: 1. The sequences are classified by the neural
network based on the linear sequence of nucleotides but the three dimensional shape of
DNA also plays a role in DNA/protein interactions; 2. Sequences that were used in
training were chosen because of their unique transcription start site. This allowed a small
window of sliding (5 bases in each direction) to be used in determining the best match
during training. Errors in assignment of the transcription start site (experimental,
statistical, etc.) could result in regions other than the promoter region determining the best
match; 3. For this problem, all nucleotides are weighted equally but it could be that RNA

polymerase has a range of affinities for each of the nucleotides.
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3.5 Summary

- Overall the results are quite good and, if for no other purpose, can be considered
ground-work for future work. Investigating the effects of the other parameters on the
chosen optimal network dimension could prove to fine tune the method for this particular
data set. Additionally, other methods of choosing the winning neuron during training
could be employed. For example, the Levenshtein Distance between two sequences is the
smallest number of substitutions, insertions, and deletions, required to transform one string
to another. This dynamic programming algorithm could be used in place of the Euclidean
distance measurement with the weights representing the frequency of an edit at a position.
A low the frequency would mean that the nucleotide is conserved more often between the
sequences. In conclusion, this work can easily be extended to any family of sequences

known to contain a common element of functionally.
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APPENDIX A
Source Code Listings

Fhkdhk ek kI kA kI h KK A AR IR A KKK IR KKK I I K Ik Ak kk ok hk kA Rk hhhhkkkkkkkkkkhhkkkkkhhkhkkk

Department of Computer Science and Systems
McMaster University, Hamilton, Ontario, Canada

#
#
#
# By: Michael Levy
#

=

Date: May, 1992
KRR K F R ARk kR Rk Kk ok Kk ok kR ok ok ok kR kR R kR R R Kk kR R Rk R Rk Rk R R Rk kK K ek

3k 3 ok ok ok s ok sk ok ook ok ok Sk ok ok vk sk e ok ok ok ok sk e ok ok ke ok ok e ok ok ok ok ke sk ok ok ok ok ok e ok e ok ok ok ke sk ok ok ok ok ok sk ke kR k ke ke kR ke ok

#

# Makefile for the neural network training engine

Fhhkdkkkk ok ko hk ko kA hk kAT KA * kA Ak k ok kA kk ok ok ok k ko khkkkh ok ko kkkkkhkkkkkhhkkkkkkkkkkkkok

# Use these parameters for gcc compiler

#

# CC = gce

# CFLAGS = -0

# Use these parameters for Department of Biochemistry’s Silicon Graphics Iris
#

CC = cc

CFLAGS = -—acpp -0 -prototypes

LIBS = ~1lm

OFILES = main.o output.o train2.o user.o wts_init.o get_seqg.o wts_out.o

genmaxi6: $(OFILES)
${(CC) ${CFLAGS) -0 genmaxi6 $(OFILES) $(LIBS)

main.o: main.c main.h const.h
$(CC) $(CFLAGS) =-c main.c

output.o: output.c output.h const.h
$(CC) $(CFLAGS) =-c output.c

train2.0: train2.c train2.h const.h
$(CC) $(CFLAGS) -c train2.c

user.o: user.c user.h
$(CC) $(CFLAGS) -c user.c

wts_init.o: wts init.c const.h
$(CC) $(CFLAGS) -c wts_init.c

get_seq.o: get _seqg.c const.h
$(CcC) $(CFLAGS) -c get seq.c

wts_out.o: wts_out.c const.h
$(CC) $(CFLAGS) -c wts_out.c
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/*****************************************************************************

* Department of Computer Science and Systems
* McMaster University, Hamilton, Ontario, Canada
*

* By: Michael Levy
*

* Date: May, 1992

*****************************************************************************/

/*****************************************************************************
*

* const.h this file contains some constants used in the program

*
*****************************************************************************/

#define SEQ_SIZE 45 /* length of sequences used for training */
#define NB MAX 10 /* maximum neighbourhood size */
#define NUM_SEQ 164 /* number of sequences in the training file */
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* Department of Computer Science and Systems
* McMaster University, Hamilton, Ontario, Canada
*

* By: Michael Levy
*

* Date: May, 1992

*****************************************************************************/

/*****************************************************************************
*

* main.h Header file for main.c

*
*****************************************************************************/

/* Header files to be included */

#include <stdio.h>
#include <stdlib.h>
#include <time.h>

#include “"const.h"

/* Macro to return a random number within a specified interval */
#define getrandom{min, max) ( (rand() % {(max+l-min)) + min )

/* External functions */

extern void user_session( int num, char *setup );

extern void get_sequences( void );

extern void initialize( void );

extern float train( int i, int which );

extern void write output( long int t );

extern void write weights( void );

/* Variables */

int nb init; /* initial neighbourhood size for updating weights */

int nb; /* every neuron within a radius of nb of the winner will have
its weights updated */

int nb_size; /* dimension of neuron matrix specified by user */

int nb torder; /* user specified value of nb at t=t_order */

int t order; /* number of iterations user wants for ordering phase */

int t_tune; /* number of iterations user wants for tuning phase */

float alpha; /* learning parameter */

float alpha_init; /* initial value of alpha input by user */

float alpha torder; /* user specified value of alpha at t=t_order */

char train file[13]; /* file containing training sequences */

char out file{13]; /* output file */

char weight file([13]; /* weight file */
char names[NUM SEQ] [18+1]; /* names of the training sequences */

float sequences[NUM_SEQ] [4*SEQ_SIZE}];
/* training sequences in normalized code-4 form */

float weights[NB_MAX]} [NB_MAX] [4*SEQ SIZE];
/* 2-d array of neuron weight vectors */
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Department of Computer Science and Systems
McMaster University, Hamilton, Ontario, Canada

Date: May, 1992

*

*

*

* By: Michael Levy

*

*

3 39 Sk K ok ek K kKK Kk Kk kR R KRR R KRRk R KRRk R K KRRk kR Kk kKRR Rk ok [
[k e ek K e ek kKK ek ke ek Rk ko ok Rk ko ok ok ok ok ek ke ek kR ok kR Rk ok ok kR ke
*

* main.c A self-organizing neural network for classifying E. coli

* promoter sequences
*

*****************************************************************************/

#include "main.h"

void main{(int arge, char *argv([])
{ /* allows user to specify a file on the command line which contains
the network parameters */

int t; /* training cycle counter */

int i; /* training sequence counter */

int r; /* a random number */

int have_ it [NUM SEQ}; /* used to determine the order in which the

training sequences will be presented */
int rand order[NUM SEQ]; /* contains the order of sequences for the
current training cycle */

float nb_step; /* every nb_step training cycles neighbourhood
radius (nb) decreases by 1 */
float alpha rate; /* rate at which alpha decreases (slope) */

float nb_tcount; /* counter for signaling nb_step has been reached */

float ed; /* the Euclidean distance between a training
sequence and a neuron weight vector */

float forever; /* 500%nb size”2 */

double sqrt_ed; /* sqrt(ed) */

user_session(argc, argviargc-1]); /* get network parameters from user
or file specified on command line */

get sequences(); /* read sequences from training file and
store as normalized code-4 */

initialize(): /* initialize the weights matrix */
nb = nb_init; /* set initial neighbourhood size */
alpha = alpha_init; /* set initial value of alpha */

nb_tcount = 0;

nb_step = ({(float) (t_order))/((float) (nb_init - nb_torder));
/* neighbourhood size decreases by 1 every nb_step training
cycles */

alpha_rate = (alpha_init - alpha torder)/(-1.0 * (float) (t_order)):
/* rate of decrease of alpha */

forever = (float) (500*nb_size*nb_size);
/* alpha decreases at a much lower rate during tuning phase */

/* training phase */

for( t = 1; t <= t_order; t++ )
{
/* the sequences are presented in a random order every training
cycle */

for{ i = 0; i < NUM_SEQ; i++ )
have_it[i] = -1; /* initialize */
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srand ( (unsigned) (time (NULL))); /* seed random number
generator */

i=0;
do /* loop until all sequences have been chosen */
{
r = getrandom(0, NUM SEQ-1); /* a random number */
if( have_it([r] == -1) /* check if sequence r
has been stored */
{
have_it([r] = r;
rand_order([i] = r;
i++;

}
} while ( i < NUM_SEQ );
for( i = 0; i < NUM_SEQ; i++ )

/* find the neuron with the minimum Euclidean distance
to the current sequence and update the weights within
the neighbourhood of the winner */

ed = train( rand_order[i], 0 );

/* passing the position of the current training
sequence in the sequences array and a 0 which
is a flag to update the weights */

}
/* produce output every 100 training cycles */
if( t % 100 == 0 )
{
write output(t);
write weights();
}
alpha = alpha_rate * t + alpha_init; /* decrease alpha */
nb_tcount++;
if ( nb_tcount > nb_step )

nb = (nb == 1) ? nb : nb--;

/* if the initial size of nb is one to begin
with, then with this scheme nb will become
negative, therefore decrease neighbourhood

size by one only if nb is greater than 1 */

nb_tcount = 0;

nb = nb_torder; /* set nb = nb @ t=t_order */

/* tuning phase */

for( t = t_order+l; t <= t_tune+t_order; t++ )
for( i = 0; i < NUM_SEQ; i++ ) /* sequences not presented in
( random order here */
}

if(t % 100 == 0 )
{

ed = train( i, 0 });

write_output (t);
write weights();



}

alpha = alpha torder*{(t - forever)/(t_order - forever);
/* decrease alpha */
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Department of Computer Science and Systems
McMaster University, Hamilton, Ontario, Canada

By: Michael Levy

Date: May, 1992

{
*
*
*
*
*
KAEKKAK A NI KKK KA A XAk kA khkkkhkkdkkkkkkk ko kk ok kA ok kkkkdokkdkkkkkkkkkkkkkkkkkkkkkkkk /
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*

* output.h Header file for output.c
*

Fhd Kk ok Kk hkkk kK kkkkk ko kA ko k ko dkkkkdkhhkkkk ok kkhkkkkk kX kkkkkkkkkkkkdkhkkkkkkx /

/* Header files to be included */

#include <math.h>
#include <stdio.h>
tinclude "const.h"

/* Function prototype */
void write output( long int t );
/* External variables */

extern int errno;

extern float alpha init;

extern int t_order;

extern float alpha torder;

extern int t_tune;

extern int nb size;

extern int nb_init;

extern int nb torder;

extern char train file[13];
extern char out_file[l3];

extern char weight file{13];
extern char names[NUM SEQ] [18+1];
extern float sequences[NUM SEQ][4*SEQ SIZE];

/* External functions */
extern float train( int i, int which );
/* Variables */

int table[NUM SEQ][2]; /* Used to produce a sorted output */
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* Department of Computer Science and Systems
* McMaster University, Hamilton, Ontario, Canada
*

By: Michael Levy
Date: May, 1992

*
*
*
*****************************************************************************/

JHRFIRK KKK Ik ok kh ko k ok kA KA KK A KA A A K I AR KA ARk Ak kA ko hkk kA hkhkkkkkkkkk ok ko kkkk
*

* output.c writes all user_session data to the output file and produces a
* a table of all sequences and the neuron each clustered to
*

*****************************************************************************/

#include "output.h"

void write output( long int t )

int i, 3; /* counters */

int temp;

float ed[NUM SEQ]; /* Buclidean distances */

FILE *fp_out} /* file pointer */

int sorted[NUM_SEQ]; /* Sequences in sorted order; sorting with

respect to winning neuron */
if( (fp out = fopen( out_file, ™at+" ) ) != NULL )
{ /* append information to output file */

fprintf (fp_out, “alpha init = %f\n", alpha_init);
fprintf(fp out, "“t_order = %i\n"“, t_order);

fprintf (fp_out, "alpha torder = %f\n", alpha torder);
fprintf (fp_out, "t tune = %d\n", t_tune);

fprintf (fp_out, "nb_size = %i\n", nb_size):

fprintf (fp_out, "nb_init = %i\n", nb_init);

fprintf (fp_out, "nb_torder = %i\n", nb_torder);
fprintf (fp out, "train file = %s\n", train file);
fprintf(fp out, "weight file = $s\n", weight_file);
fprintf(fp_out, "\ncycles = %d\n\n", t);
fprintf(fp out, "CLUSTER TABLE:\n");

fprintf (fp_out, "=s===s========\n");

for( i = 0; i < NUM_SEQ; i++ )
sorted([i] = i; /* initialize */

for( i = 0; i < NUM_SEQ; i++ )
t ed[i] = train( i, 1);
/* flag is 1 so weights aren’t updated and setting
) table[i]{0] = min row and table[i]{1l] = min_col */
/* sort sequences with respect to winning neuron */
for( i = 1; i < NUM_SEQ; i++ )

for( j = NUM_SEQ-1; j >= i; j-- )
{

if( table[sorted[3j}] [0] < table{sorted[j-1]1]([0] )
{

temp = sorted[]];
sorted[j] = sorted{j-1];
sorted[j-1] = temp;

}

if( (table[sorted[j]l][0]
&& (table[sorted{jl][1}]

== table[sorted[j-1]1[
< table[sorted[j-1]1)}[1

temp = sorted[j];
sorted([j] = sorted[j-1];
sorted[j-1] = temp;

0
]

]
)

)
)
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}
/* output sequence, winning neuron, and Euclidean distance */
for( i = 0; i < NUM_SEQ; i+t )
fprintf (fp_out, "Training sequence %s “,names[sorted[i]]);
fprintf (fp out, "clustered to neurode (%d,%d) ",

table[sorted{i]][0], tablel[sorted[i]][1]):
fprintf (fp_out, "with ed = %f\n", ed(sorted[il}l] )

fprintf (fp_out, "\n\n\n");
fclose (fp_out);

printf ("Error number: %d\n", errno);
perror ("output.c\t");



/*****************************************************************************

Department of Computer Science and Systems
McMaster University, Hamilton, Ontario, Canada

Date: May, 1992

*
*

*

* By: Michael Levy

*

*
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*

* train2.h Header file for train2.c

*
*****************************************************************************/
/* Header files to be included */

#include <stdio.h>

#include <string.h>

#include <stdlib.h>

#include <math.h>

#include "const.h"

/* Macro to return the maximum of two values */
#define max(r,c) (r>c 2 r : c)

/* Function prototypes */

float train( int i, int which );
void update( int min_row, int min_col, int i, int start);

/* Variables */
extern int nb_size; /* neighbourhood size */

extern float weights[NB MAX] [NB MAX] [4*SEQ_SIZE];
/* 2-d array of neuron weight vectors */

extern float sequences{[NUM SEQ] [4*SEQ SIZE];
/* training sequences in normalized code-4 from */

extern int nb; /* current neighbourhood size */
extern float alpha; /* learning parameter */
extern int table[NUM_SEQ] [2];

/* for any sequence i, table[i] (0] = min row and
table[i] [1] = min_col */
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Department of Computer Science and Systems
McMaster University, Hamilton, Ontario, Canada

Date: May, 1992

*

*

*

* By:  Michael Levy

*

*
******************************‘k**********************************************/

/*****************************************************************************
*

* train2.c this routine calculates the Euclidean distance between all
* neuron weight vectors and a sequence and then updates all
* weights within radius = nb of the winner (ie. the neuron with

*

the least Euclidean distance to the training sequence)
*

*****************************************************************************/

#include “"train2.h"

float train( int i, int which )
{ /* 1 is the current sequence being tested,
which indicates if weight updating is to be performed */

int row, col, plane; /* row and col give the position of a neuron in
the output layer; plane is the dimension with
the neuron’s weight vector */

int right, left; /* counters */
int min_row, min_col; /* coordinates of winning neuron */

int start; /* position in neuron weight vector where weight updating
starts, since only those positions which lead to the
minimum Euclidean distance are updated */

float dist; /* distance between the sequence and a neuron’s
weight vector; to conserve computation sqrt is
no performed */

float min_dist; /* current minimum distance */
float euclidean; /* Buclidean distance */

/* initialize min_dist to a large value so that first distance
calculated will become the current minimum distance */

min_dist = 10000;

/* traverse the entire output slab of neurons calculating distance
to every neurode, keeping track of which neurode is the winner */

for ( row = 0; row < nb_size; row++ )
{
for( col = 0; col < nb_size; col++ )

/* Sliding the sequence like this, keeping track of best match
and where to start updating weights:

0123456789 <- neuron weight vector position
56789 <-
456789 |
3456789 |
23456789 |
123456789 |
0123456789 |
012345678 |
01234567 |
0123456 |
012345
01234 <-

- nucleotide position

*/
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/* increments of 4 because each nucleotide is represented
by 4 bits */

for{ left = 20; left >= 0; left -= 4 )
{

dist = 0;

for( plane = 0; plane < 4*SEQ_SIZE - left; plane++ )

dist += (sequences[i][left + plane] - weights([row]{[col]{plane]) *
(sequences[i] {left + plane] - weights[row] [col] [planel);

/* if the distance (scaled to length) just calculated is less
than the current minimum distance then change the minimum

coordinates to this neuron */

if( ( dist/{((float) (plane)) ) < min_dist )
{
min dist = dist/((float) (plane));
min row = row;
min_col = col;
start = ~1*left;
euclidean = (float) (sqrt ((double)dist));

}
for( right = 4; right <= 20; right += 4 )

dist = 0;
for( plane = 0; plane < 4*SEQ SIZE - right; plane++ )

dist += (sequences[i][plane] - weights[row] [col][right + plane]) *
(sequences[i] [plane] - weights[row] [col](right + plane]);

if( ( dist/((float) (plane)) ) < min_dist )

min dist = dist/((float) (plane));
min_row = row;

min _col = col;

start = right;

euclidean = (float) (sgrt((double)dist));

}

if({ which == 0 )
/* update weights within radius nb of the winner */
update (min_row, min_col, i, start);

else

{

/* record winner’s coordinates for seuence i */

table[i] [0] = min_row;
table(i] [1] = min_col;
}

return euclidean;

}

void update( int min_row, int min_col, int i, int start)
int row, col, plane; /* dimension counters */

int startr, finishr, startc, finishc;
/* define boundary of the neighbourhood around winner */



float scale; /* scaling factor for alpha */

int distance; /* distance a neuron is from the winner; e.g. for the
winner, distance = 0; for all neurons immediately
adjacent to the winner, distance = 1; etc. */

/* get the bounds of the neighbourhood for updating weights */

startr = ( (min_row - nb) < 0 ) 2 0 : (min_row - nb);
finishr = ( (min_row + nb) > nb_size-l1 ) ? nb_size~l : (min_row + nb);

startc = ( (min_col - nb) <0 ) 2 0 : (min_col - nb);
finishc = ( (min_col + nb) > nb_size-1 ) ? nb_size-1 : (min_col + nb);

if( start <= 0 ) /* weight updating starts left */
start = -l*start;
/* Update the weights */
for{ row = startr; row <= finishr; row++ )
for{ col = startc; col <= finishec; col++ )
{ distance = max(abs(min_row - row),abs(min_col - col));
scale = ((float) (nb + 1 - distance))/{(float) (nb+1});
for( plane = 0; plane < 4*SEQ SIZE - start; plane++ )

weights[row] [col] [plane] += ( alpha * scale ) *
(sequences[i] [plane+start] - weights[row] [col] [plane]);

}

else /* weight updating starts right */
{
for( row = startr; row <= finishr; row++ )
for( col = starte; col <= finishc; col++)

{
distance = max(abs{min_row - row),abs(min_col - col));
scale = ((float) (nb + 1 - distance))/((float) (nb +1));
for( plane = start; plane < 4*SEQ_SIZE; plane++ )

weights{row] [col] [plane] += ( alpha * scale ) *
(sequences[i] [plane-start] - weights([row] [col] [planel);
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Department of Computer Science and Systems
McMaster University, Hamilton, Ontario, Canada

Michael Levy

Date: May, 1992

************************************‘k***********‘k***************************/

*
*
*
* By:
*
*
*
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*

* user.h

*

Header file for user.c

*****************************************************************************/

/* Header files to be included */

#include <stdio.h>

/* Function prototypes */

void user session(int num, char *setup);

/* Variables */

extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern

int
int
int
int
int
int

errno;
t_order;
t_tune;
nb_size;
nb_init;
nb torder;

float alpha_torder;
float alpha_init;
float rate;

char train_file[13];
char out_file{13];
char weight_file([13];
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* Department of Computer Science and Systems
* McMaster University, Hamilton, Ontario, Canada

* %

By: Michael Levy

*

* Date: May, 1992

*****************************************************************************/

/*****************************************************************************
*

* user.c Required information from the user
*

*****************************************************************************/

#include "user.h"

void user_ session(int num, char *setup)

{
FILE *fp;

if{ num !'= 2 ) /* user didn't specify a file containing network setup
parameters on the command line, or user specified
more than one thing on the command line in which
case command line arguments are ignored and info is
input via keyboard */

printf("\nWhat is the initial value of alpha?\n");
scanf ("%f", &alpha_init);

printf("\nHow many iterations for the ordering phase?\n");
scanf ("%i", &t_order):

printf("\nWhat is the value of alpha at t=t_order?\n"):;
scanf ("%f", &alpha torder):

printf ("\nHow many iterations for the tuning phase?\n");
scanf ("$i", &t_tune);

printf (*"\nWhat is the dimension of the output neurode slab?\n");
scanf ("%1i", &nb_size);

printf("\nWhat is the initial neighbourhood radius for updating ");
printf ("weights?\n");
scanf ("%$i", &nb_init);

printf ("\nWhat is the neighbourhood size when ordering is done?\n");
scanf ("%i", &nb_torder);

printf("\nWhat is the name of the file containing the training"™);
printf (" patterns?\n");
scanf ("%s", train_file);

printf ("\nWhat is the name of the file that output should be");
printf(" written to2\n");
scanf ("¥s", out file);

printf("\nWhat is the name of the file that will hold the final");
printf (™ network weights?\n");
scanf ("%s", weight_file);

}

else /* get parameters from file specified by user on command line */
if( (fp = fopen(setup, “rt") ) != NULL)
{

fscanf (fp, "%f", &alpha init);
fscanf (fp, "%d", &t order);
fscanf (fp, "%f", &alpha_torder);
fscanf (fp, "%d", &t_tune);
fscanf (fp, "%d", &nb_size);
fscanf (fp, "%d", &nb init);
fscanf (fp, “%d", &nb_torder);
fscanf (fp, "%sv, train_file);
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else

fscanf (fp, "%s", out_file);
fscanf (fp, "%s", weight file);

fclose (fp) ;

/* an error has occurred */

printf("Error number: %d\n"“, errno);
perror ("user.c\t");
printf ("Parameters must be entered from keyboard.\n");

/* force user to input parameters from keyboard */
user_session{(l, "\0");
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* Department of Computer Science and Systems
* McMaster University, Hamilton, Ontario, Canada
*

* By: Michael Levy
*

* Date: May, 1992

*****************************************************************************/

/*****************************************************************************

*

* wts_init.c Initialize neuron weight vectors to random values between

* 0 and 1, then normalized by dividing each value by the square
x root of the sum of the squares of the weight vector.

*
*****************************************************************************/

/* Files to be included */
#include <stdio.h>
#include <math.h>

#include <stdlib.h>
#include <time.h>

#include “const.h"

/* Function prototypes */

void initialize(void);
extern double drand48(void);

/* External Variables */

extern float weights[NB_MAX] [NB_MAX] [4*SEQ SIZE];
extern int nb size;

void initialize(void)
{

int row; int col; int plane; /* dimension counters */

float a[NB MAX] [NB MAX]; /* holds the square root of the sum of
squares of every neuron weight vector */

/* seed the random number generator with the time */
srand48( (unsigned)time (NULL) );

/* for every neuron [row,col], assign it random weights and store
the square root of sum squared weights */

for( row = 0; row < nb_size; row++ )
for{ col = 0; col < nb_size; col++ )
afrow}[col] = O;
for( plane = 0; plane < 4*SEQ SIZE; plane++ )
{ weights[row] [col] [plane] = (float)drand48();

alrow] [col] += weights{row](col][plane] *
weights{row] [col] [plane];
}

a[row] [col] = (float)sqgrt( (double)a[row][col] ):
}

/* normalize every neuron’s weight vector by dividing each number
by the neuron’s square root of sum squared number */

for ( row = 0; row < nb_size; row++ )
for( col = 0; col < nb_size; col++ )
for( plane = 0; plane < 4*SEQ SIZE; plane++)
weights([row] [col] [plane) /= a[row][col];
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* Department of Computer Science and Systems
* McMaster University, Hamilton, Ontario, Canada

* %

By: Michael Levy

*

* Date: May, 1992

*****************************************************************************/

/*****************************************************************************
*

* get_seqg.c Get the sequences from the training file and convert to

*

normalized code-4 form
*

*****************************************************************************/

/* Files to be included */
#include <stdio.h>

#include <math.h>
#include "const.h"

/* Function prototypes */
void get sequences(void);
/* External Variables */

extern float sequences[NUM_SEQ] (4*SEQ SIZE];
extern char train file[13];

extern char names[NUM SEQ][18+1];

extern int errno; -

void get_sequences (void)

{
char seq in[SEQ SIZE + 1]; /* a line from the training file */
char *ptr; /* used to traverse seq_in */

float denom; /* to normalize the code-4 representation of the
training sequence, divide by the sum of the squared
weights */
FILE *fp; /* file pointer for training file */
int 1i,7; /* counters */
if( (fp = fopen{train file, "rt") ) != NULL )
{
/* one over the sgrt of the sum of the square weights */
denom = (float) (1.0/sqrt ({(double)SEQ SIZE));
/* normalize every sequence in the training file */
for( i = 0; i < NUM_SEQ; i++)
{
/* the first 18 characters are assumed to be the
the sequence’s name and the rest of the line is

the sequence. */

fscanf( fp, "%s", names[i] );
fscanf( fp, "%s", seq_in );

ptr = seq in; /* set ptr to point to seg_in */
/* store the sequence as normalized code-4 */
for( j = 0; j < 4*SEQ_SIZE; j = j+4 )

: /* set the 4 bits of the base to zero */

sequences{i] [j) = 0;
sequences[i] [j+1]
sequences[i] [j+2]
sequences[i] [j+3]

~e

o
OO
~ ~e
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/* set the appropriate position of the code-4
representation of the nuclectide to
normalized code-4 */

switch (*ptr)
{
case "A’':
sequences (i} {j] = denom;
break;

case 'C’:
sequences (i} [j+1] = denom;
break;

case 'G’:
sequences([i] [j+2]) = denom;
break;

case 'T':
sequences[i] [j+3] = denom;
break;

}

ptr++; /* next nucleotide */
}

}
fclose (fp):
}

else /* an error has occurred */
{
printf("\nError number: %d\n", errno);
perror {“"get seq.c\t");
printf{"\nPlease re-enter\n");
printf ("\nWhat is the name of the file containing the training");
printf (" patterns?\n");
scanf ("$s", train_file);
get_sequences () ;
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Department of Computer Science and Systems
McMaster University, Hamilton, Ontario, Canada

*
*
*
* By: Michael Levy
*
*
*

Date: May, 1992
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/******‘k*********‘k************************************************************
*

* wts_out.c Write the neuron weights to a file. First number in file is
* the dimension of the network. Weights are listed one per line.
*

KAI KKK A K I kA KT A K I A h kA A h ok hk ok h ko k ok kA h ok ok h kA Ik kA ko khkkkkk ko hkkkkxkkkkkkkkk /

/* FPiles to be included */

#include <stdio.h>
#include "const.h"

/* Function prototypes */

void write weights(void);

/* External Variables */

extern char weight file(13];

extern int nb size;

extern float weights{NB MAX] [NB_MAX] [4*SEQ SIZE];

extern int errno;

void write weights(void)

int row, col, plane; /* dimension counters */
FILE *fp;
if( (fp = fopen( weight_file, "wt"™ ) ) != NULL )
{
fprintf (fp, “%i\n"“, nb_size);
for{ row = 0; row < nb size; rowt+ )
for( col = 0; col < nb_size; col++ )

for( plane = 0; plane < 4*SEQ SIZE; plane++ )
fprintf (fp, "%$f\n",weights[row] [col] [plane});

fclose (fp);
}

else /* an error has occurred */

{

printf ("Error number: %d\n", errno);
perror (“wts_out.c\t");
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Department of Computer Science and Systems
McMaster University, Hamilton, Ontario, Canada

#
#
#
# By: Michael Levy

#

# Date: May, 1992
#*********k*******************************************************************
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# Makefile for the neural network query program

#*****************************************************************************

Use these parameters for gcc compiler

CC = gce

#
#
#
# CFLAGS = -0

Use these parameters for Department of Biochemistry’s Silicon Graphics Iris

He e

CC = cc
CFLAGS‘= —-acpp -0 -prototypes

LIBS = -1m
OFILES = cluster.o optest2.o0 allocspc.o

cluster: $(OFILES)
$(CC) $(CFLAGS) -o cluster $(OFILES) $(LIBS)

cluster.o: cluster.c const.h
$(CC) $(CFLAGS) -c cluster.c

optest2.0: optest2.c const.h
${CC) $(CFLAGS) -c optest2.c

allocspc.o: allocspe.c
$(CC) $(CFLAGS) -c allocspc.c
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Department of Computer Science and Systems
McMaster University, Hamilton, Ontario, Canada

Date: May, 1992

*

*

*

* By:  Michael Levy

*

*
*****************************************************************************/
/*****************************************************************************
*

* const.h this file contains some constants used in the program

*
*****************************************************************************/
#define SEQ_SIZE 45 /* length of sequences used for training */

#define NB_MAX 10 /* maximum neighbourhood size */
#define NUM_SEQ 164 /* number of sequences in the training file */
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* Department of Computer Science and Systems
McMaster University

*
*
* By: Michael Levy

*

* Date: May, 1992

R R R R L L L R R R T N L 2.7

/*****************************************************************************
*

* cluster.c A program for querying the trained neural networks
*

******************************************************'k***‘k**’k*k**‘k***********/

/* Header files to be included */

#include <stdio.h>
#include <string.h>
#include "const.h"

#define MAX 300 /* maximum number and length of query sequences */
/* External functions */

extern void get_consensus (void);

/* Function prototypes */

void eerror(char *where);

void get weights(void);

void find winner(int i, int r, int ¢);

int get_ sequences(void);

char seq[MAX] [MAX+1]; /* array of query sequences */

char names[MAX] [18+1]; /* names of query sequences */

char cons[NB_MAX] [NB_MAX] [SEQ_SIZE+l]; /* consensus sequences determined
from a trained network’s weights */

float match[MAX] [SEQ_SIZE]; /* the score between two bases */
float max_score; /* maximum score for a query sequence */
float scores([MAX]; /* maximum scores for all query sequences */

float weights{[NB MAX] [NB MAX] [4*SEQ SIZE]; /* weights of a trained network */

int start; /* starting position of the best alignment */

int row, col; /* network dimension counters */

int lineup[MAX]; /* alignment starting positions of all query sequences */

int nb_size; /* size of the neural netwrok being queried (from weight
file) *x/

int belongs[NB_MAX] [NB MAX] [MAX+1]; /* used to keep track of which query
sequences belong to which neuron */

void eerror( char *where ) /* print an error message */
{

perror (where) ;

exit (1);
}

int get_sequences(void) /* read in the query sequences */

{

char test_file[50]; /* file containing query sequences */
FILE *fp; /* file pointer for test file */
int i; /* counter */

printf (*\nWhat is the name of the file containing test sequences?\n"):;
scanf ("$s", test_file);

if( (fp = fopen(test_file, “rt") ) != NULL )
{

/* first 18 characters are expected to be the name of the
query sequence and the rest of the line is the sequence */

i= 0;
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while( fscanf (fp, “"%s", names[i]) != EOF )
{
fscanf( fp, "%s", seq[i] );

i++;
}
fclose (fp);
}
else /* an error has occurred */
{
}

return i; /* return number of sequences read in */

eerror ("Error opening file");

}
void get_weights(void) /* read in the trained network’s weights */

int r,c,p; /* row, column, and plane for traversing weight’s array */
FILE *fp; /* file pointer for weight file */
char weight_ file([50]; /* name of weight file */

printf ("\nWhat is the name of the weight file?\n"):
scanf ("%s", weight file);

if( (fp = fopen(weight file, “rt") ) != NULL)
{
fscanf(fp, "%d", &nb size); /* dimension of neural network */

for( r = 0; r < nb_size; r++ )
for( ¢ = 0; ¢ < nb size; c++ )
for{ p = 0; p < 4*SEQ SIZE; p++ )
fscanf (fp, "%f", &weights([r]([clp]):

fclose(fp):
}
else /* an error has occurred */

{
}

eerror ("Error opening weights file");

}

void find winner(int i, int r, int ¢} /* calculate the best alignment between
sequence i and neuron (r,c) */

{

char *ptr; /* points to a character of the query sequence */
int size; /* length of the query sequence */

int %, y, z; /* counters */

int posn; /* used to get the weight from the neuron weight

vector for each nucleotide of the query sequence */
float score; /* score of the best alignment for this neuron */
size = strlen( seq(i] }; /* length of current query sequence */

/* for each nucleotide in the query sequence determine the weight of
a match with every position of the neuron weight vector */

for({ x=0, ptr=seq[i]; x<size; x++, ptr++ )
switch( *ptr )
{

case 'A’:
posn = 0;
break;

case 'C’:
posn = 1;
break;

case ‘G’':
posn = 2;
break;

case 'T’:
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posn = 3;
break;

}

/* record the weight from the neuron weight vector of having
nucleotide x in each position */

for( y=0; y<SEQ SIZE; y++ )

match[x] [y] = weights[r]([c] [4*y+posn];
}

/* dynamic programming method of comparing two sequences: calculate
the score of every possible line-up of the query sequence and the

neuron weight vector by "sliding"™ the two sequences relative to
one another, example:

ACGT
TGCA
TGCA
TGCA
TGCA
TGCA
TGCA
TGCA x/
/* Calculate the scores of all the line-ups produced by firstly
comparing the last nucleotide of the query sequence with the
first nucleotide of the weight vector and then moving, one base

at a time, the query sequence to the right. Stops when the
first bases of both sequences line up */

for( z=size-1; z>=0; z~- )
{

score = 0;
/* calculate score of current line-up */

for( x=z, y=0; x <= size-l; x++, y++ )
score += match{x]{y}:

if( score > max_score )
{
/* keep track of maximum score, starting position of
the line-up for display purposes, and neuron in
case this is overall best match of the network */

max score = scorey

}

/* Calculate the scores of all the line-ups produced by firstly
doing a straight comparison .and then moving, one base at a time,
the query sequence to the right. Stops when the last nucleotide

of the weight vector is compared with the first nucleotide of the
query sequence %/

for( z=0; z<SEQ SIZE; z++ )
{

score = 0;

for( x=0, y=2z; y < SEQ_SIZE; x++, y++ )
score += match({x](y]:

if( score > max_score )

max_score = score;
start = =1*z;

row = r;

col = ¢;



}

void main(void)

{

int numseq, i, r, ¢, largest;
char space[MAX+1];
char BLANKS [MAX+1]:

numseq = get_sequences();
get_weights(};
get _consensus();

/* read in que
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/* main routine for query program */

ry sequences */

/* read in network weights */
/* convert network weights into

consensus sequences */

/* initialize belongs array */

for( r=0; r<nb_size; r++ )
for( ¢=0; c<nb_size; ct+t )
belongs{r)[c] [0] = O;

/* intialize BLAMKS */
strcpy ( BLANKS, "\0" );

for( i=0; i<MAX; i++ )
strcat ( BLANKS, "™ " );

/* for each query sequence find the winning neuron, positions of

best alignment, and score */
for (i=0; i<numseq; i++)
max_score = -1;

for(r=0; r<nb_size; r++)
for(c=0; c<nb_size; c++)

find winner(i,r,c);

belongs[row] [col] [0] += 1;

/* find best alignment
of sequence i to
neuron (r,c{ */

/* increment counter */

/* record sequence i as having best alignment with

neuron (row,col) */

belongs{row] [col] [belongs(row] [col] {0]] = i;

lineup(i]
scores[i}

start;

}

/* record starting posn of alignment */
max_score; /* record score */

/* for each neuron output the consensus sequence of the alignments of

the sequences which clustered to it */

for( r=0; r<nb size; r++ )
for( ¢=0; c<nb_size; c++ )
if( belongs[r][c][0] > 0 )
{
largest = 0;

/* find largest starting position of all the
sequences which clustered to the current

neuron */

for( i=1; i<=belongs[r]lc}[0]; i++ )

{

if( largest < lineuplbelongs[r]([c)}[i]] )

largest =

}

strcpy( space, "\O"

lineup([belongs[r] {ec] [i]];

)z

strncat ( space, BLANKS, largest );

/* print consensus sequence with largest
spacing so everything lines up properly */

printf("\nconsensus

(%d, %d) \t\t\t¥s%s\n", r,



c, space, cons[r][ec]):

/* print each sequence clustered to the
current neuron */

for( i=1; i<=belongs[r][c][0]); i++ )
{
strcepy( space, "\0" );
strncat ( space, BLANKS,
(largest-lineup[belongs{r][c][i]]) ):

printf (*"$-20s", names[belongs{r][c]([i]]);
printf(™ $6.3f", scores[belongs[r]{c][il]):
printf("\t%s%s\n", space, seqglbelongs[r]l{cl([i]]):
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Department of Computer Science and Systems
McMaster University

Date: May, 1992

*

*

*

* By: Michael Levy

*

*

R e L T T

/*****************************************************************************
*

* allocspce.c Memory allocation routines. These routines are from the
Yy

* public domain backpropagation program opt

*

*****************************************************************************/

#include <stdio.h>
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*

Matrix allocation routines. To allocate a 10 by 10 matrix of FTYPE use:
char **alloc2d{(); FTYPE **x;

x = (FTYPE **) alloc2d(10, 10, sizeof (FTYPE)):

To free this matrix use:

free2d (x);

*
*
*
*
*
*
*
*
*
*

**********************************************************************/

char **alloc2d (int diml, int dim2, int size)

{

int i;

unsigned nelem;

char *calloc (), *p, **pp;
nelem = (unsigned) diml *dim2;

p = calloc (nelem, (unsigned) size);

("

f (p == NULL)
return (NULL);

pp = (char **) calloc ((unsigned) diml, (unsigned) sizeof (char *));
if (pp == NULL)
{

cfree (p);

return (NULL);
}
for (1 = 0; i < diml; i++4)

+

pplil =p i * dim2 * size;

return (pp):

free2d (char **mat)

if(mat != NULL && *mat != NULL)
cfree((char *) *mat);
if{mat != NULL)

cfree((char *) mat);
return(0);

/***********************************************************************
*

* Allocate 3 dimensional array
*

***********************************************************************/
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char

{

**%3]1loc3d (int diml, int dim2, int dim3, int size)

int i;
char *calloc (), **pp, ***ppp;

pp = (char **) alloc2d (diml * dim2, dim3, size);

if (pp == NULL)
return (NULL);

ppp = (char ***) calloc ((unsigned) diml, (unsigned) sizeof (char *¥));
if (ppp == NULL)
{

free2d (pp):

return (NULL);
}

for (i = 0; i < diml; i++)
ppp(i}l = pp + 1 * dim2;

return (ppp):;
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Department of Computer Science and Systems
McMaster University

/
*
*
*
* By: Michael Levy
*

* Date: May, 1992

*
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/*****************************************************************************
*

* optest2.c Routines used to query the trained backprop network to
* convert weights from the Kohonen net into a consensus
* sequence. Some functions taken from the public domain
* version and modified for this specific application.

*

*

****************************************************************************/

/* Header files to be included */

#include <stdio.h>
#include <ctype.h>
#include <math.h>

#include <string.h>
#include "const.h"

#define EMAX 50

#define EMIN -50

#define WT “opt.wts"™ /* the name of the file containing the backprop weights
for iupac assignment */

/* External functions */

extern void eerror( char *where );

extern char **alloc2d (int diml, int dim2, int size);

extern char ***alloc3d (int diml, int dim2, int dim3, int size);
/* External variables */

extern int nb_size;

extern float weights[NB MAX] [NB MAX] [4*SEQ SIZE];
extern char cons[NB_MAX] [NB_MAX] [SEQ SIZE+1];

double ***yw, **kact, **inact;
int nlayers, nin, *sz;
FILE *inp;

/*************************************************************************/

double f( double s )
{
double x;

X = s;
if (x > EMAX)
x = EMAX;
else if (x < EMIN)
x = EMIN;
return (double) 1. / (1. + exp (-(double) x)):
}

/*************************************************************************
*

* Calculate output of net for input # iin
*

*************************************************************************/

void up_act( int iin )

{
int i1, i2, i1, ct:
double s;

for (i2 = 0; 12 < sz[1]; i2++)

s = 0.;
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for (i1 = 0; il < sz[0]; il++)
s += w[0])[i2]1[il] * inact[iin][il];
act[1]([i2] = f (s):

}
for (il = 1; il < nlayers - 1; il++)

for (i2 = 0; 12 < sz[il + 1]; i2++)
{

s = 0.;
for (il = 0; il < sz[il]l; il++)
s += w[il}{i2}[il] * act([il){il];
act[il + 11{i2]) = £ (s);
}

/*************************************************************************/
char *iupac( int cmax ) /* assign an iupac sybmol to the winner */
char x[1 +1];

switch( cmax )}

case 0 : strcpy(x, "A"); break;
case 1 : strepy(x, "M"); break;
case 2 : strcpy(x, "R"); break;
case 3 : strcpy(x, "W"); break;
case 4 : strepy(x, "V"); break;
case 5 : strcpy(x, "H"); break;
case 6 : strepy(x, "D"); break;
case 7 : strcpy(x, "N"); break;
case 8 : strcpy(x, "C"); break;
case 9 : strcpy(x, "S"); break;

case 10 : strepy(x, "Y"); break;
case 11 : strcpy(x, "B"); break;

case 12 : strecpy(x, "G"); break;
case 13 : strepy(x, "K"); break;
case 14 : strepy(x, "T"); break;

}

return x;

}

/*************************************************************************/

void get_consensus(void) /* convert weights to consensus sequences */

double amax, ferr, x[4], sum;
int iin, iit, i1, i, i1, i2, szmax;
int finsz, cmax, nll;

char node [SEQ_SIZE+1];
char symbol [1+1];

int r,c,p;
extern char *optarg;
extern int optind;

/* open the weight file, alloc memory, and read in weights */

if (!(inp = fopen (WT,"r")))
eerror ("Error opening input file for weights"):;

fread (&iit, sizeof (int), 1, inp):
fread (&nlayers, sizeof (int), 1, inp);

if (!{sz = (int *) malloc (nlayers * sizeof (int)))})
eerror ("sz malloc error");

fread (sz, sizeof (int), nlayers, inp);

nll = nlayers - 1;
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szmax = 0;
for (il = 0; il < nlayers; il++)
if (sz[il] > szmax)
szmax = sz[il};
if (!(inact = (double **) alloc2d ((nb_size*nb_size*SEQ SIZE), sz[0],
sizeof (double))))
eerror ("inact alloc2d error");

if (!(act = (double **) alloc2d (nlayers, szmax, sizeof (double))))
eerror (“act alloc2d error"™);

if (!(w = (double ***) alloc3d (nll, szmax, szmax, sizeof (double))))
eerror ("w alloc3d error");

for (il = 0; il < nll; il++)
for (i1 = 0; il < sz[il + 1]; il++)
fread (w[il][il], sizeof (double), sz[il], inp):
fread (&ferr, sizeof (double), 1, inp);
iin = 0;
/* convert weights into proper format for opt query */
for( r=0; r<nb size; r++ )
for( c=0; c<nb_size; c++ )
for( p=0; p<SEQ_SIZE; p++ )
{
sum = 0;
for (il = 0; il < sz[0] - 1; il+4+)
{
x{il] = weights{r]([c] [4*p+il]:
sum += x[il];

}

for (il = 0; il < sz[0] - 1; il++)
inact{iin]} [il] = x(il]/sum;

inact[iin} [sz[0]) - 1] = 1.;

iin++;

}
finsz = sz[nll];

strcpy ( node, "“\0O" );
c = 0;

/* query opt with weights and convert to consensus sequence */
for (iin = 0; iin < (nb_size*nb_size*SEQ SIZE); iin++)

up_act (iin);

/* find most active output neuron */

ct[nlayers - 1]([0];

amax = a
= 0;

cmax
for (i = 1; i < finsz; i++)

if {(act([nlayers - 1][i] > amax)

{
ct[nlayers - 1}(i};

r

amax
cmax

a
i
}

strepy (symbol, iupac(cmax));
strcat (node, . symbol);

/* store consensus sequence */



if(

((iintl) % SEQ_SIZE) == 0 )

strepy (cons{c/nb_size] [c¥nb_size], node);
ct+;
strcpy (node, "\0");
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APPENDIX B: HARLEY AND REYNOLDS PROMOTER DATABASE
E. coli Promoter Database

List of promoter sequences arranged alphabetically by name (a) and aligned with
respect to optimal -35 (c) and -10 hexamer sequences (d) consistent with the
transcriptional start. Column (b) designates promoter type: b, bacterial; p, plasmid or
transposon; f, phage; M, mutation or fusion which generates a new promoter; m, point
mutation in an existing promoter. The lower case bases(s) downstream of the -10 region
denotes experimentally determined transcriptional start point(s). Column (e) indicates
spacing in base pairs between -35 and -10 hexamers. Column (f) reports relative promoter
homology index (PHI) of promoter elements in columns c,d,e as described in Harley and
Reynolds, 1987. Column (g) signals discrepancies between the promoter elements
consistent with the transcriptional start data and the best promoter elements independent
of start data (indicated by double underline). Only discrepancies for which the PHI values
of these promoters differed by at least 0.5 are shown. Column (h) signals discrepancies
between the computer selected promoter elements and published -35 and -10 sequences
(shown by single underline). The figures in these columns are PHI values corresponding
to the underlined promoter elements. Column (i) indicates the nature of experimental data
defining the transcription start: 1, total or partial RNA sequence with identification of the
5’ nucleoside triphosphate; 2, mutational or genetic identification of -35 and -10 regions;
3, high resolution sizing of in vitro transcripts; 4, high resolution s1 nuclease mapping.

SEQUENCE  TYPE ~35 -10 S PHI DISCREP. TS
(a) {b) {c) (d) {e) (f) (g) (B} (i)

aceEF b ACGTAGACCTGT CTTATT GAGCTTTC  CGGCGAGAG TTCAAT GGGaCAGGTCCAG 17 -4.3 -4.2 4

ada b AAGATTGTTGGTTT TTGCGT GATGGTGA  CCGGGCAGC CTAAAG GCTaTCCTTAACC 17 -5.5 -3.4 -4.6 4

alas b AACGCATACGGTAT TTTACC TTCCCAGIC  AAGAAAACT TATCTT ATTCCCACTTTTCAGT 18 -3.1

ampc b TGCTATCCTGACAG TTGTCA CGCTGATT GGTGTCGT TACAAT CTAACGCATCGCCAATG 16 -1.5

ampC/C16 b GCTATC TTGACA GTTGTCAC  GCTGATTGG TATCGT TACAATCTaACGTATCG 17 -1.3 1,3

araBAD b TTAGCGGATCCTAC CTGACG CTTTTTAT CGCAACTC TCTACT GTTTCTCCATaCCCGTT 16 -3.6 -3.7

arac b GCAAATAATCAATG TGGACT TTTCTGCC  GTGATTATA GACACT TTTGTTACGCGTTTTIG 17 -3.6

araE b  CTGTTTCCGAC CTGACA CCTGCGTGA GTTGTTCACG TATTTT TTCACTATGTCTTACTC 19 -3.2 4

aral(c) m  AGCGGATCCTAC CTGGCG CTTTTTAT CGCAACTC TCTACT GTTTCTCCATaCCCGIT 16 -4.3 4

aral(c)X(c) m AGCGGATCCTAC CTGGCG CTTTTTATC  GCAACTCTC TACTAT TTCTCCATaCCCGTTTT 18 -3.8 4

argCBH b TTTGTTTTTCATTG TTGACA CACCTCTGG  TCATGATAG TATCAA TATTCaTGCAGTATT 18 =-2.4 -2.6

argCBH-P1/6~ m TTTGTTTTTCATTG TTGACA CACCTCT GGTCATAA TATTAT CAATATTCAaTGCAGTAT 15 -2.0

argCBH-P1/LL m TTTGTTTTTCATTG TTGACA CACCTCT GGTCATGA TATTAT CAATATTCaTGCAGTAT 15 -2.0

argE-P1 b TTACGGCTGGTGGG TTTTAT TACGCTCA  ACGTTAGTG TATTTT TATTCaTAAATACTGCA 17 ~2.6 4

argeE-p2 b CCGCATCATTGCTT TGCGCT GAAACAGT  CAAAGCGGT TATGTT CATaTGCGGATGGCG 17 ~-3.9 -3.9 4

arge/LL13  m CCGCATCATTGCTT TGCGCT GAAACAGT  CAAAGCGGT TATATT CATaTGCGGATGGCG 17 -3.3

argF b ATTGTGAAATGGGG TTGCAA ATGAATAA  TTACACATA TAAAGT GAATTTTaATTCAATAA 17 -1.7 4

argI b AGAC TTGCAA ATGAATAA  TCATCCATA TARATT GAATTTTaaTTCATTGA 17 -1.5 4

argr b TCGTCGCCGCG TTGCAG GAGCAAGG  CTTTGACAA TATTAA TCAGTCTaaaGTCTCGG 17 -3.2 -5.9 2,4

aroF b TACGAAAATATGGA TTGAAA ACTTTACT TTATGTGT TATCGT TACGTCaTCCTCGCTG 16 -1.9 2,4

aroG b AGTGTAAAACCCCG TTTACA CATTCTGA  CGGAAGATA TAGATT GGAAGTaTTGCATTCA 17 -1.6 2,4

aroH b GTACTAGAGAACTA GTGCAT TAGCTTAT TTTTTTGT TATCAT GCTA2ccaCCCGGCGAG 16 -3.1

bioA b GCCTTCTCCAAAAC GTGTTT TTTGTTGTT  AATTCGGTG TAGACT TGTaaaCCTAMATCT 18 ~-3.8 -3.4

bioB b TTGTCATAATCGAC TTGTAA ACC AAAAGATT TAGGTT TACAAGTCLACACCGAA 17 =2.2
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bioP98
C62.5-P1
carAB-P1
carAB-P2
cat
cit.util-379
cit.util-431
CloDFcloacin
CloDFrnal
COlEl1-B
colEl-C
ColE1-P1l
COlE1-P2
colEl1l10.13
colicinEl P3
crp

cya

dapb

deo-P1
deo-P2
deo-P3

divE
dnaA-lp
dnaA-2p
dnak-P1
dnak-pP2
dnaQ-p1
dnaQ-p2
fdviII

fdx

fol
Fpla-oriTpX
Fplas—-traM
Fplas-traY/2
frdABCD
fuma
t-8-tnpA
T-8-tnpR
gal~P1
gal-pP2
gal-P2/mut-1
gal-pP2/mut-2
glnL

gins
gltA-Pl
gltA-P2
9lya
glyA/geneX
gnd

grok

gyrB

his

hisA

hisBp
hisJ(st)
hiss
htpR-P1
htpR-P2
htpR-P3
ilvGEDA
ilviH-P1
ilvIH-P2
ilvIH-P3
ilvIH-P4
Islins PL
ISlins PR
IS21-11
lact

lacPl
lacP115
lacP2
lambdacl?
lambdacin
lambdaL57
lambdaPI
lambdaPL
lambdaPo
lambdaPR
lambdaPR’
lambdaPRE
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TTGTTAATTCGGTG TAGACT TGTAAACC  TAAATCTTT TAAATT TGGTTTaCAAGTCGAT 17
CACCTGCTCTCGC TTGAAA TTATTCTC  CCTTGTCCC CATCTC TCCCAcatCCTGTTTT 17
ATCCCGCCATTAAG TTGACT TTTAGCGC  CCATATCTC CAGAAT GCCGCCQTTTGCCAGA 17
TAAGCAGATTTGCA TTGATT TACGTCATC  ATTGTGAAT TAATAT GCAAaTAAAGTGAG 18
ACGTTGATCGGC ACGTAA GAGGITCC  AACTTTCAC CATAAT GAAATAAGATCACTACC 17
AAACAGGCGGGG GTCTCA GGCGRCTAR  CCCGCAAAC TCTTAC CTCT, ATAATTCTG 18
GACAGGCACAGCA TTGTAC GATCARCTG  ATTTGTGCC AATAAT TAaaTGAAATCAC 18
TCATATATTGACAC CTGAAA ACTGGAGG AGTAAGGT AATAAT CATACTGTGTATATAT 16
ACACGCGETTECTC TTGAAG TGTGCGCCA  AAGTCCGGE TACACT GGAAGGACAGATTTGG 18
TTATAAAATCCTCT TTGACT TTTAAAA CAATAAGT TAAAAA TAAaTACTGTAA 15
TTATAAAATCCTCT TTGACT TTTAAAAC AATAAGTT AAAAAT AAATACTGTACATATAA 16
GGAAGTCCACAGTC TTGACA GGGAAAAT  GCAGCGGCG TAGCTT TTATGCTGTATATAAAA 17
TTTTTAACTTATTG TTTTAA AAGTCAAA GAGGATTT TATAAT GGAAACCGCGGTAGCGT 16
GCTACAGAGTTC TTGAAG TAGTGGCCC  GACTACGGC TACACT AGAAGGACaGTATTTGG 18
TTTTTAACTTATTG TTTTAA AAGTCAAA GAGGATTT TATAAT GGAAACCYCGGTAGCGT 16
AAGCGAGACACCAG GAGACA CAAAGCGA  AAGCTATGC TAAAAC AGTCAGGATGCTACAG 17
GTAGCGCATCTTTC TTTACG GTCAATCA  GCAAGGTGT TABATT GATCACGTTTTAGACC 17
AAGTGCATCAGCGG TTGACA GAGGCCCTC  AATCCAAAC GATAAA GGGTGatgTGTTTACTG 18
CAGAAACGTTTTA TTCGAA CATCGATCT CGTCTTGTGT TAGAAT TCTAACaTACGGTTGC 19
TGATGTGTA TCGAAG TGTGTTGCG GAGTAGATGT TAGAAT ACTAACaAACTCGCAA 19
ACACCAACTGTCTA TCGCCG TATCAGCG AATAACGG TATACT GATCTGaTCATTTAAA 16
ABACAAATTAGGGG TTTACA CGCCGCAT  CGGGATGTT TATAGT GCGCGTCaTTCCGGAAG 17
TGCGGCGTARATCG TGCCCG CCTCGCGGC — AGGATCGTT TACACT TAGCGAQTTCTGGAAA 18
TCTGTGAGAAACAG AAGATC TCTTGCGC  AGTTTAGGC TATGAT CCGCggtecCGATCG 17
TTTGCATCTCCCCC TTGATG ACGTGGTTT — ACGACCCCA TTTAGT AGTcaaCCGCAGTG 18
ATGAAATTGGGCAG TTGAAA CCAGACGT TTCGCCCC TATTAC AGACtcaCAACCACA 16
GCCAGCGCTAAAGG TTTTCT CGCGTCCG CGATAGCG TAARAT AGCQCccGTAACCCC 16
CCATCGGTGAAAAT TTCTAC CTGTTTAAG  CATCTCTGG TAGACT TCCtgtaATTGAAT 18
GATACAAATCTCCG TTGTAC TTT GCGCTTGG TATAAT ccc!%EEEEECAAAG 16
TCTTAATCTTTTTG ATGCAA TTCGCTTT  GCTTCTGAC TATAAT AGACAGGGTAAAGACCT 17
CATCCTCGCACCAG TCGACG ACGGTTTA  CGCTTTACG TATAGT GGCGACAATTTTTTTT 17
GAACCACCAACCTG TTGAGC CTTTTTGT  GGAGTGGGT TARATT ATTTaCGGATAAAG 17
ATTAGGGGTGCTGC TAGCGG CGCGGTGT  GTTTTTTTA TAGGAT ACCGCTaGGGGCGCTG 17
GCGTTAATAAGGT GITAAT AAAATATA  GACTTTCCG TCTATT TaccttttctgaTTATT 17
CATCTCGTCAA ATTTCA GACTTATG — GATCAGAC TATACT GTTGTACCTATaAAGGA 16
GTACTAGTCTCAGT TTTTGT TAAAAAAG  TGTGTAGGA TATTGT TACTCGCTtttAACAGG 17
ACACATTAACAGCA CTGTTT TTATGTGT  GCGATAATT TATAAT ATTTCGGACGGTTGCA 17
ATTCATTAACAAT TTTGCA ACCGTCCG ARATATTA TAAATT ATCGCACaCATARAAAC 16
TCCATGTCACACTT TTCGCA TCTTTGTT _ ATGCTATGG TTATTT CATaCCATAAG 17
CTAAT TCAT GTCACA CTTTTCG TTGT TATGCT ATGGTTaTTTCATACC 16
TAATTTATTCCAT GICACA CTTTTCGC ATCTTTGT TATACT ATGGTTaTTTCATAC 16
TAATTTATTCCAT GTCACA CTTTTCGC ATTTTTGT TATGCT ATGGTTaTTTCATAC 16
CAATTCTCTGATGC TTCGCG CTTTTTATC CGTAAAAAGC TATAAT GCACTaAATGGTGC 19
TAAAAAACTAACAG TTGTCA GCCTGTCC  CGCTTATAA GATCAT ACGCCgttaTACGTT 17
ATTCATTCGGGACA GTTATT AGTGGTAG ACAAGTTT AATAAT TCGGAtTGCTAAGTA 16
AGTTGTTACAAACA TTACCA GGAAAAGCA  TATAATGCG TAAAAG TTAtGAAGTCGGT 18
TCCTTTGICAAGAC CTGTTA TCGCACAA  TGATTCGGT TATACT GTTCCCGTTGTCC 17
ACACCAAAGAACCA TTTACA TTGCAGGG  CTATTTTTTA TAAGAT GCATTtGAGATACAT 18
GCATGGATAAGCTA TTTATA CTTTAATA  AGTACTTTG TATACT TATTTGCGAACATTCCA 17
TTTTTCCCCC TTGAAG GGGCGAAG — CCATCCCCA TTTCTC TGGTCaCCAGCCGGGAA 17
CGGACGAAAA TTCGAA GATGTTTACCGTGGAAAAGGG TAAAAT AACGGATtAACCCAAGT 21
ATATAAAAAGTTC TTGCTT TCTAACGTG  AAAGTGGTT TAGGTT AARAGACAaTCAGTTGAA 18
GATCTACAAACTAA TTAATA AATAGTTA  ATTAACGCT CATCAT TGTACAATGAaCTGTAC 17
CCTCCAGTGCGGTG TTTAAA TC GGATCAGGG CATTAT CTTYaCGTGATCAG 17
TAGAATGCTTTGCC TTGTCG GCCTGATT AATGGCAC GATAGT CGCATCGGATCTG 16
AAATAATAACGTGA TGGGAA GCGCCTCG CTTCCCGTG TATGAT TGAACCcgCATGGCTC 17
ACATTACGCCACTT ACGCCT GAATAATA  AAAGCGTGT TATACT CTTTCCtGCAATGGTT 17
TTCACAAGCTTGCA TTGAAC TTGTGGATA  AAATCACGG TCTGAT AAAACAGTGAATG 18
RCCTTGCATTGAAC TTGTGG ATAAAATE  ACGGTCTGA TAAAAC AGTGAATGATAACCTCGT1?
GCCAAAARATATCT TGTACT ATTTACAA  AACCTATGG TAACTC TTTAGGCATTCCTTCGA 17
CTCTGGCTGCCAA TTGCTT ARGCARGA  TCGGACGGT TAATGT GTTEracacattttTTC 17
GAGGATTTTATCGT TTCTTT TCACCTTT  CCTCCTGTT TATTCT TATtACCCCGTGT 17
ATTTTAGGATTAA TTAAAA ARATAGAG  AAATTGCTG TAAGTT GTGGGATTCAGCCGATT 17
TGTAGAATTTTATT CTGAAT GTCTGGGC  TCTCTATTT TAGGAT TAATTAAaAAAATAGAG 17
CGAGGCCGGTGATG CTGCCA ACTTACTG ATTTAGTG TATGAT GGTGtttTTGAGGTGCT 16
ATATATACCTTA TGGTAA TGACTCCA  ACTTATTGA TAGTGT TTTATGTtCAGATAAT 17
ATGTC TGGAAR TATAGGGG  CAAATCCAC TAGTAT TAAGACtaTCACTTATT 17
GACACCATCGAATG GCGCAA AACCTTTC  GCGGTATGG CATGAT AGCGCCCGGAAGAGAGT 17
TAGGCACCCCAGGC TTTACA CTTTATGCT  TCCGGCTCG TATGTT GTGTGGaATTGTGAGC 18
TTTACACTTTATG CTTCCG GCTCGTATG _ TTGTGTGG TATTGT GAGcggataacaATTT 17
ARTGTGAGTTAGCT CACTCA TTAGGCAG  CCCAGGCTT TACACT TTATGCLTCCGGCTCG 17
GGTGTATGCATTTA TTTGCA T. A ATCAATTGT TATAAT TGTTATCTAAGGAAAT 17
TAGATAACAATTGA TTGAAT GTATGCAA  ATAAATGCA TACACT ATAGGTQTGGTTTAAT 17
TGATAAGCAATGC TTTTTT ATAATGCCA  ACTTAGTA TAAAAT AGCCAACCTGTTCGACA 17
CGGTTTTTTCTTGC GTGTAA TTGCGGAG  ACTTTGCGA TGTACT TGACACLTCAGGAGTG 17
TATCTCTGGCGGTG TTGACA TAAATACC  ACTGGCGGT GATACT GAGCACaTCAGCAGGA 17
TACCTCTGCCGAAG TTGAGT ATTTTTGC  TGTATTTGT CATAAT GACTCCTGTTGATAGAT 17
TAACACCGTGCGTG TTGACT ATTTTACC  TCTGGCGGT GATAAT GGTTGCaTGTACTAAG 17
TTAACGGCATGATA TTGACT TATTGAAT  AAAATTGGG TARATT TGACTCAAaCGATGGGTT 17
GAGCCTCGTTGCGT TTGTTT GCACGAACC  ATATGTAAG TATTTC CTTaGATAACAAT 18

-2.4 -5.3
-5.2
-1.5 -3.5
-4.4
-1.9
-4.9
-8.2
-9.3
-3.4
-2.8
-5.7
-3.0 -4.1
-3.9
-3.8
-3.0
-2.9 -4.0
-3.1
-4.0
-4.4
-1.8 -2.5
-2.7 -5.7
-3.6
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-3.9 -4.6
-3.1
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lambdaPRM
lep

leu
leultRNA
lex

1livy

1lpd

ipp

1pp/P1
1pp/P2
lpp/R1
1pp/R2
1pp/R2-P1
1sp

lysC

Mlrna

macll

macl2

mac2l

mac3

mac31
malEFG
malk

malPQ
malPQ/AS16P1
malPQ/AS16P2
malPQ/AS17/A
malPQ/Ppl2
malPQ/Ppl3
malPQ/Ppléd
malPQ/Ppl5
malPQ/Pplé
malPQ/Ppl8
malT

manA

metA Pl
metA P2
metBL

metF

micF

motA
MuPc-1
MuPc-2
MuPe
NR1lrnaC
NRlrnacC/m
NTP1lrnalQo
nusA

ompA

ompC

ompF
ompF/pKI217
ompR
plSprimer
plSrnal
P22ant
P22mnt
P22PR
P22PRM
PBR313Htet
pBR322bla
pBR322P4
pBR322primer
pBR322tet
PBRH4-25
PBRP1
PBRRNAT
pBRtet-10
PBRtet-15
pBRtet-22
pBRtet /TA22
pBRtet/TA33
pColViron-P1l
pColviron-pP2
PEG3503
pfkB

pfkBl

pheA

pheV

phixa

MOUHUOCXROTUYUIXNRZIZTUOTROUVT T I MO OO OO0 T ET MO0 OO0 UOoEE8d383 3000 RRXXXIOCOUCEIISIIOOOOTTUD A

AACACGCACGGTGT TAGATA TTTATCCC TTGCGGTGA TAGATT TAACGTaTGAGCACAA
TCCTCGCCTCAATG TTGTAG TGTAGAAT GCGGCGTT TCTATT AATACaGACGTTAAT
G TTGACA TCCGTTTT TGTATCCAG TAACTC TAAAAGCATATCGCATT
TCGATAATTAACTA TTGACG AAAAGCTG ARRACCAC TAGAAT GCGCCTCCGTGGTAGCA
TGTGCAGTTTATGG TTCCAA AATCGCCT TTTGCTGTA TATACT CACAGCaTAACTGTAT
TGTCAAAATAGCTA TTCCAA TATCATAA  AAATCGGGA TATGTT TTAGCaGAGTATGCT
TGTTG TTTAAA AATTGTTA  ACAATTTTG TAAAAT ACCGACGGAtagAACGA
CCATCAAAAARATA TTCTCA ACATAAAAA  ACTTTGTG TAATAC TTGTAACGCTACATGGA
ATCAAAAMAATA TTCTCA ACATARAAA  ACTTTGTGT TATACT TGTAACGCTACATGGA
ATCAAAABAATA TTCTCA ACATARAAA  ACTTTGTGT TATAAT TGTAACGCTACATGGA
ATCAAAARAATA TTCACA ACATAAAAA  ACTTTGTG TAATAC TTGTAACGCTACATGGA
ATCAAAAAAATA TTGACA ACATAAAAA  ACTTTGTG TAATAC TTGTAACGCTACATGGA
ATCAAAAAAATA TTGACA ACATAAAAA  ACTTTGTGT TATAAT TGTAACGCTACATGGA
TTTGTCCTG TTGACC TCCGGCGC TACCGTTG CAGACT ATAACGACGCACCT
GCATGACCCCATCG TTGACA ACCGCCCC GCTCACCC TTTATT TATAAATGTACTACCTG
ATGCGCAACGCGGG GTGACA AGGGCGCG  CAAACCCTC TATACT GCGCGCCGAAGCTGACC
CCCCCGCAGGGAT GAGGAA GGTGGTCGA  CCGGGCTCG TATGTT GTGTGGaATTGTGAGC
CCCCCGCAGGGAT GAGGAA GGTCGGTCG ACCGGCTCG TATGTT GTGTGGaATTGTGAGC
CCCCCGCAGGGAT GAGGAA GGTCGACCT — TCCGGCTCG TATGTT GTGTGGaATTGTGAGC
CCCCCGCAGGGAT GAGGAA GGTCGGTC GACCGCTCG TATGTT GTGTGGAATTGTGAGCG
CCCCCGCAGGGAT GAGGAA GGTCGGTC GACCGCTCG TATATT GTGTGGAATTGTGAGCG
AGGGGCAAGGAGGA TGGAAA GAGGTTGC CGTATAAA GAAACT AGAGTCCGTTTAGGTGT
CAGGGGGTGGAGGA TTTAAG CCATCTCC TGATGACG CATAGT CAGCCCaTCATGAATG
ATCCCCGCAGGATG AGGAAG GTCAACAT CGAGCCTGG CAAACT AGCGATaACGTTGTGT
ATCCCCGCAGG ATGAGG AGCCTGGC AAACTAGC GATGAT AACGTTGTGTTGAA
ATCCCCGCAGGAGG ATGAGG AGCCTGGCA — AACTAGCGA TAACGT TGTGTTQAA
CCCCGCAGGATGAG GTCGAG CCTGGCAA ACTAGCGA TAACGT TGTGTTQAA
ATCCCCGCAGGAT GAGGAA GGTCAACAT CGAGCCTG GAAAAC TAGCGATaACGTTGTGT
ATCCCCGCAGGAT TAGGAA GGTCAACAT — CGAGCCTGG CAAACT AGCGATaACGTTGTGT
ATCCCCGCAGGAT GAGGAA GGTCAACA  TCGAGCCTG GAAACT AGCGATaACGTTGTGT
ATCCCCGCAGGAT GAGAAA GGTCAACAT  CGAGCCTGG CAAACT AGCGATaACGTTGTIGT
ATCCCCGCAGGATA AGGAAG GTCAACAT CGAGCCTGG CAAACT AGCGATaACGTTGTGT
ATCCCCGCAGGATG GGGAAG GTCAACAT CGAGCCTGG CAAACT AGCGATaACGTTGTGT
GTCATCGCTTGCAT TAGAAA GGTTTCTG GCCGACCT TATAAC CATTAATTACG
CGGCTCCAGGTTAC TTCCCG TAGGATTC TTGCTTTAA TAGTGG GATTAATttCCACATTA
TTCAACATGEAGGC TCGACA TTGGCAAA TTTTETCGT TATCTT CAGCTaTCTGGATGT
AAGACTAATTACCA TTTTCT CTCCTTTT  AGTCATTCT TATATT CTAACGTaGTCTTTTCC
TTACCGTGACA TCGTGT AATGCACCT GTCGGCGT GATAAT GCATATAALttTAACGG
TTTTCGG TTGACG CCCTTCGGE  CTTTTCCTT CATCTT TacaTGTGGACG
GCGGAATGGCGAAA TAAGCA CCTAACAT CAAGCAAT AATAAT TCAAGGTLAAAATCAAT
GCCCCAATCGCGCG TTAACG CCTGACGRC — TGARCATCC TGTCAT GGTCAaCRGTGGA
AAATT TTGAAA AGTAACTTTATAGAAAAGAAT AATACT GAAAAGTCAAtttGGTG
GGAACACA TTTAAA AACCCTCC  TAAGTTTIG TAATCT ATAAAGttAGCAATTTA
TACCAARAAGCACC TTTACA TTAAGCTT TTCAGTAAT TATCTT TTTAGTaAGCTAGCTA
GTCACAATTCTCAA GTCGCT GATTTCAAA  AAACTGTAG TATCCT CTGCgaaacGATCCCT
TCACAATTCTCAAG TTGCTG ATTTCAAA  AAACTGTAG TATCCT CTGCgaaacGATCCCT
GGAGTTTGTC TTGAAG TTATGCACC  TGTTAAGGC TAAACT GAAAGAaCAGATTTTGT
CAGTAT TTGCAT TTTTTACC CAAAACGAG TAGAAT TTGCCACGTTTCAGGCG
GCCTGACGGAG TTCACA CTTGTAAG TTTTCAAC TACGTT GTAGACtTTAC
GTATCATATTCGTG TTGGAT TATTCIGC ATTTTTGGG GAGAAT GGACLTGCCGACTG
GGTAGG TAGCGA AACGTTAG TTTGAATGG AAAGAT GCCTGCaGACACATAAA
GG TAGCGA AACGTTAG T GC TTTAAT GCGGtaGTT
TTTCGCCGAATAAA TTGTAT ACTTAAG TTCCTGTT TAATAT GCTTTQTAA!
ATAAGATGATCTTC TCETTTTG GTCTGCGCG TAATET CTTGCTTGARAACGARA
TAGAGGAGTTAGTC TTGAAG TCATGCGCC  GGTTAAGGC TAAACT GAAAGGaCAAGTTTTG
TCCAAGTTAGTGTA TTGACA TGATAGAR  GCACTCTAC TATATT CTCAATaggTCCACGG
CCACCGTGGACCTA TTGAGA ATATAGTA  GAGTGCTTC TATCAT GTCAATACACTAACTT
CATCTTAAATAAAC TTGACT ABAGATTC CTTTAGTA GATAAT TTAAGTGTTCTTTAAT
AAATTATC TACTAA AGGAATCT TTAGTCAAG TTTATT TAAGATGACTTaACTAT
AATTCTCATGT TTGACA GCTTATCA TCGATARGC TAGCTT TAATGCQGTAGTTTAT
TTTTTCTAAATACA TTCAAA TATGTATC CGCTCATGA GACAAT AACCCTGATAAATGCT
CATCTGTGCGGTAT TTCACA CCGCATATGGTGCACTCTCAG TACAAT CTGCTCTGATGCCGCAT
ATCAAAGGATCTTC TTGAGA TCCTTTTT TTCTGCGCG TAATCT GCTGCTTGCAAACAARA
AAGAATTCTCATGT TTGACA GCTTATCA  TCGATAAGC TTTAAT GCGGTAGTTTATCACA
TCG TTTTCA AGAATTCA  TTAATGCGG TAGTTT ATCAcagTTA
TTCATACACGGTGC CTGACT GCGTTAGCAATTTAACTGTGA TAAACT ACCGCAttAAAGCTTA
GTGCTACAGAGTTC TTGAAG TGGTGGCCT  AACTACGGC TACACT AGAAGGacaGTATTTG
AAGAATTCTCATGT TTGACA GCTTATCA  TCGATGCGG TAGTTT ATCACagTTA
AAGAATTCTCATGT TTGACA GCTTATCA  TCGGTAGTT TATCAC AGTTAaatTGC
ARGAATTCTCATGT TTGACA GCTTATCAT  CGATCACAG TTAAAT TGCTAacqCAG
TTCTCATGT TTGACA GCTTATCA  TCGATAAGC TAAATT TTATATAaaATTTAGCT
TTCTCATGT TTGACA GCTTATCA  TCGATAAGC TAAATT TATATAaaATTTTATAT
TCACAATTCTCAAG TTGATA ATGAGAAT CATTATTGA CATAAT TGTTaTTATTTTAC
TGTTTCAACACC ATGTAT TAATTGTG TTTATTTG TAAAAT TAATTTtctgacaATAA
GGC TGGACT TCGAATTCA  TTAATGCGG TAGTTT ATCACagTTA
ATATTGTTAATTTC TTCACT TTCCGCTG ATTCGGTGC CAGACT GAAATCaGCCTATAGG
ATATTGTTAATTTC TTCACT TTCCGCTG ATTCGGTGC TAGACT GAAATCagCCTATAGG
GGGCGCGTTTTTTG TTGACA GCGTGAARA  CAGTACGGG TACTGT ACTAAaGTCACTTAA
TACTGACATTAGG TTGACG AGATGTGC  AGATTACGG TTTAAT GCGCCCGTTGCCCGGAT
AATAACCGTCAGGA TTGACA CCCTCCCA  ATTGTATGT TTTCAT GCCTCCaAATCTTGGA
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phixB
phixD
pori-I
Pori-r
ppc
pSCl0loriPl
pSC10loriP2
pSC10loriP3
pYrBi-pl
PYrBl-P2
pyrD
pYrE-P1
PYrE-P2
R100rna3
R100RNAI
R100RNAIIL
R1RNAII
recA

rnh

rnp (RNaseP)
rply
rpmHlp
rpmi2p
rpmH3p
rpoA
rpoB
rpoD-Pa
rpoD-Pb
rpeD-Phs
rpoD-Phs/min
rrn4.5s
rrnABP1
rrnABP2
rrnB-P3
rrnB-P4
rrnDEXP2
rrnbD-P1l
rrnE-Pl
rrnG-P1l
rrnG-P2
rrnXil
RSFprimer
RSFrnal
510
sdh-P1
sdh-P2
spc
spotd2r
ssb

str

SUcAB

TACl6

TAC17

TAC18

thr

thrBp
TnlOPin
Tnl0Pout
TnllOtetA
TnlOtetR
TnlOtetR*
Tnl0xxxP1l
Tnl0XxxP2
TnlOXxxP3
Tn2660bla-P3
Tn2661bla-Pa
Tn2661bla-Pb
TnS0lmer
TnS0lmerR
TnSIR
TnSneo
Tn7-PLE
tnaa
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GCCAGTTAAATAGC TTGCAA AATACGTGG  CCTTATGGT TACAGT ATGCCCaTCGCAGTT
TAGAGATTCTCTTG TTGACA TTTTAARAG  AGCGTGGAT TACTAT CTGAGTCCGATGCTGTT
CTGTTGTTCAGTTT TTGAGT TGTGTATA  ACCCCTCAT TCTGAT CCCAGCTTATACGGT
GATCGCACGATCTG TATACT TATTTGAGT  AAATTAACC CACGAT CCCAGCCaTTCTTCTGC
CGATTTCGCAGCAT TTGACG TCACCGCT  TTTACGTGG CTTTAT AAAAQaCGACGAAAA
T TTGTAG AGGAGCAAACAGCGTTTGCGA CATCCT TTTGTAATACTGCGGAA
ATTATCA TTGACT AGCCCATC TCAATTGG TATAGT GATTAAAATCACCTAGA
ATACGCTCAGATGA TGAACA TCAGTAGG  GAAAATGCT TATGGT GTATTAGCTAAAGC
CTTTCACACTCCGC CCTATA AGTCGGAT GAATGGAA TAAAAT GCATatcTGATTGCGTG
'CAAATG CTTGCG CCGCT ATGAG TATAAT GCCGgacAATTTGCCGG
TTGCCGCAGGTCAA TTCCCT TTTGGTCC GAACTCGCA CATAAT ACgccccCGGTTTG
ATGCCTTGTAAGGA TAGGAA TAACCGCC  GGAAGTCCG TATAAT GCGCAGCCACATTTG
GTAGGCGGTCATA CTGCGG ATCATAGAC  GITCCTGTT TATAAA AGGAGaGGTGGAAGG
GTACCGGCTTACGC CGGGCT TCGGCGGTT  TTACTCCTG TATCAT ATGAaACAACAGAG
CACAGAAAGAAGTC TTGAAC TTTTCCGG  GCATATAAC TATACT CCCCGCaTAGCTGAAT
ATGGGCTTACATTC TTGAGT GTTCAGAA  GATTAGTGC TAGATT ACTGATCGTTTAAGGAA
ACTAAAGTAAAGAC TTTACT TTGTGGCG TAGCATGC TAGATT ACTGATCGTTTAAGGAA
TTTCTACAAAACAC TTGATA CTGTATGA GCATACAG TATAAT TGCTTCaACAGAACAT
GTAAGCGGTCATTT ATGTCA GACTTGTC  GTTTTACAG TTCGAT TcaaTTACAGGA
ATGCGCAACGCGGG GTGACA AGGGCGCG  CAAACCCTC TATACT GCGCGCCGAAGCTGACC
TGTAAACTAATGCC TTTACG TGGGCGGT  GATTTTGTC TACAAT CTTACCCCCACGTATA
GATCCAGGACGATC CTTGCG CTTTACCC  ATCAGCCCG TATAAT CCTccacccGGCGCG
ATAAGGAAAGAGAA TTGACT CCGGAGTG  TACAATTAT TACAAT CCGgcctcTTTAATC
ARATTTAATGACCA TAGACA AAAATTGG  CTTAATCGA TCTAAT AAAgatcCCAGGACG
TTCGCATATTTTTC TTGCAA AGTTGGGT  TGAGCTGGC TAGATT AGCCAGCCAATCTTT
CGACTTAATATACT GCGACA GGACGTCC GTTCTGTG TAAATC GCAATGAAATGGTTTAA
CGCCCTGTTCCG CAGCTA AAACGCAC  GACCATGCG TATACT TATAggQTT
AGCCAGGT CTGACC ACCGGGCAA  CTTTTAGAG CACTAT CGTGGTACaaaT
ATGCTGCCACCC TTGAAA AACTGTCG  ATGTGGGAC GATATA GCAGAtaaG
CCC TTGAAA AACTGTCGATGTGGGACGATA TAGCAG ATAAGAATATtgCT
GGCACGCGATGGG TTGCAA TTAGCCGG  GGCAGCAGT GATAAT GCGCCTGCGCGTTGGTT
TTTTAAATTTCCTC TTGTCA GGCCGGAA TAACTCCC TATAAT GCGCCACCaCTGACACG
GCAAAAATAAATGC TTGACT CTGTAGCG GGAAGGCG TATTAT GCACACCGCGCGCCGC
CTATGATAAGGAT TACTCA TCTTATCCTT ATCAAACCGT TAAAAT GGGCGgtgTGAGCTTG
GCGTATCCGGTCAC CTCTCA CCTGACA GTTCGTGG TAARAT AGCCAACCTGTTCGACA
CCTGAAATTCAGGG TTGACT CTGAAAGA GGAAAGCG TAATAT ACGCCACCTCGCGACAG
GATCAAARAARTAC TTGTGC AAAAAATT GGGATCCC TATAAT GCGCCTCCQTTGAGACG
CTGCAATTTTTCTA TTGCGG CCTGCGGA GAACTCCC TATAAT GCGCCTCCaTCGACACG
TTTATATTTTTCGC TTGTCA GGCCGGAA TAACTCCC TATAAT GCGCCACCACTGACACG
AAGCAAAGAAATGC TTGACT CTGTAGCG GGAAGGCG TATTAT GCACACCGCCGCGCCG
ATGCATTTTTCCGC TTGTCT TCCTGAGC CGACTCCC TATAAT GCGCCTCCaTCGACACG
GGAATAGCTGTTCG TTGACT TGATAGAC  CGATTGATT CATCAT CTCATaAATAAAGAA
TAGAGGAGTTTGTC TTGAAG TTATGCACC  TGTTAAGGC TAAACT GAAAGAAaCAGATTTTG
TACTAGCAATACGC TTGCGT TCGGTGGT TAAGTATG TATAAT GCGCgggCTTGTCGT
ATATGTAGGTTAA TTGTAA TGATTTTG  TGAACAGCC TATACT GCCGCCAGECTCCGGAA
AGCTTCCGCGATTA TGGGCA GCTTCTTC GTCAAATT TATCAT GTGGGGCaTCCTTACCG
CCGTTTATTTTTTC TACCCA TATCCTTG  AAGCGGTGT TATAAT GCCGCGCCCTCGATA
TTACAAAAAGTGCT TTCTGA ACTGAACA AAARAGAG TAAAGT TAGTCGCGTAGGGTACA
TAGTAAAAGCGCTA TTGGTA ATGGTACAA  TCGCGCGTT TACACT TATTCAGAACGATTTT
TCGTTGTATATTTC TTGACA CCTTTTCG GCATCGCCC TAAAAT TCGGCYTCCTCATAT
AAATGCAGGAAATC TTTAAA AACTGCCCC  TGACACTAA GACAGT TTTAAAaGGTTCCTT
CCTTGARAMAGAGG TTGACG CTGCAAGG  CTCTATACG CATAAT GCGCCCCQCAACGCCGA
TATCAAAAAGAGTA TTGACT TAAAGTCT  AACCTATAG GATACT TACAGCCaTCGAGAGGG
GTGAAACAAAACGG TTGACA ACATGAAG  TAAACACGG TACGAT GTACCACaTGAAACGAC
CATTGATAAGCAAC TTGACG CAATGTTA  ATGGGCTGA TAGICT TATCTTaCAGGTCATC
CTTTAAGATAGGCG TTGACT TGATGGGT  CTTTAGGTG TAGGCT TTAGGTGTTGGCTTTA
ACGAAAAACAGGTA TTGACA ACATGAAGT  AACATGCAG TAAGAT ACAAATCGCTAGGTAAC
CTTACGGATG ATGATA TTTACACA  TTACAGTGA TATACT CAAGGCCACTACAGATA
AATGAGCTG TTGACA ATTAATCA TCGGCTCG TATAAT GTGTGGAaTTGTG
AATGAGCTG TTGACA ATTAATCA  TCCGGCTCG TATAAT GTGTGGaATTGTG
AATGAGCTG TTGACA ATTAATCAT  CGCGGCTCG TATAAT GTGTGGaATTGTG
ARATTAAAATTTTA TTGACT TAGGTCAC  TAAATACTT TAACCA ATATAGGCaTAGCGCAC
AGCTGCCG GTGTCT TTGCTGAT CTGCTACG TACCCT CTCATGGAAGTTAGGAG
TCATTAAG TTAAGG TGGATACAC  ATCTTGTCA TATGAT CAAATGGTTTCGCGAAA
AGTGTAATTCGGGG CAGAAT TGGTAAAG  AGAGTCGTG TAAAAT ATCGAGttCGCACATC
ATTCCTAATTTTTG TTGACA CTCTATCAT  TGATAGAGT TATTTT ACCACTCCCTATCAGT
TATTCATTTCACTT TTCTCT ATCACTGAT  AGGGAGTGG TAAAAT AACTCTATCAATGATA
TGATAGGGAG TGGTAA AATAACTC  TATCAATGA TAGAGT GTCAACaAAAATTAGG
TTAAAATTTTCTTG TTGATG ATTTTTAT TTCCATGA TAGATT TAAAATaACATACC
AAATGTTCTTAAGA TTGTCA CGACCACA  TCATCATGA TACCAT AAACaTACTGACGG
CCATGATAGA TTTAAA ATAACATACCGTCAGTATGTT TATGGT ATCATGATGaTGTGGTC
TTTTTCTAAATACA TTCAAA TATGTATC  CGCTCATGA GACAAT AACCCTQATAAATGCT
GGTTTATAAAATTC TTGAAG ACGABAGG  GCCTCGTGA TACGCT TATttttATAGGTTAA
CCTC GTGATA CGCTTATT  TTTATAGGT TAATGT CATGataaTAATGGTTT
TTTTCCATATCGC TTGACT CCGTACATG AGTACGGAAG TAAGGT TACGCTaTCCAATTTC
CATGCGCTTGTCCT TTCGAA TTGAAATT GGATAGCG TAACCT TACTtCCGTACTCA
TCCAGGATCTGATC TTCCAT GTGACCTC  CTAACATGG TAACGT TCATGATaACTTCTGCT
CAAGCGAACCGGAA TTGCCA GCTGGGGC  GCCCTCTGG TAAGGT TGGGAAGCCCTGCAA
ACTAGACAGAATAG TTGTAA ACTGAAAT  CAGTCCAGT TATgct gtgaaaaaGCAT
AAACAATTTCAGAA TAGACA AAAACTCT GAGTGTAA TAATGT AGCCTCgtgTCTTGCG

18

16

-4.5

-5.9

-2.9 -4.7

-4.6

-3.8

W oW W

B AW WWNNN®
-

o N

WWNNN S S

RS

88



tonB
trfa
trfB
trp
trpP2
trpR
trps
trxa
tufB
tyr?
tyrT/109
tyrT/140
tyrT/178
tyrT/212
tyrT/6
tyrT/77
uncl
uvrB-P1l
uvrB-p2
uvrB-pP3
uvrC
uvrD
434PR
434PRM
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ATCGTCTTGCCTTA
AGCCGCTAAAGTTC
AGCGGCTAAAGGTG
TCTGAAATGAGCTG
ACCGGAAGAAAACC GTGACA
TGGGGACGTCGTTA CTGATC
CGGCGAGGCTATCE ATCTCA
CAGCTTACTATTGC TTTACG
ATGCAATTTTTTAG TTGCAT
TCTCAACGTAACAC TTTACA
ACAGCGCGTCTTTG TTTACG
TTAAGTCGTCACTA TACAAA

TGCGCGCAGGTC GTGACG

TTGAAT
TTGACA
TTGACG
TTGACA

G ATCATA

ATTTTTCTCAAC GTAACA

ATTATTCTTTAA TCGCCA
TGGCTACTTATTGT TTGAAA
TCCAGTATAATTTG TTGGCA
TCAGAAATATTATG GTGATG
ACAGTTATCCACTA TTCCTG
GCCCATTTGCCAGT TTGTCT
TGGAAATTTCCCGC TTGGCA
AAGAAAAACTGTAT TTGACA
ACAATGTATCTTGT TTGTCA

ATGATTGCT
GCGGAACCA
TGCCAGAA
ATTAATCA
TTTTAACA
CGCACGTTT
GCCAGCCT
AAAGCGTAT
GAACTCGC
GCGGCGCE
GTAATCGAA
GTACTGGCA
TCGAGAAAA
CCTACACAG
CTTTACA GC
G AR
TCACGGGG
TAATTAAG
AACTGTTTT
TGGATAAC
GAACGTGA
TCTCTGAC
AACAAGAT
AATACAGT

ATTTGCATT
ATGTTTAGC
ATGTTTAGC
TCGAACTAG
CGTTTGTTA CAAGGT
ATGATATGC TATCGT
GATGTAATT !ATCAG
CCGGTGAAA TAAAGT
ATGTCTCCA TAGAAT
TCATTTGA TATGAT
CGATTATTC TTTAAT

TAAAAT
TAAACT
TAAACT
TTAACT

CAGCGGGTC TTTGIT

ACGTCT TAAGTC
CTGAAGA TATGAT
GGCGCGTCA TTTGAT
CTGGTTACC TTTAA'
GC

TACGACGAG TAAAAT

TTTATCCAG TATAAT
CATGTGTAT TAGAGT
ATTGCAGAT TATGCT
CTCGCTGA TATAAT
ACATTGTAT GAAAAT
TTTTCTTGT GAAGAT

CGAQACCTGGTTT
AGAGTCtCCT
TCTCTCATGT
AGTACGCaAGTTCACGT
AAAGGCgACGCCGCCC
ACTCTTTaGCGAGTACA
TCtatAAATGACC
CAACTaGTTGGTTAA
GCGCGCTaCTTGATGCC
GCGCCCCCTTCCCGAT
CGCCAGCAAAAATAA
TACgGTAATCG
GTGCACTATACA
GCGCGCAgGTCGTGACG
ATGATGCGCCCCGCTTC
ACGGATGAAAAT

TATAAT TTGACCGCTTTTTGAT

TACATaCCTGCCCGC
TTGTTGYCATAATTAA
TAGAAAaCACGAGGCA
GATGatcaCCAAGG
CAGCAAaTCTGTATAT
ACAAGAAAGTTTGTTGA
TGGGGGTAAATAACAGA
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acerkF

ada

alas

ampC
araBAD
araC

araE
argCBH
arge-pP1l
argE-p2
argF

aroF

aroG
carAB-P1
carAB-P2
cat
cit.util-~-379
CloDFcloacin
colE1-B
colEl-C
ColEl-P1
ColEl1-P2
colE110.13
colicinEl1P3
crp

cya

deo-P1
deo-P2
deo-P3
divE
dnaA-1p
fdviIii

fdx
Fpla-oriTpX
Fplas—-traM
frdABCD
g-k-tnpa
g-k-~tnpR
gal-P1l
gal-P2
glnL
glta-Pl
gltA-P2
glya
glyA/geneX
gnd

groE

gyrB

his

hisa
htpR-P1
htpR-P2
htpR-P3
ilvGEDA
ilvIH-P2
ilvIH-P3
ilvIH-P4
ISlinsPR

APPENDIX C

Sequences used for Training the Neural Network.

ACGTAGACCTGTCTTATTGAGCTTTCCGGCGAGAGTTCAATGGGA
GATTGTTGGTTTTTGCGTGATGGTGACCGGGCAGCCTAAAGGCTA
TACGGTATTTTACCTTCCCAGTCAAGAAAACTTATCTTATTCCCA
TCCTGACAGTTGTCACGCTGATTGGTGTCGTTACAATCTAACGCA
TCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATA
ATCAATGTGGACTTTTCTGCCGTGATTATAGACACTTTTGTTACG
CCGACCTGACACCTGCGTGAGTTGTTCACGTATTTTTTCACTATG
TTTTCATTGTTGACACACCTCTGGTCATGATAGTATCAATATTCA
GGCTGGTGGGTTTTATTACGCTCAACGTTAGTGTATTTTTATTCA
GCATCATTGCTTTGCGCTGAARACAGTCAAAGCGGTTATGTTCATA
AAATGGGGTTGCARATGAATAATTACACATATAAAGTGAATTTTA
ARAATATGGATTGAAAACTTTACTTTATGTGTTATCGTTACGTCA
AAAACCCCGTTTACACATTCTGACGGAAGATATAGATTGGAAGTA
GCCATTAAGTTGACTTTTAGCGCCCATATCTCCAGAATGCCGCCG
CAGATTTGCATTGATTTACGTCATCATTGTGAATTAATATGCAAA
TGATCGGCACGTAAGAGGTTCCAACTTTCACCATAATGAAATAAG
GCGGGGGTCTCAGGCGACTAACCCGCAAACTCTTACCTCTATACA
ATATTGACACCTGAAAACTGGAGGAGTAAGGTAATAATCATACTG
TTATARAATCCTCTTTGACTTTTAAAACAATAAGTTAAAAATAAA
AAATCCTCTTTGACTTTTAAAACAATAAGTTAAAAATAAATACTG
CCACAGTCTTGACAGGGAAAATGCAGCGGCGTAGCTTTTATGCTG
AACTTATTGTTTTAAAAGTCAAAGAGGATTTTATAATGGAAACCG
GAGTTCTTGAAGTAGTGGCCCGACTACGGCTACACTAGAAGGACA
AACTTATTGTTTTAAAAGTCAAAGAGGATTTTATAATGGARACCG
AGACACCAGGAGACACAAAGCGAAAGCTATGCTAAAACAGTCAGG
GCATCTTTCTTTACGGTCAATCAGCAAGGTGTTARATTGATCACG
CGTTTTATTCGAACATCGATCTCGTCTTGTGTTAGAATTCTAACA
ATGTGTATCGAAGTGTGTTGCGGAGTAGATGTTAGAATACTAACA
CAACTGTCTATCGCCGTATCAGCGAATAACGGTATACTGATCTGA
ATTAGGGGTTTACACGCCGCATCGGGATGTTTATAGTGCGCGTCA
GTAAATCGTGCCCGCCTCGCGGCAGGATCGTTTACACTTAGCGAG
ACAAATCTCCGTTGTACTTTGTTTCGCGCTTGGTATAATCGCTGG
TCTTTTTGATGCAATTCGCTTTGCTTCTGACTATAATAGACAGGG
CCACCAACCTGTTGAGCCTTTTTGTGGAGTGGGTTARAATTATTTA
GGGTGCTGCTAGCGGCGCGGTGTGTTTTTTTATAGGATACCGCTA
GTCAAATTTCAGACTTATCGATCAGACTATACTGTTGTACCTATA
TTAACAGCACTGTTTTTATGTGTGCGATAATTTATAATATTTCGG
ATTAACAATTTTGCAACCGTCCGAAATATTATAAATTATCGCACA
CATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTATTTCATA
TTTATTCCATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTA
TCTGATGCTTCGCGCTTTTTATCCGTAAAAAGCTATAATGCACTA
CATTCGGGACAGTTATTAGTGGTAGACAAGTTTAATAATTCGGAT
TGTTACAAACATTACCAGGAAAAGCATATAATGCGTAAAAGTTAT
TTTGTCAAGACCTGTTATCGCACAATGATTCGGTTATACTGTICG
AAAGAACCATTTACATTGCAGGGCTATTTTTTATAAGATGCATTT
ATAAGCTATTTATACTTTAATAAGTACTTTGTATACTTATTTGCG
TTTTTCCCCCTTGAAGGGGCGAAGCCATCCCCATTTCTCTGGTCA
AAAATTCGAAGATGTTTACCGTGGAAAAGGGTAAAATAACGGATT
AAAGTTCTTGCTTTCTAACGTGAAAGTGGTTTAGGTTAAAAGACA
ACTAATTAATAAATAGTTAATTAACGCTCATCATTGTACAATGAA
ACGCCACTTACGCCTGAATAATAAAAGCGTGTTATACTCTTTCCT
AGCTTGCATTGAACTTGTGGATAAAATCACGGTCTGATAAAACAG
CATTGAACTTGTGGATAAAATCACGGTCTGATAAAACAGTGAATG
AAATATCTTGTACTATTTACAAAACCTATGGTAACTCTTTAGGCA
GGATTTTATCGTTTCTTTTCACCTTTCCTCCTGTTTATTCTTATT
GGATTAATTAAAAAAATAGAGAAATTGCTGTAAGTTGTGGGATTC
ATTTTATTCTGAATGTCTGGGCTCTCTATTTTAGGATTAATTAAA
ATACCTTATGGTAATGACTCCAACTTATTGATAGTGTTTTATGTT

90



lacI
lacPl
lacp2
lambdaPI
lambdaPL
lambdaPo
lambdaPR
lambdaPR’
lambdaPRE
lambdaPRM
leultRNA
lex

livg

lpp

lysC
Mlrna
malEFG
malk
malPQ
nmetAP1
metAP2
micF

motA

MuPe
NTP1lrnalQO
ompA

ompC

ompR
pl5primer
pl5rnal
P22PR
P22PRM
pBR322bla
PBR322P4
pBR322primer
pBR322tet
pColViron-P1l
pfkB
pheA
pheU
phiXA
phiXB
phiXD
pori-I
Pori-r
pyrE-P1
pyrE-pP2
R100rna3
R100RNAI
R100RNATI
R1RNAII
recA

rnp (RNaseP)
rpoA
rrn4.5s
rrnABP1
rrnDEXP2
rrnD-P1
rrnE-P1
rrnXl
RSFprimer
RSFrnal
sdh-P1
sdh-P2
spc
spotd2r
ssb

str

sucAB
supB-E
T7-a1
T7-A3
T7-C

T7-D

T7A2

ATCGAATGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCG
CCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGA
GAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCT
TTTTCTTGCGTGTAATTGCGGAGACTTTGCGATGTACTTGACACT
CTGGCGGTGTTGACATAAATACCACTGGCGGTGATACTGAGCACA
TGCCGAAGTTGAGTATTTTTGCTGTATTTGTCATAATGACTCCTG
CCGTGCGTGTTGACTATTTTACCTCTGGCGGTGATAATGGTTGCA
GCATGATATTGACTTATTGAATAAAATTGGGTAAATTTGACTCAA
CCTCGTTGCGTTTGTTTGCACGAACCATATGTAAGTATTTCCTTA
GCACGGTGTTAGATATTTATCCCTTGCGGTGATAGATT TAACGTA
ATTAACTATTGACGAAAAGCTGAAAACCACTAGAATGCGCCTCCG
AGTTTATGGTTCCAAAATCGCCTTTTGCTGTATATACTCACAGCA
AAAATAGCTATTCCAATATCATAAAAATCGGGATATGTTTTAGCA
AAAAAATATTCTCAACATAAAAAACTTTGTGTAATACTTGTAACG
ACCCCATCGTTGACAACCGCCCCGCTCACCCTTTATTTATAAATG
AACGCGGGGTGACAAGGGCGCGCAAACCCTCTATACTGCGCGCCG
CAAGGAGGATGGAAAGAGGTTGCCGTATAAAGAAACTAGAGTCCG
GGGTGGAGGATTTAAGCCATCTCCTGATGACGCATAGTCAGCCCA
CGCAGGATGAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATA
ACATGCAGGCTCGACATTGGCAAATTTTCTGGTTATCTTCAGCTA
AATTACCATTTTCTCTCCTTTTAGTCATTCTTATATTCTAACGTA
ATGGCGAAATAAGCACCTAACATCAAGCAATAATAATTCAAGGTT
AATCGCGCGTTAACGCCTGACGACTGAACATCCTGTCATGGTCAA
AAAAGCACCTTTACATTAAGCTTTTCAGTAATTATCTTTTTAGTA
AGTTTGTCTTGAAGTTATGCACCTGTTAAGGCTAAACTGAAAGAA
CCTGACGGAGTTCACACTTGTAAGTTTTCAACTACGTTGTAGACT
TCATATTCGTGTTGGATTATTCTGCATTTTTGGGGAGAATGGACT
TCGCCGAATAAATTGTATACTTAAGCTGCTGTTTAATATGCTTTG
TGATCTTCTTGAGATCGTTTTGGTCTGCGCGTAATCTCTTGCTTG
AGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGA
TTAAATAAACTTGACTAAAGATTCCTTTAGTAGATAATTTAAGTG
TATCTACTAAAGGAATCTTTAGTCAAGTTTATTTAAGATGACTTA
CTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTG
GTATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTG
GGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTG
TTCTCATGTTTGACAGCTTATCATCGATAAGCTTTAATGCGGTAG
CAATTCTCAAGTTGATAATGAGAATCATTATTGACATAATTGTTA
GTTAATTTCTTCACTTTCCGCTGATTCGGTGCCAGACTGAAATCA
CGTTTTTTGTTGACAGCGTGAAAACAGTACGGGTACTGTACTAAA
GACATTAGGTTGACGAGATGTGCAGATTACGGTTTAATGCGCCCG
CCGTCAGGATTGACACCCTCCCAATTGTATGTTTTCATGCCTCCA
TAAATAGCTTGCAAAATACGTGGCCTTATGGTTACAGTATGCCCA
CTCTTGTTGACATTTTAAAAGAGCGTGGATTACTATCTGAGTCCG
TGTTCAGTTTTTGAGTTGTGTATAACCCCTCATTCTGATCCCAGC
CGATCTGTATACTTATTTGAGTAAATTAACCCACGATCCCAGCCA
CTTGTAAGGATAGGAATAACCGCCGGAAGTCCGTATAATGCGCAG
GCGGTCATACTGCGGATCATAGACGTTCCTGTTTATAAAAGGAGA
CGGCTTACGCCGGGCTTCGGCGGTTTTACTCCTGTATCATATGAA
AAAGAAGTCTTGAACTTTTCCGGGCATATAACTATACTCCCCGCA
TTACATTCTTGAGTGTTCAGAAGATTAGTGCTAGATTACTGATCG
AGTAAAGACTTTACTTTGTGGCGTAGCATGCTAGATTACTGATCG
TACAAAACACTTGATACTGTATGAGCATACAGTATAATTGCTTCA
AACGCGGGGTGACAAGGGCGCGCAAACCCTCTATACTGCGCGCCG
CATATTTTTCTTGCAAAGTTGGGTTGAGCTGGCTAGATTAGCCAG
CGATGGGTTGCAATTAGCCGGGGCAGCAGTGATAATGCGCCTGCG
ATTTCCTCTTGTCAGGCCGGAATAACTCCCTATAATGCGCCACCA
AATTCAGGGTTGACTCTGAAAGAGGAAAGCGTAATATACGCCACC
AAAAATACTTGTGCAAAAAATTGGGATCCCTATAATGCGCCTCCG
TTTTTCTATTGCGGCCTGCGGAGAACTCCCTATAATGCGCCTCCA
TTTTCCGCTTGTCTTCCTGAGCCGACTCCCTATAATGCGCCTCCA
TAGCTGTTCGTTGACTTGATAGACCGATTGATTCATCATCTCATA
AGTTTGTCTTGAAGTTATGCACCTGTTAAGGCTAAACTGAAAGAA
AGGTTAATTGTAATGATTTTGTGAACAGCCTATACTGCCGCCAGT
CCGCGATTATGGGCAGCTTCTTCGTCAAATTTATCATGTGGGGCA
TTATTTTTTCTACCCATATCCTTGAAGCGGTGTTATAATGCCGCG
AAAAGTGCTTTCTGAACTGAACAAAAAAGAGTAAAGTTAGTCGCG
AAGCGCTATTGGTAATGGTACAATCGCGCGTTTACACTTATTCAG
TGTATATTTCTTGACACCTTTTCGGCATCGCCCTAAAATTCGGCG
AGGAAATCTTTAAAAACTGCCCCTGACACTAAGACAGTTTTAAAA
AAAAGAGGTTGACGCTGCAAGGCTCTATACGCATAATGCGCCCCG
AAAGAGTATTGACTTAAAGTCTAACCTATAGGATACTTACAGCCA
CAAAACGGTTGACAACATGAAGTAAACACGGTACGATGTACCACA
ATAAGCAACTTGACGCAATGTTAATGGGCTGATAGTCTTATCTTA
AGATAGGCGTTGACTTGATGGGTCTTTAGGTGTAGGCTTTAGGTG
ACAGGTATTGACAACATGAAGTAACATGCAGTAAGATACAAATCG

91



TTE

thr
Tnl0Pin
Tnl0tetR*
TnlOxxxP1l
Tnl0xxxP2
Tnl0xxxP3
Tn2660bla-P3
Tn50lmer
Tn501merR
Tn5IR
tonB
trfA
trfB

trp

trpP2
trpR
trxA
tufB

tyrT
tyrT/109
tyrT/140
tyrT/178
tyrT/6
tyrT/77
uncl
uvrB-P1
uvrB-pP2
uvrB-P3
uvrD
434PR

TACGGATGATGATATTTACACATTACAGTGATATACTCAAGGCCA
AATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCA
AAGTTAAGGTGGATACACATCTTGTCATATGATCAAATGGTTTCG
GATAGGGAGTGGTAAAATAACTCTATCAATGATAGAGTGTCAACA
AATTTTCTTGTTGATGATTTTTATTTCCATGATAGATTTAAARATA
TGTTCTTAAGATTGTCACGACCACATCATCATGATACCATAAACA
GATTTAAAATAACATACCGTCAGTATGTTTATGGTATCATGATGA
CTAAATACATTCARATATGTATCCGCTCATGAGACAATAACCCTG
ATATCGCTTGACTCCGTACATGAGTACGGAAGTAAGGTTACGCTA
TGCGCTTGTCCTTTCGAATTGAAATTGGATAGCGTAACCTTACTT
ATCTGATCTTCCATGTGACCTCCTAACATGGTAACGTTCATGATA
GTCTTGCCTTATTGAATATGATTGCTATTTGCATTTAARATCGAG
TAAAGTTCTTGACAGCGGAACCAATGTTTAGCTAAACTAGAGTCT
CTAAAGGTGTTGACGTGCGAGAAATGTTTAGCTAAACTTCTCTCA
ATGAGCTGTTGACAATTAATCATCGAACTAGTTAACTAGTACGCA
AAGAAAACCGTGACATTTTAACACGTTTGTTACAAGGTAAAGGCG
GTCGTTACTGATCCGCACGTTTATGATATGCTATCGTACTCTTTA
TACTATTGCTTTACGAAAGCGTATCCGGTGAARATAAAGTCAACTA
TTTTTTAGTTGCATGAACTCGCATGTCTCCATAGAATGCGCGCTA
ACGTAACACTTTACAGCGGCGCGTCATTTGATATGATGCGCCCCG
CGTCTTTGTTTACGGTAATCGAACGATTATTCTTTAATCGCCAGC
AGTCGTCACTATACAAAGTACTGGCACAGCGGGTCTTTGTTTACG
TGCGCGCAGGTCGTGACGTCGAGAAAAACGTCTTAAGTCGTGCAC
TTCTCAACGTAACACTTTACAGCGGCGCGTCATTTGATATGATGC
TTTAATCGCCAGCAAAAATAACTGGTTACCTTTAATCCGTTACGG
TACTTATTGTTTGAAATCACGGGGGCGCACCGTATAATTTGACCG
GTATAATTTGTTGGCATAATTAAGTACGACGAGTAAAATTACATA
ATATTATGGTGATGAACTGTTTTTTTATCCAGTATAATTTGTTGG
TATCCACTATTCCTGTGGATAACCATGTGTATTAGAGTTAGAAAA
AATTTCCCGCTTGGCATCTCTGACCTCGCTGATATAATCAGCAAA
ACTGTATTTGACAAACAAGATACATTGTATGAAAATACAAGAAAG
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APPENDIX D
Training Patterns for Converting Trained Weights into a Nucleotide Code

There are 15 possible combinations of the 4 nucleotides A, C, G, and T, as shown in
Table 1. The first line of this file indicates the number of training patterns. All other lines
consist of the target class followed by the training pattern (in this case four weights
representing frequencies of A, C, G, and T, respectively). Target class maps to nucleotide
code as follows: 1=A, 2=M, 3=R, 4=W, 5=V, 6=H, 7=D, 8=N, 9=C, 10=S§, 11=Y, 12=B,
13=G, 14=K, 15=T.
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11 0.05 0.45 0.
12 0.1 0.3 0.3 0.3

13 0.05 0 0.9 0.05

14 0.1 0 0.45 0.45

15 0 0.05 0.05 0.9

3 0.412458 0.110460 0.346828 0.130254
8 0.242690 0.266909 0.183999 0.306402
4 0.394713 0.049570 0.037181 0.518536
12 0.118863 0.343926 0.256357 0.280855
5 0.328523 0.296101 0.28548% 0.089887
1 0.505966 0.160766 0.193395 0.139873
13 0.292878 0.040177 0.570968 0.095977
15 0.152272 0.017976 0.199203 0.630549
2 0.346812 0.521098 0.033023 0.033022
6 0.298711 0.304991 0.111111 0.285187
7 0.298711 0.111111 0.285187 0.304991
9 0.083334 0.750000 0.083333 0.083333
11 0.12 0.38 0.12 0.38

10 0.086855 0.319135 0.468981 0.125029
10 0.015741 0.424105 0.447216 0.112938
4 0.443723 0.065628 0.011390 0.479258
7 0.306322 0.012166 0.332792 0.348720
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15 0.071096 0.075539 0.117099 0.736265
8 0.297771 0.208397 0.293406 0.200426
8 0.262157 0.312877 0.191916 0.233050
4 0.435235 0.027881 0.071117 0.465767
8 0.209472 0.298471 0.184664 0.307394
12 0.050002 0.243488 0.380404 0.326106
12 0.131142 0.319458 0.282368 0.267032
12 0.119896 0.298238 0.315089 0.266777
1 0.590384 0.224124 0.132777 0.052715
2 0.403341 0.429004 0.065452 0.102203
4 0.401515 0.129640 0.087316 0.381529
7 0.269596 0.034041 0.302960 0.393403
5 0.285275 0.328729 0.273965 0.112031
12 0.114926 0.302544 0.286507 0.296023
6 0.283088 0.323906 0.037079 0.355927
1 0.579188 0.145027 0.048635 0.227150
2 0.415249 0.397974 0.173214 0.013563
2 0.385377 0.428889 0.056422 0.129312
12 0.035746 0.333205 0.400748 0.230302
15 0.108814 0.107060 0.106696 0.677430
8 0.213771 0.317070 0.214651 0.254508
7 0.270289 0.045312 0.356122 0.328277
10 0.111813 0.499121 0.315814 0.073251
1 0.480159 0.136183 0.177127 0.206532
11 0.100118 0.441815 0.063362 0.394705
10 0.037300 0.475100 0.363005 0.124595

4 0.396577 0.085868 0.097068 0.420487
9 0.159612 0.489386 0.205180 0.145822
8 0.270202 0.231362 0.208703 0.289733
6 0.288375 0.296180 0.015501 0.399944
1 0.647231 0.087367 0.097576 0.167826
8 0.208735 0.269813 0.221581 0.299871
8 0.288539 0.288034 0.216194 0.207232
8 0.231676 0.277886 0.304007 0.186430
9 0.064732 0.850061 0.024652 0.060555
2 0.345107 0.432965 0.171454 0.050475

14 0.105391 0.103774 0.423766 0.367069
4 0.523498 0.016244 0.119458 0.340800
10 0.075595 0.561135 0.333142 0.030128
13 0.257060 0.085231 0.595747 0.061962
6 0.243330 0.290817 0.100087 0.365765
8 0.226471 0.217199 0.289979 0.266351
13 0.043972 0.239327 0.526254 0.190447
12 0.004430 0.273977 0.380521 0.341073
2 0.444556 0.428240 0.054172 0.073033
5 0.284656 0.359850 0.301809 0.053685
8 0.204454 0.236939 0.333348 0.225260
4 0.518948 0.096322 0.068559 0.316171
12 0.005817 0.476127 0.288192 0.229864
6 0.234743 0.264945 0.023356 0.476956
6 0.389700 0.259979 0.020681 0.329640
8 0.221859 0.291478 0.258716 0.227947
2 0.396177 0.439047 0.062895 0.101881
10 0.114337 0.451573 0.384706 0.049383
3 0.409050 0.053796 0.468852 0.068302
3 0.438297 0.061755 0.485146 0.014802
6 0.315546 0.423739 0.005053 0.255662
7 0.394681 0.039738 0.325633 0.239947
7 0.275603 0.050305 0.413981 0.260111
8 0.186310 0.302357 0.295565 0.215768
4 0.345552 0.100706 0.133089 0.420653
8 0.305160 0.288200 0.215230 0.191410
6 0.341929 0.282704 0.032991 0.342376
8 0.174664 0.268314 0.254399 0.302623
8 0.248093 0.223146 0.294723 0.234038
15 0.052970 0.189062 0.187331 0.570636
6 0.253564 0.328494 0.073698 0.344243
6 0.264899 0.444436 0.050580 0.240086
6 0.358638 0.263929 0.026994 0.350438
6 0.249331 0.398224 0.054911 0.297534
12 0.040638 0.217410 0.394814 0.347137
7 0.288469 0.062868 0.300193 0.348470
7 0.259047 0.105474 0.395071 0.240408
13 0.128450 0.006758 0.675658 0.189134
8 0.252160 0.198509 0.196857 0.352473
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0.284562 0.258310 0.219921 0.237206
0.746511 0.112920 0.119938 0.020631
0.288964 0.247146 0.371050 0.092840
0.234855 0.280202 0.221518 0.263424
0.452965 0.374543 0.097636 0.074856
10 0.063002 0.434706 0.442234 0.060057
1 0.604862 0.124792 0.178760 0.091587
13 0.203375 0.160479 0.552078 0.084068
12 0.081583 0.312260 0.351588 0.254569
7 0.255306 0.065145 0.248406 0.431143
8 0.208237 0.227173 0.283749 0.280840
5 0.253367 0.284857 0.408240 0.053536
7 0.420468 0.017050 0.280958 0.281525
4 0.467532 0.079321 0.133901 0.319246
14 0.119723 0.020903 0.456576 0.402798
7 0.276364 0.080610 0.309895 0.333130
2 0.416856 0.431463 0.150421 0.001260
12 0.098674 0.298674 0.276164 0.326489
9 0.217148 0.623001 0.121057 0.038794
11 0.078437 0.397441 0.106673 0.417449
12 0.092887 0.276416 0.284838 0.345859
6 0.334871 0.357245 0.085173 0.222711
7 0.330553 0.055367 0.359448 0.254632

NobEF o
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APPENDIX E
Results of querying the Trained Networks with the Random Sequences

This appendix contains output generated from the neural network query program
(cluster). Each of the neural networks were trained with the following parameters:
o; = 0.5, t, = 1000, afty) = 0.01, t, = 200, and nb, = 0 (see Chapter 2.1 for an
explantion of these parameters). The networks differ in the number of output neurons
(nb,) and the initial size of the neighbourhood for weight updating (nb;) which are
indicated at the beginning of each output listing. The cluster maps at the end of each
listing are not part of the output but were added to aid in the analysis.

nt% = 3,[“% = 1

consensus (0, 0) GABCAKYRDSTTTGACAGNGADHGWSWCAMGSHGTATAATGNGAG
randoml7-1 3.332 CTAAGGTTTGACAGAAGTGGACTGAAGTCATATAATTGAAGTCCT
randoml7-2 3.456 CAATTGCTTTGACATCCAAACTGACGAACATTATAATGAGGGGAC
randoml7-~3 3.546 GCATCAAGTTTGACAGTAAAAGAGAAATGGGCTATAATGGGATTG
randoml7-5 3.221 CGGGCCCTTGACACGGAGTGTGTCCCCAAGTATAATTCTCAGGTT
randoml7-6 3.439 TGTCGTCTTTGACAGGGCGTGCAGCTAGCTTTATAATGTGAGTAT
randoml7~7 3.626 CCAGTAAGATTGACAGATATCCTTTCAGACTGTATAATAAGCGTG
randoml7-8 3.668 ATCTGTCTGTTTGACAACGCGCTTCTCACTGCGTATAATCCAAAC
consensus (0,1) GMMYYYMCMTKTTGACASCGMWRRGTRCSRWAWMTAWWMYKMGKA
randoml5-4 4,568 GGACTTTACATTTTGACAGCGCAAGGTACGATATATAATCCTAGT
randoml7-4 4.584 CACCCCCCTGTTGACACCGATGAGTGCCGAAACTATAATGCGGAC
consensus (0, 2) TCMCKRBGHYGTTGACAVTDBMHTDARACGRCTATAATBABCVDS
randoml5-1 3.375 ACGACATAGTTGACACCTCAACCAAACTACTATAATGAAAGGCTC
randoml5-2 3.537 CCCGAGTATATTGACAATGTCTTAARAAGGCGTATAATCTCCACGT
randoml5-3 3.654 TCTTACGGACGTTGACACTGCCCTGAAACGGATATAATCGGTTAG
randoml5-5 3.544 CGCGAGCCGTTGACAACTGATGTAGACGACTATAATTCCCCAGGT
randoml5-6 3.453 CCGTATCAGGTTGACATTAACCTAATCACGGTATAATTACCAACC
randoml5-7 3.606 TTACTGCGTTGTTGACAGTATTCATGGTCGGCTATAATCTTCCGA
randoml5-8 3.419 CTGACTTGCCTCTTGACACATGATTGAGGTCTTTATAATGAGCGT
randoml8-1 3.095 GTGGCGTTGACAGGGTAACTAACCGACTCGTATAATCGTCACAGT
consensus (1,0) DCCSGWSMGGSTTGACAWKSSTCYRGYRMWYWYTATAATTSMAYK
randoml 6~6 4.726 CCGACCGGCTTGACATTCCTCTAGTAAATTTTATAATTCAATGGT
randoml 6-7 4.876 CCGGTGAGGGTTGACAAGGGTCCGGCGCTCACTATAATTGCACTG
consensus (1,2) TCWSHTHMCTBTTGACAGDHGMSWMTTMTGBDVVGTATAATTYAG
randoml8-3 4.062 GATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGG
randoml8-4 4.147 TCCTTCCTGTTGACAGGTACCTCTCATGGGACTTATAATGCCCTC
randoml 8-8 4,452 ACTGACCTCTTGACAGACGCCAATTCTGTTCAGTATAATTCAGCC
consensus (2,0) WGANGGDHBHDTTGACASVNTBVTNTASGTNSNTATAATSSGNHN
randoml 6-1 3.392 CGGATTACTTGACAGCGTCGTCTAAAGAAGTATAATTGAACGAAA
randoml 6-2 3.621 AAAGTCCTGTTGACAAAAGCATATCCTTTGGTATAATGCGTACAT
randoml 6-3 3.748 GAATCGACCATTGACAGATCGCTGTACGAGGTTATAATCCGGAAA
randoml6-4 3.898 TGACGAGCCCTTTGACACCGTTGTCTATGCTCTTATAATCGGCAT
randoml6-5 3.462 GGGCTGTATTGACACGTTGATTCGGGTGTATATAATGGGGCTGCG
randoml 6-8 3.690 AGATAGAAGAGTTGACATGCTCCCAAAGATCCCTATAATGCTTTG
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consensus (2,1) WGATVMGABDHT TGACANBBYHGCTNAGGHTVVHDTATAATAGYG
randoml8-2 3.502 ACCAGGTTTGACACTGTAGCTAAAGTCGCAATATAATACCACCAA
randoml8-5 3.723 AGATAATTGACAATCCTGCTGAGTCTACCGTATAATCGTCCACCT
randoml8-6 3.630 GCGATATTTGACATGCTTTGGCGGACTCGTTTATAATAATGGGGG
randoml8~7 3.661 TCAGTCTCTTGACAGCTCCACTTCTGATCATATATAATGGCGTAC
consensus (2,2) KGANSTHBDATTGACADDCDGVCHVHBGKHKVMMCTATAATTNVM
randoml9-1 3.250 GCCTCTTGACAATCGGTTCGCTATAGGCAATATAATTACCCCCAC
randoml9-2 3.326 GATCTATTGACAGGATGCCTGTGGTTTAACCTATAATACCCAATG
randoml9-3 3.303 GCGAGAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTAGCCG
randoml9-4 3.350 AAGTATACTTGACAATTGCAGTTTCGGCAAGAATATAATTGACTT
randoml 9-5 3.130 TCATGTTGACATCTAACGTCTTCGAGAAGCTATAATCCAAGTTTT
randoml 9-6 3.281 CTTTGATTGACACACTGGAAACCARATCCCCTATAATTAGGCGTC
randoml9-7 3.258 CTCGCGTTTGACATACATCCCGATGTATCCAGTATAATTGGATAT
randoml9-8 3.572 ATGTCGGATTGACAATGGGGCAAAGGCCCGACCTATAATTTGAGG
Tx17 15 %15
17 18

2x16 3x18

6x16 4x18 8x19

nb, =4, nb, =1

consensus (0,0) YBNBCKATTGACAAWCKGBCHRHBGHATSMMCTATAATTNSMNRT
randoml9-1 3.691 GCCTCTTGACAATCGGTTCGCTATAGGCAATATAATTACCCCCAC
randoml9-2 3.759 GATCTATTGACAGGATGCCTGTGGTTTAACCTATAATACCCAATG
randoml 9-6 3.938 CTTTGATTGACACACTGGAAACCAAATCCCCTATAATTAGGCGTC
randoml9-7 3.925 CTCGCGTTTGACATACATCCCGATGTATCCAGTATAATTGGATAT
randoml9-8 3.859 ATGTCGGATTGACAATGGGGCAAAGGCCCGACCTATAATTTGAGG
consensus (0,1) GCGAGAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTAGCCG
randoml9-3 6.261 GCGAGAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTAGCCG
consensus (0,2) GDVAGGGTTGACAWGSBTCYAGHGAWYHYTATAATTSHWTGGTSG
randoml6-6 4_346 CCGACCGGCTTGACATTCCTCTAGTAAATTTTATAATTCAATGGT
randoml6-7 4,211 CCGGTGAGGGTTGACAAGGGTCCGGCGCTCACTATAATTGCACTG
randoml 6-8 4.181 AGATAGAAGAGTTGACATGCTCCCAAAGATCCCTATAATGCTTTG
consensus (0, 3) GGVTBHHTTGACASSGTBGTYTADGBDHDTATAATBGGVMTRMRS
randoml 6-1 4,283 CGGATTACTTGACAGCGTCGTCTAAAGAAGTATAATTGAACGAAA
randoml6-4 4.121 TGACGAGCCCTTTGACACCGTTGTCTATGCTCTTATAATCGGCAT
randoml 6-5 4.208 GGGCTGTATTGACACGTTGATTCGGGTGTATATAATGGGGCTGCG
consensus (1,0) AGTMWWSTTGACAWYTRMMGTYTYSGMRARRMTATAATYSAMKTT
randoml 9-4 4,938 AAGTATACTTGACAATTGCAGTTTCGGCAAGAATATAATTGACTT
randoml9-5 4.819 TCATGTTGACATCTAACGTCTTCGAGAAGCTATAATCCAAGTTTT
consensus (1,2) GMGATAWTTGACAWKCYTKSKSRGWCTMSYKTATAATMRTSSRSS
randoml8-5 4.875 AGATAATTGACAATCCTGCTGAGTCTACCGTATAATCGTCCACCT
randomlB8~6 5.031 GCGATATTTGACATGCTTTGGCGGACTCGTTTATAATAATGGGGG
consensus (1, 3) HVGHCTVTTGACAGAWSSATDTMYGWTGDTATAWWVYGGAVWWCS
randomi6-2 4,134 AAAGTCCTGTTGACAAAAGCATATCCTTTGGTATAATGCGTACAT
randoml 6-3 4.170 GAATCGACCATTGACAGATCGCTGTACGAGGTTATAATCCGGAAA
randoml8-7 4,198 TCAGTCTCTTGACAGCTCCACTTCTGATCATATATAATGGCGTAC
consensus {2,0) HGBVHBNTTGACAVVGAKBNTBTCMSHAHGTATAATNCGVABGTT
randoml7-4 3.825 CACCCCCCTGTTGACACCGATGAGTGCCGAAACTATAATGCGGAC
randoml7-~5 4,384 CGGGCCCTTGACACGGAGTGTGTCCCCAAGTATAATTCTCAGGTT
randoml7-7 3.917 CCAGTAAGATTGACAGATATCCTTTCAGACTGTATAATAAGCGTG
randoml7-8 3.888 ATCTGTCTGTTTGACAACGCGCTTCTCACTGCGTATAATCCAAAC
consensus (2,1) ATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGGK
randoml8-3 6.075 GATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGG
consensus (2,2) YKWCCTSTTGACAGRYRCCWMTYMTGKKMMKTATAATKCMSYCVG
randoml8-4 4.878 TCCTTCCTGTTGACAGGTACCTCTCATGGGACTTATAATGCCCTC

randoml8-8 4.892 ACTGACCTCTTGACAGACGCCAATTCTGTTCAGTATAATTCAGCC



consensus (2, 3)

TTRCMTYTTGACASMKSAWKGWRSKMTWTATAATSMKMGTSNCMG

randoml5-4 4.510 GGACTTTACATTTTGACAGCGCAAGGTACGATATATAATCCTAGT
randoml5-8 4.524 CTGACTTGCCTCTTGACACATGATTGAGGTCTTTATAATGAGCGT
consensus (3,0) ATHDGSTTTGACAGNAADDGHGDVDAGBNHTATAATGGGAGTAYT
randoml7-1 4.150 CTAAGGTTTGACAGAAGTGGACTGAAGTCATATAATTGAAGTCCT
randoml7-2 3.899 CAATTGCTTTGACATCCAAACTGACGAACATTATAATGAGGGGAC
randoml7-3 4,139 GCATCAAGTTTGACAGTAAAAGAGAAATGGGCTATAATGGGATTG
randoml7-6 4.087 TGTCGTCTTTGACAGGGCGTGCAGCTAGCTTTATAATGTGAGTAT
consensus (3,2) RVYAGVGTTGACASBGTAACTAAASTASTADWATAAWAGBMHCAR
randoml5-1 4.284 ACGACATAGTTGACACCTCAACCAAACTACTATAATGAAAGGCTC
randoml8-1 4.443 GTGGCGTTGACAGGGTAACTAACCGACTCGTATAATCGTCACAGT
randoml 8-2 4.479 ACCAGGTTTGACACTGTAGCTAAAGTCGCAATATAATACCACCAA
consensus (3, 3) NRGGABGTTGACANTDNCYTWADACGGSTATAATYNCCHAGBTAR
randoml5-2 3.823 CCCGAGTATATTGACAATGTCTTAAAAGGCGTATAATCTCCACGT
randoml15-3 3.778 TCTTACGGACGTTGACACTGCCCTGAAACGGATATAATCGGTTAG
randoml5-5 3.822 CGCGAGCCGTTGACAACTGATGTAGACGACTATAATTCCCCAGGT
randoml5-6 3.691 CCGTATCAGGTTGACATTAACCTAATCACGGTATAATTACCAACC
randoml5-7 3.620 TTACTGCGTTGTTGACAGTATTCATGGTCGGCTATAATCTTCCGA
5x18 19 3x16 3x16
2x19 2x18 2x16
18

4x17 18 2x18 2x15
4x17 15 5x15

2x18
nb, =5, nb, =1
consensus (0, 0) TCMGYVTMADGTTTGACAGDAVDDGAVDVWWGBBHTATAATGGGA
randoml7-1 4,113 CTAAGGTTTGACAGAAGTGGACTGAAGTCATATAATTGAAGTCCT
randoml7-3 4.434 GCATCAAGTTTGACAGTAAAAGAGAAATGGGCTATAATGGGATTG
randoml7-6 4.059 TGTCGTCTTTGACAGGGCGTGCAGCTAGCTTTATAATGTGAGTAT
consensus (0,1) TGATCTGTCTGTTTGACAACGCGCTTCTCACTGCGTATAATCCAA
randoml7-8 6.029 ATCTGTCTGTTTGACAACGCGCTTCTCACTGCGTATAATCCAAAC
consensus (0, 2) TGWYYDDYCTSTTGACAGVTVCMHHTYHTGTBAHDTATAATGSMG
randoml8~-4 4.436 TCCTTCCTGTTGACAGGTACCTCTCATGGGACTTATAATGCCCTC
randoml8-7 4,221 TCAGTCTCTTGACAGCTCCACTTCTGATCATATATAATGGCGTAC
randoml8-8 4,307 ACTGACCTCTTGACAGACGCCAATTCTGTTCAGTATAATTCAGCC
consensus (0, 3) TGWBNGTGGCGTTGACAGGGTAACTAACCGACTCGTATAATCGTC
randoml8-1 5.600 GTGGCGTTGACAGGGTAACTAACCGACTCGTATAATCGTCACAGT
consensus (0, 4) TGAGGMGATAWT TGACAWKCYTKSKSRGWCTMSYKTATAATMRTS
randoml8-5 4.601 AGATAATTGACAATCCTGCTGAGTCTACCGTATAATCGTCCACCT
randoml 8-6 4.750 GCGATATTTGACATGCTTTGGCGGACTCGTTTATAATAATGGGGG
consensus (1,0) TCCACCSSSCYSTTGACACSGAKKRKKKCCSMAASTATAATKCKS
randoml7-4 5.018 CACCCCCCTGTTGACACCGATGAGTGCCGAAACTATAATGCGGAC
randoml7-5 4.606 CGGGCCCTTGACACGGAGTGTGTCCCCAAGTATAATTCTCAGGTT
consensus (1,2) TGWBHGGGCTGTATTGACACGTTGATTCGGGTGTATATAATGGGG
randoml 6-5 5.613 GGGCTGTATTGACACGTTGATTCGGGTGTATATAATGGGGCTGCG
consensus (1,4) TGAGAYCASGTTTGACASTRKAGMYMWMKYCRSRRTATAATWYMR
randoml8-2 4.595 ACCAGGTTTGACACTGTAGCTAAAGTCGCAATATAATACCACCAA
randoml8-3 4,752 GATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGG
consensus (2,0) YNCCCARTWRSWTTGACAKMYAWMCTKWCRRACWKTATAATRAGS
randoml7-2 4.747 CAATTGCTTTGACATCCAAACTGACGAACATTATAATGAGGGGAC

randoml7-7

4.900

CCAGTAAGATTGACAGATATCCTTTCAGACTGTATAATAAGCGTG
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consensus (2,2)

TGTGAMKMGMCCWTTGACASMKYKSTSTAYGMKSTTATAATCSGS

randoml6-3 4.897 GAATCGACCATTGACAGATCGCTGTACGAGGTTATAATCCGGAAA
randoml 6-4 5.062 TGACGAGCCCTTTGACACCGTTGTCTATGCTCTTATAATCGGCAT
consensus (2, 4) DCAAGTMWWSTTGACAWYTRMMGTYTYSGMRARRMTATAATYSAM
randoml9-4 4.873 AAGTATACTTGACAATTGCAGTTTCGGCAAGAATATAATTGACTT
randoml9-5 4.463 TCATGTTGACATCTAACGTCTTCGAGAAGCTATAATCCAAGTTTT
consensus (3,0) VNCTSMSTWKCMKSTTGACAYWWRMYTRAKSWCKKTATAATKASC
randoml5-6 4.445 CCGTATCAGGTTGACATTAACCTAATCACGGTATAATTACCAACC
randoml5-8 4.746 CTGACTTGCCTCTTGACACATGATTGAGGTCTTTATAATGAGCGT
consensus (3,2) DNDGCCGRMYKRCTTGACAKYSYYSTMKWAARWWKTATAATTSAA
randomlé-1 4.518 CGGATTACTTGACAGCGTCGTCTAAAGAAGTATAATTGAACGAAA
randoml6-6 4,667 CCGACCGGCTTGACATTCCTCTAGTAAATTTTATAATTCAATGGT
consensus (3, 4) GVAKGDHGDATTGACAGGVTGVCHVHGGBTBDASCTATAATWTVV
randoml9-2 4.113 GATCTATTGACAGGATGCCTGTGGTTTAACCTATAATACCCAATG
randoml9-3 4.146 GCGAGAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTAGCCG
randoml9-8 4.306 ATGTCGGATTGACAATGGGGCAAAGGCCCGACCTATAATTTGAGG
consensus (4,0) WMSTYHBNGGGHYGTTGACAATGBHYDDARACGGVTATAATCBRBC
randoml5-2 3.926 CCCGAGTATATTGACAATGTCTTARAAGGCGTATAATCTCCACGT
randoml5-3 4.043 TCTTACGGACGTTGACACTGCCCTGAAACGGATATAATCGGTTAG
randoml5-5 3.731 CGCGAGCCGTTGACAACTGATGTAGACGACTATAATTCCCCAGGT
randoml5-7 3.974 TTACTGCGTTGTTGACAGTATTCATGGTCGGCTATAATCTTCCGA
consensus (4,1) AWGGAMYKWMMWWKTTGACASCKCAASSWAMSWWMTATAATSMWA
randoml5-1 4.293 ACGACATAGTTGACACCTCAACCAAACTACTATAATGAAAGGCTC
randoml5-4 4.722 GGACTTTACATTTTGACAGCGCAAGGTACGATATATAATCCTAGT
consensus (4,2) RTAGAWAGWMSWGTTGACAWRMKCMYAWMSWTYSSTATAATGCKT
randoml6-2 4.666 AAAGTCCTGTTGACAARAGCATATCCTTTGGTATAATGCGTACAT
randoml6-8 4.969 AGATAGAAGAGTTGACATGCTCCCAAAGATCCCTATAATGCTTTG
consensus (4, 3) GHACCGGTGAGGGTTGACAAGGGTCCGGCGCTCACTATAATTGCA
randoml 6-7 5.857 CCGGTGAGGGTTGACAAGGGTCCGGCGCTCACTATAATTGCACTG
consensus (4,4) GNACYBBYGHTTGACAHWCDGBHMGMTAWATSCAVTATAATTAGV
randoml9-1 4.064 GCCTCTTGACAATCGGTTCGCTATAGGCAATATAATTACCCCCAC
randoml9-6 4.098 CTTTGATTGACACACTGGAAACCAAATCCCCTATAATTAGGCGTC
randoml8-~7 4.347 CTCGCGTTTGACATACATCCCGATGTATCCAGTATAATTGGATAT
3x17 17 3x18 18 2x18

2x17 16 2x18

2x17 2x16 2x19

2x15 2x16 3x19

4x15 2x15 2x16 16 3x19

nb, = 6, nb; =1

consensus (0,0) HBATCYBDAGBABGTTGACAHTGHCYTAAWAVGGGTATAATYDSY
randoml5-2 4.413 CCCGAGTATATTGACAATGTCTTAAAAGGCGTATAATCTCCACGT
randoml5-3 4.420 TCTTACGGACGTTGACACTGCCCTGAAACGGATATAATCGGTTAG
randoml5-6 4,281 CCGTATCAGGTTGACATTAACCTAATCACGGTATAATTACCAACC
consensus (0,1) NCATTACTGCGTTGTTGACAGTATTCATGGTCGGCTATAATCTTC
randoml5-7 5.927 TTACTGCGTTGTTGACAGTATTCATGGTCGGCTATAATCTTCCGA
consensus (0,2) RYATCYGKSYSYTTGACAMSGMGYKTSTCMCYRMGTATAATYCWM
randoml7-5 4,524 CGGGCCCTTGACACGGAGTGTGTCCCCAAGTATAATTCTCAGGTT
randoml7-8 4.970 ATCTGTCTGTTTGACAACGCGCTTCTCACTGCGTATAATCCAAAC
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consensus (0, 3)
randoml7-1
randoml9-7

consensus (0,4)
randoml9-1

consensus (0,5)
randoml 9-4
randoml9-5

consensus (1,0)
randoml5-5

consensus (1,5)
random18-3

consensus (2,0)
randoml 6-7

consensus (2,1)
randoml 6-6

consensus (2,2)
randoml8-4
randoml8-8

consensus (2,3)
randoeml8-7

consensus (2, 4)
randoml8-5
randoml8-6

consensus (2,5)
randoml18-2

consensus (3,0)
randoml 6-2
randoml 6-8

consensus (3,1)
randoml6-5

consensus (3, 3)
randoml5-8

consensus (3,5)
randoml5-1
randoml8-1

consensus (4,0)
randoml6-3

consensus (4,2)
randoml7-6

consensus (4, 3)
randoml 7-4

consensus (4,5)
randoml9-3

consensus (5,0)
randoml6-1
randoml 6-4

consensus (5,1)
randoml5-4

consensus (5,2)
randoml7-2
randoml7-~7

4.226
4.530

5.640

4.889
4.469

5.643

5.920

5.947

5.751

4.894
4.910

5.934

4.595
4.742

5.804

4.672
4.979

5.611

6.187

4.965
4.538

5.935

5.615

5.915

5.806

4.675
5.121

6.189

4.674
4.825
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NDACTCKMRKKTKWSAYASAWSYSGAYKKAWSYMRTATAATTGRA
CTAAGGTTTGACAGAAGTGGACTGAAGTCATATAATTGAAGTCCT
CTCGCGTTTGACATACATCCCGATGTATCCAGTATAATTGGATAT

DNAVDGCCTCTTGACAATCGGTTCGCTATAGGCAATATAATTACC
GCCTCTTGACAATCGGTTCGCTATAGGCAATATAATTACCCCCAC

VCAAGTMWWSTTGACAWY TRMMGTYTYSGMRARRMTATAATYSAM
AAGTATACTTGACAATTGCAGTTTCGGCAAGAATATAATTGACTT
TCATGTTGACATCTAACGTCTTCGAGAAGCTATAATCCAAGTTTT

KKATCCGCGAGCCGTTGACAACTGATGTAGACGACTATAATTCCC
CGCGAGCCGTTGACAACTGATGTAGACGACTATAATTCCCCAGGT

TGAGATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAG
GATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGG

HGACCGGTGAGGGTTGACAAGGGTCCGGCGCTCACTATAATTGCA
CCGGTGAGGGT TGACAAGGGTCCGGCGCTCACTATAATTGCACTG

TGWCCCGACCGGCTTGACATTCCTCTAGTAAATTTTATAATTCAA
CCGACCGGCTTGACATTCCTCTAGTAAATTTTATAATTCAATGGT

TGWCYKWCCTSTTGACAGRYRCCWMTYMTGKKMMKTATAATKCMS
TCCTTCCTGTTGACAGGTACCTCTCATGGGACTTATAATGCCCTC
ACTGACCTCTTGACAGACGCCAATTCTGTTCAGTATAATTCAGCC

TGWTCAGTCTCTTGACAGCTCCACTTCTGATCATATATAATGGCG
TCAGTCTCTTGACAGCTCCACTTCTGATCATATATAATGGCGTAC

TGABGMGATAWTTGACAWKCYTKSKSRGWCTMSYKTATAATMRTS
AGATAATTGACAATCCTGCTGAGTCTACCGTATAATCGTCCACCT
GCGATATTTGACATGCTTTGGCGGACTCGTTTATAATAATGGGGG

TGASACCAGGTTTGACACTGTAGCTAAAGTCGCAATATAATACCA
ACCAGGTTTGACACTGTAGCTAAAGTCGCAATATAATACCACCAA

WGAGAWAGWMSWGT TGACAWRMKCMYAWMSWTYSSTATAATGCKT
AAAGTCCTGTTGACAARAGCATATCCTTTGGTATAATGCGTACAT
AGATAGAAGAGTTGACATGCTCCCAAAGATCCCTATAATGCTTTG

TGWSMGGGCTGTATTGACACGTTGATTCGGGTGTATATAATGGGG
GGGCTGTATTGACACGTTGATTCGGGTGTATATAATGGGGCTGCG

TGACTTGCCTCTTGACACATGATTGAGGTCTTTATAATGAGCGTG
CTGACTTGCCTCTTGACACATGATTGAGGTCTTTATAATGAGCGT

TGACGRYRKMGTTGACASSKYAACYAAMCKACTMKWATRAWMGKC
ACGACATAGTTGACACCTCAACCAAACTACTATAATGAAAGGCTC
GTGGCGTTGACAGGGTAACTAACCGACTCGTATAATCGTCACAGT

KGDGAATCGACCATTGACAGATCGCTGTACGAGGTTATAATCCGG
GAATCGACCATTGACAGATCGCTGTACGAGGTTATAATCCGGAAA

TGRMCTGTCGTCTTTGACAGGGCGTGCAGCTAGCTTTATAATGTG
TGTCGTCTITTGACAGGGCGTGCAGCTAGCTTTATAATGTGAGTAT

TGACACCCCCCTGTTGACACCGATGAGTGCCGAAACTATAATGCG
CACCCCCCTGTTGACACCGATGAGTGCCGAAACTATAATGCGGAC

TGAMGCGAGAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTA
GCGAGAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTAGCCG

CGTGACGRRYYMYTTGACASCGTYGTCTAWRSWMKTATAATYGRM
CGGATTACTTGACAGCGTCGTCTAAAGAAGTATAATTGAACGAAA
TGACGAGCCCTTTGACACCGTTGTCTATGCTCTTATAATCGGCAT

VGGACTTTACATTTTGACAGCGCAAGGTACGATATATAATCCTAG
GGACTTTACATTTTGACAGCGCAAGGTACGATATATAATCCTAGT

BGGMCCARTWRSWTTGACAKMYAWMCTKWCRRACWKTATAATRAG
CAATTGCTTTGACATCCAAACTGACGAACATTATAATGAGGGGAC
CCAGTAAGATTGACAGATATCCTTTCAGACTGTATAATAAGCGTG
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consensus (5, 3) AGRCGCATCAAGTTTGACAGTAAAAGAGAAATGGGCTATAATGGG
randoml7-3 5.822 GCATCAAGTTTGACAGTARAAGAGARATGGGCTATAATGGGATTG
consensus (5, 4) AGAMGCTTTGATTGACACACTGGAAACCAAATCCCCTATAATTAG
randoml 9-6 5.672 CTTTGATTGACACACTGGAAACCAAATCCCCTATAATTAGGCGTC
consensus {5, 5) AGAATGWYSKATTGACARKRKGSCWRWGGYYYRACCTATAATWYS
randoml9-2 4.530 GATCTATTGACAGGATGCCTGTGGTTTAACCTATAATACCCAATG
randoml9-8 4,837 ATGTCGGATTGACAATGGGGCAAAGGCCCGACCTATAATTTGAGG
3x15 15 2x17 17 19 2x19
19

15 18

16 16 2x18 18 2x18 18

2x16 16 15 15

18

16 17 17 19

2x16 15 2x17 17 19 2x19

nb, =7,nb, =1

consensus (0, 0) YKGATTGACAMWSKGGMAAMSRMMYSMCCTATAATTWGRSGTCCM
randoml9-6 5.040 CTTTGATTGACACACTGGAAACCAAATCCCCTATAATTAGGCGTC
randoml 9-8 4.765 ATGTCGGATTGACAATGGGGCAAAGGCCCGACCTATAATTTGAGG
consensus (0,1) GCGTTTGACATACATCCCGATGTATCCAGTATAATTGGATATVCN
randoml8-7 5.982 CTCGCGTTTGACATACATCCCGATGTATCCAGTATAATTGGATAT
consensus (0, 2) TCTATTGACAGGATGCCTGTGGTTTAACCTATAATACCCAATGCT
randoml9-2 6.200 GATCTATTGACAGGATGCCTGTGGTTTAACCTATAATACCCAATG
consensus (0, 3) AGAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTAGCCGDKT
random19-3 6.012 GCGAGAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTAGCCG
consensus (0, 4) GGACTTTACATTTTGACAGCGCAAGGTACGATATATAATCCTAGT
randoml5-4 6.408 GGACTTTACATTTTGACAGCGCAAGGTACGATATATAATCCTAGT
consensus (0, 5) ATACTTGACAATTGCAGTTTCGGCAAGAATATAATTGACTTTWKT
randoml9-4 5.751 AAGTATACTTGACAATTGCAGTTTCGGCAAGAATATAATTGACTT
consensus (0, 6) ARGTTTGACAGWARWRGASWRAWGKSMTATAATKGRAKTSCTAGT
randoml7-1 5.039 CTAAGGTTTGACAGAAGTGGACTGAAGTCATATAATTGAAGTCCT
randoml7-3 4.761 GCATCAAGTTTGACAGTAAAAGAGAAATGGGCTATAATGGGATTG
consensus (1, 0) CCTCTTGACAATCGGTTCGCTATAGGCAATATAATTACCCCCACA
randoml9-1 6.206 GCCTCTTGACAATCGGTTCGCTATAGGCAATATAATTACCCCCAC
consensus (1, 4) CATGTTGACATCTAACGTCTTCGAGAAGCTATAATCCAAGTTTTT
randoml9-5 6.207 TCATGTTGACATCTAACGTCTTCGAGAAGCTATAATCCAAGTTTT
consensus (1, 6) ACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGGTAGT
randoml8-3 5.827 GATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGG
consensus (2, 0) CGACCGGCTTGACATTCCTCTAGTAAATTTTATAATTCAATGGTA
randoml6-6 6.257 CCGACCGGCTTGACATTCCTCTAGTAAATTTTATAATTCAATGGT
consensus (2,1) GTATCAGGTTGACATTAACCTAATCACGGTATAATTACCAACCYA
random15-6 6.092 CCGTATCAGGTTGACATTAACCTAATCACGGTATAATTACCAACC
consensus (2,2) TACGGACGTTGACACTGCCCTGAAACGGATATAATCGGTTAGYCA

randoml5-3 6.066 TCTTACGGACGTTGACACTGCCCTGAAACGGATATAATCGGTTAG



consensus (2, 3)
randoml5-2

consensus (2, 4)
randoml5-1

consensus (2, 6)
randoml8-8

consensus (3,0)
randoml6-8

consensus (3,4)
randoml8-2

consensus (3, 6)
randoml8-4
randomi8-7

consensus (4,0)
randoml6-7

consensus (4,1)
randoml6-5

consensus (4,2)
randoml6-2
randoml6-3

consensus (4, 3)
randoml6-4

consensus (4,4)
randomi6-1

consensus (4,6)
randoml5-5

consensus (5,0)
randoml7-7

consensus (5,5)
randoml8-6

consensus (5, 6)
randoml5-7

consensus (6,0)
randoml5-8
randoml7-2

consensus (6,1)
randoml7-4

consensus (6,2)
randoml7-5

consensus (6,3)
randoml7-8

consensus (6,4)
randoml7-6

consensus (6,5)
randoml8-1

consensus (6, 6)
randoml8-5

6.113

6.265

5.746

5.959

6.234

4.676
4.829

6.140

6.365

5.042
4,917

5.975

6.414

5.914

6.082

5.744

5.685

4.827
5.133

5.969

6.513

6.045

6.245

5.955

6.006
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CGAGTATATTGACAATGTCTTAAAAGGCGTATAATCTCCACGTYA
CCCGAGTATATTGACAATGTCTTAAAAGGCGTATAATCTCCACGT

CGACATAGTTGACACCTCAACCAAACTACTATAATGAAAGGCTCA
ACGACATAGTTGACACCTCAACCAAACTACTATAATGARAGGCTC

CCTCTTGACAGACGCCAATTCTGTTCAGTATAATTCAGCCSTATG
ACTGACCTCTTGACAGACGCCAATTCTGTTCAGTATAATTCAGCC

TAGAAGAGTTGACATGCTCCCAAAGATCCCTATAATGCTTTGGYG
AGATAGAAGAGTTGACATGCTCCCAAAGATCCCTATAATGCTTTG

CACCAGGTTTGACACTGTAGCTAAAGTCGCAATATAATACCACCA
ACCAGGTTTGACACTGTAGCTAAAGTCGCAATATAATACCACCAA

YCTSTTGACAGSTMCMYYTCWKRKSAYWTATAATGSCSTMCTHHD
TCCTTCCTGTTGACAGGTACCTCTCATGGGACTTATAATGCCCTC
TCAGTCTCTTGACAGCTCCACTTCTGATCATATATAATGGCGTAC

GGTGAGGGTTGACAAGGGTCCGGCGCTCACTATAATTGCACTGCG
CCGGTGAGGGTTGACAAGGGTCCGGCGCTCACTATAATTGCACTG

GGGCTGTATTGACACGTTGATTCGGGTGTATATAATGGGGCTGCG
GGGCTGTATTGACACGTTGATTCGGGTGTATATAATGGGGCTGCG

AWSKMCYRTTGACARAWSSMTRTMCKWKGKTATAATSCGKAMATG
AAAGTCCTGTTGACAAAAGCATATCCTTTGGTATAATGCGTACAT
GAATCGACCATTGACAGATCGCTGTACGAGGTTATAATCCGGAAA

CGAGCCCTTTGACACCGTTGTCTATGCTCTTATAATCGGCATAHA
TGACGAGCCCTTTGACACCGTTGTCTATGCTCTTATAATCGGCAT

CGGATTACTTGACAGCGTCGTCTAAAGAAGTATAATTGAACGAAA
CGGATTACTTGACAGCGTCGTCTAAAGAAGTATAATTGAACGAAA

GAGCCGTTGACAACTGATGTAGACGACTATAATTCCCCAGGTWWC
CGCGAGCCGTTGACAACTGATGTAGACGACTATAATTCCCCAGGT

AGTAAGATTGACAGATATCCTTTCAGACTGTATAATAAGCGTGCG
CCAGTAAGATTGACAGATATCCTTTCAGACTGTATAATAAGCGTG

TATTTGACATGCTTTGGCGGACTCGTTTATAATAATGGGGGTAWA
GCGATATTTGACATGCTTTGGCGGACTCGTTTATAATAATGGGGG

GCGTTGTTGACAGTATTCATGGTCGGCTATAATCTTCCGAGTVAG
TTACTGCGTTGTTGACAGTATTCATGGTCGGCTATAATCTTCCGA

AMTTGCYTYKWSAYMCAWRMTKRMGRWCWTTATAATGAGSGKACG
CTGACTTGCCTCTTGACACATGATTGAGGTCTTTATAATGAGCGT
CAATTGCTTTGACATCCAAACTGACGAACATTATAATGAGGGGAC

CCCCCTGTTGACACCGATGAGTGCCGAAACTATAATGCGGACGYT
CACCCCCCTGTTGACACCGATGAGTGCCGAARACTATAATGCGGAC

CGGGCCCTTGACACGGAGTGTGTCCCCAAGTATAATTCTCAGGTT
CGGGCCCTTGACACGGAGTGTGTCCCCAAGTATAATTCTCAGGTT

TGTCTGTTTGACAACGCGCTTCTCACTGCGTATAATCCAAACRTT
ATCTGTCTGTTTGACAACGCGCTTCTCACTGCGTATAATCCAAAC

GTCGTCTTTGACAGGGCGTGCAGCTAGCTT TATAATGTGAGTATT
TGTCGTCTTTGACAGGGCGTGCAGCTAGCTTTATAATGTGAGTAT

GCGTTGACAGGGTAACTAACCGACTCGTATAATCGTCACAGTATA
GTGGCGTTGACAGGGTAACTAACCGACTCGTATAATCGTCACAGT

TAATTGACAATCCTGCTGAGTCTACCGTATAATCGTCCACCTGRY
AGATAATTGACAATCCTGCTGAGTCTACCGTATAATCGTCCACCT



2x19 19 19 19 15 19 2x17

19 19 18

16 15 15 15 15 18

16 18 2x18

16 16 2x16 16 16 15

17 18 15

15 17 17 17 17 18 18

17

nb, =3, nb; =2

consensus (0,0) MKYVNSTTTGACAGVGADNGWBDCAVRVHBTATAATGVGARBGYT
randoml7-1 3.514 CTAAGGTTTGACAGAAGTGGACTGAAGTCATATAATTGAAGTCCT
randoml7-2 3.451 CAATTGCTTTGACATCCAAACTGACGAACATTATAATGAGGGGAC
randoml7-3 3.419 GCATCAAGTTTGACAGTAAAAGAGAAATGGGCTATAATGGGATTG
randoml7-~-4 3.224 CACCCCCCTGTTGACACCGATGAGTGCCGAARACTATAATGCGGAC
randoml7-5 3.586 CGGGCCCTTGACACGGAGTGTGTCCCCAAGTATAATTCTCAGGTT
randoml7-6 3.520 TGTCGTCTTTGACAGGGCGTGCAGCTAGCTTTATAATGTGAGTAT
randoml7-7 3.530 CCAGTAAGATTGACAGATATCCTTTCAGACTGTATAATAAGCGTG
randoml7-8 3.315 ATCTGTCTGTTTGACAACGCGCTTCTCACTGCGTATAATCCAAAC
consensus (0,1) AGTMWWSTTGACAWYTRMMGTYTYSGMRARRMTATAATYSAMKTT
randoml 9-4 4.931 AAGTATACTTGACAATTGCAGTTTCGGCAAGAATATAATTGACTT
randoml9-5 4.811 TCATGTTGACATCTAACGTCTTCGAGAAGCTATAATCCAAGTTTT
consensus (0, 2) BBNYBKATTGACADDCKGSCHGHGGTHKSMMCTATAATTNSVCVT
randoml9-1 3.570 GCCTCTTGACAATCGGTTCGCTATAGGCAATATAATTACCCCCAC
randoml9-2 3.645 GATCTATTGACAGGATGCCTGTGGTTTAACCTATAATACCCAATG
randoml19-3 3.587 GCGAGAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTAGCCG
randoml9-6 3.807 CTTTGATTGACACACTGGAAACCAAATCCCCTATAATTAGGCGTC
randoml9-7 3.655 CTCGCGTTTGACATACATCCCGATGTATCCAGTATAATTGGATAT
randoml9-8 3.701 ATGTCGGATTGACAATGGGGCAAAGGCCCGACCTATAATTTGAGG
consensus (1,0) ATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGGK
randoml8-3 6.031 GATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGG
consensus (1,2) AGWMSWGTTGACAWRMKCMYAWMSWTYSSTATAATGCKTWSATNB
randoml 6-2 4,847 AAAGTCCTGTTGACAAAAGCATATCCTTTGGTATAATGCGTACAT
randoml6-8 4.594 AGATAGAAGAGTTGACATGCTCCCAAAGATCCCTATAATGCTTTG
consensus (2,0) TDNSHYGTTGACAVYDBAHBDAAMCGDCTATAATYHBCGDSNYAG
randoml5-1 3.345 ACGACATAGTTGACACCTCAACCAAACTACTATAATGAAAGGCTC
randoml5-2 3.294 CCCGAGTATATTGACAATGTCTTAAAAGGCGTATAATCTCCACGT
randoml5-3 3.319 TCTTACGGACGTTGACACTGCCCTGAAACGGATATAATCGGTTAG
randoml5-4 3.069 GGACTTTACATTTTGACAGCGCAAGGTACGATATATAATCCTAGT
randoml5-5 3.426 CGCGAGCCGTTGACAACTGATGTAGACGACTATAATTCCCCAGGT
randoml5-6 3.201 CCGTATCAGGTTGACATTAACCTAATCACGGTATAATTACCAACC
randoml5-7 3.200 TTACTGCGTTGTTGACAGTATTCATGGTCGGCTATAATCTTCCGA
randoml5-8 3.096 CTGACTTGCCTCTTGACACATGATTGAGGTCTTTATAATGAGCGT
randoml8-1 3.467 GTGGCGTTGACAGGGTAACTAACCGACTCGTATAATCGTCACAGT
consensus (2,1) NCGMBWNTTGACAGKCNHBNNNNRTBTGCHKTATAATACHSCCVV
randoml8-2 3.490 ACCAGGTTTGACACTGTAGCTAAAGTCGCAATATAATACCACCAA
randoml8-4 3.342 TCCTTCCTGTTGACAGGTACCTCTCATGGGACTTATAATGCCCTC
randoml18-5 3.588 AGATAATTGACAATCCTGCTGAGTCTACCGTATAATCGTCCACCT
randoml8-6 3.424 GCGATATTTGACATGCTTTGGCGGACTCGTTTATAATAATGGGGG
randoml8-8 3.478 ACTGACCTCTTGACAGACGCCAATTCTGTTCAGTATAATTCAGCC
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consensus (2,2)

randoml6-1 3.482
randoml6-3 3.320
randoml6-4 3.463
randoml6-~5 3.505
randoml 6-6 3.351
randoml6-7 3.234
randoml8-7 3.334
7x15 2x19 6x19

18 2x16
8x15 5x18 6x16

18 18

nb; = 4, nb;, =2

consensus (0,0)

randoml5-2 3.823
randoml5-3 3.778
randoml5-5 3.822
randoml5-6 3.691
randoml5-7 3.620
consensus (0,1)

randoml5-4 4.510
randoml5-8 4.524
consensus (0,2)

randoml 6-2 4,134
randoml6-3 4.170
randoml8-7 4,198
consensus (0, 3)

randoml6-1 4.445
randoml 6-4 4.071
randoml 6-6 4,182
consensus (1,0)

randoml5-1 4,284
randoml8-1 4.443
randoml8-2 4.479
consensus (1,1)

randoml8=4 4,878
randoml8-8 4.892
consensus (1,2)

randoml8-5 4,875
randoml8-6 5.030
consensus (1, 3)

randomlé6-5 4.381
randoml 6-7 4.270
randoml16~8 4,083
consensus (2,1)

randomi8-3 6.076
consensus (2, 3)

randoml9-2 4.808
randoml9-3 4.966
consensus (3,0)

randoml7-1 4,150
randomi7-2 3.899
randoml7-3 4,139
randoml7-6 4.087
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GRGHSBCTTGACASSKYBVTBTMDGWKEWTATAATYGGRCKGHVV

CGGATTACTTGACAGCGTCGTCTAAAGAAGTATAATTGAACGAAA

GAATCGACCATTGACAGATCGCTGTACGAGGTTATAATCCGGAAA
TGACGAGCCCTTTGACACCGTTGTCTATGCTCTTATAATCGGCAT
GGGCTGTATTGACACGTTGATTCGGGTGTATATAATGGGGCTGCG
CCGACCGGCTTGACATTCCTCTAGTARATTTTATAATTCAATGGT

CCGGTGAGGGTTGACAAGGGTCCGGCGCTCACTATAATTGCACTG

TCAGTCTCTTGACAGCTCCACTTCTGATCATATATAATGGCGTAC

NRGGABGTTGACANTDNCYTWADACGGSTATAATYNCCHAGBTAR
CCCGAGTATATTGACAATGTCTTAAAAGGCGTATAATCTCCACGT
TCTTACGGACGTTGACACTGCCCTGAAACGGATATAATCGGTTAG
CGCGAGCCGTTGACAACTGATGTAGACGACTATAATTCCCCAGGT
CCGTATCAGGTTGACATTAACCTAATCACGGTATAATTACCAACC
TTACTGCGTTGTTGACAGTATTCATGGTCGGCTATAATCTTCCGA

TTRCMTYTTGACASMKSAWKGWRSKMTWTATAATSMKMGTSNCMG
GGACTTTACATTTTGACAGCGCAAGGTACGATATATAATCCTAGT
CTGACTTGCCTCTTGACACATGATTGAGGTCTTTATAATGAGCGT

HVGHCTVTTGACAGAWSSATDTMYGWTGDTATAWWVYGGAVWWCS
AAAGTCCTGTTGACAAAAGCATATCCTTTGGTATAATGCGTACAT
GAATCGACCATTGACAGATCGCTGTACGAGGTTATAATCCGGAAA
TCAGTCTCTTGACAGCTCCACTTCTGATCATATATAATGGCGTAC

GAVYBVYTTGACABYGTTGTMTWWAVWHTTATAATTGAAHGRWAS
CGGATTACTTGACAGCGTCGTCTAAAGAAGTATAATTGAACGAAA
TGACGAGCCCTTTGACACCGTTGTCTATGCTCTTATAATCGGCAT
CCGACCGGCTTGACATTCCTCTAGTAAATTTTATAATTCAATGGT

RVYAGVGTTGACASBGTAACTAAASTASTADWATAAWAGBMHCAR
ACGACATAGTTGACACCTCAACCAAACTACTATAATGAARAGGCTC
GTGGCGTTGACAGGGTAACTAACCGACTCGTATAATCGTCACAGT
ACCAGGTTTGACACTGTAGCTAAAGTCGCAATATAATACCACCAA

YKWCCTSTTGACAGRYRCCWMTYMTGKKMMKTATAATKCMSYCVG
TCCTTCCTGTTGACAGGTACCTCTCATGGGACTTATAATGCCCTC
ACTGACCTCTTGACAGACGCCAATTCTGTTCAGTATAATTCAGCC

GMGATAWTTGACAWKCYTKSKSRGWCTMSYKTATAATMRTSSRSS
AGATAATTGACAATCCTGCTGAGTCTACCGTATAATCGTCCACCT
GCGATATTTGACATGCTTTGGCGGACTCGTTTATAATAATGGGGG

GGVWGDGTTGACAHGBTBMYDVVGVTSHMTATAATGGBDYTGCGB
GGGCTGTATTGACACGTTGATTCGGGTGTATATAATGGGGCTGCG
CCGGTGAGGGTTGACAAGGGTCCGGCGCTCACTATAATTGCACTG
AGATAGAAGAGTTGACATGCTCCCAAAGATCCCTATAATGCTITTG

ATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGGK
GATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGG

GSRWSWATTGACAGGMTRMCYSYGSKTKWASCTATAATWYMSMMK
GATCTATTGACAGGATGCCTGTGGTTTAACCTATAATACCCAATG
GCGAGAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTAGCCG

ATHDGSTTTGACAGNAADDGHGDVDAGBNHTATAATGGGAGTAYT
CTAAGGTTTGACAGAAGTGGACTGAAGTCATATAATTGAAGTCCT
CAATTGCTTTGACATCCAAACTGACGAACATTATAATGAGGGGAC
GCATCAAGTTTGACAGTARAAGAGAAATGGGCTATAATGGGATTG
TGTCGTCTTTGACAGGGCGTGCAGCTAGCTTTATAATGTGAGTAT



consensus (3,1)

HGBVHBNTTGACAVVGAKBNTBTCMSHAHGTATAATNCGVABGTT

randoml7-4 3.825 CACCCCCCTGTTGACACCGATGAGTGCCGAAACTATAATGCGGAC
randoml7-5 4,384 CGGGCCCTTGACACGGAGTGTGTCCCCAAGTATAATTCTCAGGTT
randoml7-7 3.917 CCAGTAAGATTGACAGATATCCTTTCAGACTGTATAATAAGCGTG
randoml7-8 3.888 ATCTGTCTGTTTGACAACGCGCTTCTCACTGCGTATAATCCAAAC
consensus (3,2) AGTMWWSTTGACAWYTRMMGTYTYSGMRARRMTATAATYSAMKTT
randoml9-4 4,938 AAGTATACTTGACAATTGCAGTTTCGGCAAGAATATAATTGACTT
randoml9-5 4.819 TCATGTTGACATCTAACGTCTTCGAGAAGCTATAATCCAAGTTITT
consensus (3, 3) YBBBBGHTTGACAHWCGGBHMRMBRHABSCMVTATAATTDGABGT
randoml9-1 3.913 GCCTCTTGACAATCGGTTCGCTATAGGCAATATAATTACCCCCAC
randoml 9-6 4,172 CTTTGATTGACACACTGGAAACCAAATCCCCTATAATTAGGCGTC
randoml9-7 4,101 CTCGCGTTTGACATACATCCCGATGTATCCAGTATAATTGGATAT
randoml 9-8 4.012 ATGTCGGATTGACAATGGGGCAAAGGCCCGACCTATAATTTGAGG
5x15 2x15 2x16 3x1l6
18

15 2x18 2x18 3x16
2x18

18 2x19
4x17 4x17 2x19 4x19
nb, =5, nb, =2
consensus (0,0) SYGHGBYGTTGACAGBDTWHVTAGHCGACTATWATHHTCSDVRYA
randoml5-5 4.409 CGCGAGCCGTTGACAACTGATGTAGACGACTATAATTCCCCAGGT
randoml5-7 4.222 TTACTGCGTTGTTGACAGTATTCATGGTCGGCTATAATCTTCCGA
randoml 8-1 4.332 GTGGCGTTGACAGGGTAACTAACCGACTCGTATAATCGTCACAGT
consensus (0,1) KWMKSASGTTGACAYTRMCCTRAWMMSGRTATAATYRSYWASCYA
randoml5-3 4.667 TCTTACGGACGTTGACACTGCCCTGAAACGGATATAATCGGTTAG
randoml5-6 4.814 CCGTATCAGGTTGACATTAACCTAATCACGGTATAATTACCAACC
consensus (0, 2) CRWGTWKAYWKMYAAYGTCTTMRARRRSSTATAATCYMMRYKTTA
randoml5-2 4.670 CCCGAGTATATTGACAATGTCTTAAAAGGCGTATAATCTCCACGT
randoml 9-5 4.833 TCATGTTGACATCTAACGTCTTCGAGAAGCTATAATCCAAGTTTT
consensus (0, 3) AKAMTTGACARKYKMASYYYSSGYRWRRMTATAATTKASYYGNYA
randoml 9-3 4.507 GCGAGAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTAGCCG
randoml 9-4 4.384 AAGTATACTTGACAATTGCAGTTTCGGCAAGAATATAATTGACTT
consensus (0, 4) TBGATTGACAVDVTGGMWAHGGHHTVACCTATAATWHGVVGTSCV
randoml9-2 4.186 GATCTATTGACAGGATGCCTGTGGTTTAACCTATAATACCCAATG
randoml 9-6 4,348 CTTTGATTGACACACTGGAAACCAAATCCCCTATAATTAGGCGTC
randoml 9-8 4.183 ATGTCGGATTGACAATGGGGCAAAGGCCCGACCTATAATTTGAGG
consensus (1,0) CGACATAGTTGACACCTCAACCAAACTACTATAATGAAAGGCTCA
randoml 5-1 6.172 ACGACATAGTTGACACCTCAACCAAACTACTATAATGAAAGGCTC
consensus (1,2) CACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGGYTA
randoml8-3 5.866 GATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGG
consensus (1, 4) SCKYTTGACAWWCRKYYCGMTRTAKSCARTATAATTRSMYMYACG
randoml9-1 5.027 GCCTCTTGACAATCGGTTCGCTATAGGCAATATAATTACCCCCAC
randoml9-7 4.751 CTCGCGTTTGACATACATCCCGATGTATCCAGTATAATTGGATAT
consensus (2,0) YTTRCMTYTTGACASMKSAWKGWRSKMTWTATAATSMKMGTVYCA
randoml5-4 4,594 GGACTTTACATTTTGACAGCGCAAGGTACGATATATAATCCTAGT
randoml5-8 4,614 CTGACTTGCCTCTTGACACATGATTGAGGTCTTTATAATGAGCGT
consensus (2,1) CCCCTGTTGACACCGATGAGTGCCGAAACTATAATGCGGACSBYA
randoml 7-4 5.712 CACCCCCCTGTTGACACCGATGAGTGCCGAAACTATAATGCGGAC
consensus (2,2) GATAWTTGACAWKCYTKSKSRGWCTMSYKTATAATMRTSSRSSTA
randoml8-5 4.969 AGATAATTGACAATCCTGCTGAGTCTACCGTATAATCGTCCACCT
randoml8-6 4.834 GCGATATTTGACATGCTTTGGCGGACTCGTTTATAATAATGGGGG
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consensus (2, 3)

CAGGTTTGACACTGTAGCTAAAGTCGCAATATAATACCACCAARG

randoml8-2 5.987 ACCAGGTTTGACACTGTAGCTAAAGTCGCAATATAATACCACCAA
consensus (2, 4) DYCTSTTGACAGVTVCMHHTYHTGTBAHDTATAATGSMGTMCASG
randoml8-4 4.312 TCCTTCCTGTTGACAGGTACCTCTCATGGGACTTATAATGCCCTC
randomi8-7 4,310 TCAGTCTCTTGACAGCTCCACTTCTGATCATATATAATGGCGTAC
randoml8-8 4,181 ACTGACCTCTTGACAGACGCCAATTCTGTTCAGTATAATTCAGCC
consensus (3,0) RTWRSWTTGACAKMYAWMCTKWCRRACWKTATAATRAGSGKRCTA
randoml7-2 4.880 CAATTGCTTTGACATCCAAACTGACGAACATTATAATGAGGGGAC
randoml7-7 4.756 CCAGTAAGATTGACAGATATCCTTTCAGACTGTATAATAAGCGTG
consensus (3, 4) GGCTGTATTGACACGTTGATTCGGGTGTATATAATGGGGCTGCGG
randoml6-5 6.152 GGGCTGTATTGACACGTTGATTCGGGTGTATATAATGGGGCTGCG
consensus (4,0) TMADGTTTGACAGDAVDDGAVDVWWGBBHTATAATGGGAGTVYTA
randoml7-1 4.584 CTAAGGTTTGACAGAAGTGGACTGAAGTCATATAATTGAAGTCCT
randoml7-3 4.419 GCATCAAGTTTGACAGTAAAAGAGAAATGGGCTATAATGGGATTG
randoml7-6 4,308 TGTCGTCTTTGACAGGGCGTGCAGCTAGCTTTATAATGTGAGTAT
consensus (4,1) GKSYSYTTGACAMSGMGYKTSTCMCYRMGTATAATYCWMASGTTA
randoml7-5 5.093 CGGGCCCTTGACACGGAGTGTGTCCCCAAGTATAATTCTCAGGTT
randoml7-8 4.678 ATCTGTCTGTTTGACAACGCGCTTCTCACTGCGTATAATCCAAAC
consensus (4,2) DVGMCYDTTGACAVADBBVTVTAYGHTGTTATAATSSGBAHATWG
randoml 6~2 4.306 AAAGTCCTGTTGACAAAAGCATATCCTTTGGTATAATGCGTACAT
randoml 6-3 4.372 GAATCGACCATTGACAGATCGCTGTACGAGGTTATAATCCGGAAA
randoml 6-4 4.134 TGACGAGCCCTTTGACACCGTTGTCTATGCTCTTATAATCGGCAT
consensus (4, 3) GGATTACTTGACAGCGTCGTCTAAAGAAGTATAATTGAACGAAAG
randoml6-1 6.186 CGGATTACTTGACAGCGTCGTCTAAAGAAGTATAATTGAACGAAA
consensus (4, 4) GDVAGGGTTGACAWGSBTCYAGHGAWYHYTATAATTSHWTGGTRG
randomlé6-6 4,352 CCGACCGGCTTGACATTCCTCTAGTAAATTTTATAATTCAATGGT
randoml6-7 4,273 CCGGTGAGGGTTGACAAGGGTCCGGCGCTCACTATAATTGCACTG
randoml 6~-8 4.183 AGATAGAAGAGTTGACATGCTCCCAAAGATCCCTATAATGCTTTG
2x15 2x15 15 2x19 3x19

18 19

15 18 2x19

2x15 17 2x18 3x18

2x17 16

3x17 2x17 3x16 3x16

nb, = 6, nb, = 2

consensus (0,0) RMGKAYRTTGACAMTGYCYTRAAASGSRTATAATCKSYWMGTTAR
randoml5-2 4.964 CCCGAGTATATTGACAATGTCTTAAAAGGCGTATAATCTCCACGT
randoml15~3 4.837 TCTTACGGACGTTGACACTGCCCTGAAACGGATATAATCGGTTAG
consensus (0,1) YGMGYYGTTGACARYWKWYRTRGWCGRCTATAATYYYCCRRGTAR
randoml5-5 4,940 CGCGAGCCGTTGACAACTGATGTAGACGACTATAATTCCCCAGGT
randoml5-7 4.682 TTACTGCGTTGTTGACAGTATTCATGGTCGGCTATAATCTTCCGA
consensus (0, 2) GRYRKMGTTGACASSKYAACYAAMCKACTMKWATRAWMGKCWCAG
randoml5-1 4.880 ACGACATAGTTGACACCTCAACCAAACTACTATAATGARAGGCTC
randoml8-1 5.046 GTGGCGTTGACAGGGTAACTAACCGACTCGTATAATCGTCACAGT
consensus (0, 3) AATTGCTTTGACATCCAAACTGACGAACATTATAATGAGGGGACR
randoml7-2 6.203 CAATTGCTTTGACATCCAAACTGACGAACATTATAATGAGGGGAC

consensus (0, 4)
randoml7-6

6.229

GTCGTCTTTGACAGGGCGTGCAGCTAGCTTTATAATGTGAGTATT
TGTCGTCTTTGACAGGGCGTGCAGCTAGCTTTATAATGTGAGTAT
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consensus (0,5)
randoml7-1
randoml7-3

consensus (1,0)
randoml5-6

consensus (1,2)
randoml 8-2

consensus (1, 3)
randoml5-4

consensus (1,5)
randoml7-7

consensus (2,0)
randoml8-4

consensus (2,1)
randoml8-8

consensus (2,2)
randoml5-8

consensus (2, 3)
randoml8-3

consensus (2,4)
randoml7-8

consensus (2,5)
randoml 7-4
randoml7-5

consensus (3,0)
randoml 6-2

consensus (3,1)
randoml8-7

consensus (3,2)
randoml8-5

consensus (3, 3)
randoml8-6

consensus (3,5)
randoml 9-4
randoml9-5

consensus (4,0)
randoml6-3

consensus (4, 4)
randoml9-8

consensus (4,5)
randoml9-2

consensus (5,0)
randomlé6-1
randoml 6-4

consensus (5,1)
randoml6-5
randoml 6-6

consensus (5,2)
randoml6-7
randoml6-8

consensus (5, 3)
randoml9-3

5.341
5.064

5.931

6.275

5.602

6.071

6.129

6.050

5.605

6.173

5.877

4.819
5.278

6.109

6.212

6.219

6.339

4.950
4.833

5.930

6.169

6.203

5.096
4.690

4.664
4.541

4.823
4.689

6.384

MTMARGTTTGACAGWARWRGASWRAWGKSMTATAATKGRAKTSCT
CTAAGGTTTGACAGAAGTGGACTGAAGTCATATAATTGAAGTCCT
GCATCAAGTTTGACAGTAAAAGAGAAATGGGCTATAATGGGATTG

TATCAGGTTGACATTAACCTAATCACGGTATAATTACCAACCYMV
CCGTATCAGGTTGACATTAACCTAATCACGGTATAATTACCAACC

ACCAGGTTTGACACTGTAGCTAAAGTCGCAATATAATACCACCAA
ACCAGGTTTGACACTGTAGCTAAAGTCGCAATATAATACCACCAA

TTACATTTTGACAGCGCAAGGTACGATATATAATCCTAGTVYMAR
GGACTTTACATTTTGACAGCGCAAGGTACGATATATAATCCTAGT

AGTAAGATTGACAGATATCCTTTCAGACTGTATAATAAGCGTGTT
CCAGTAAGATTGACAGATATCCTTTCAGACTGTATAATAAGCGTG

CTTCCTGTTGACAGGTACCTCTCATGGGACTTATAATGCCCTCCG
TCCTTCCTGTTGACAGGTACCTCTCATGGGACTTATAATGCCCTC

TGACCTCTTGACAGACGCCAATTCTGTTCAGTATAATTCAGCCMM
ACTGACCTCTTGACAGACGCCAATTCTGTTCAGTATAATTCAGCC

TTGCCTCTTGACACATGATTGAGGTCTTTATAATGAGCGTGYVSV
CTGACTTGCCTCTTGACACATGATTGAGGTCTTTATAATGAGCGT

ATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGGV
GATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGG

TGTCTGTTTGACAACGCGCTTCTCACTGCGTATAATCCAAACGKT
ATCTGTCTGTTTGACAACGCGCTTCTCACTGCGTATAATCCAAAC

CSSSCYSTTGACACSGAKKRKKKCCSMAASTATAATKCKSASGTT
CACCCCCCTGTTGACACCGATGAGTGCCGAAACTATAATGCGGAC
CGGGCCCTTGACACGGAGTGTGTCCCCAAGTATAATTCTCAGGTT

AGTCCTGTTGACAAAAGCATATCCTTTGGTATAATGCGTACATCS
AAAGTCCTGTTGACAAAAGCATATCCTTTGGTATAATGCGTACAT

CAGTCTCTTGACAGCTCCACTTCTGATCATATATAATGGCGTACC
TCAGTCTCTTGACAGCTCCACTTCTGATCATATATAATGGCGTAC

NAGATAATTGACAATCCTGCTGAGTCTACCGTATAATCGTCCACC
AGATAATTGACAATCCTGCTGAGTCTACCGTATAATCGTCCACCT

GCGATATTTGACATGCTTTGGCGGACTCGTTTATAATAATGGGGG
GCGATATTTGACATGCTTTGGCGGACTCGTTTATAATAATGGGGG

AGTMWWSTTGACAWYTRMMGTYTYSGMRARRMTATAATYSAMKTT
AAGTATACTTGACAATTGCAGTTTCGGCAAGAATATAATTGACTT
TCATGTTGACATCTAACGTCTTCGAGAAGCTATAATCCAAGTTTT

TCGACCATTGACAGATCGCTGTACGAGGTTATAATCCGGAARHVS
GAATCGACCATTGACAGATCGCTGTACGAGGTTATAATCCGGAAA

TGTCGGATTGACAATGGGGCAAAGGCCCGACCTATAATTTGAGGT
ATGTCGGATTGACAATGGGGCAAAGGCCCGACCTATAATTTGAGG

HGATCTATTGACAGGATGCCTGTGGTTTAACCTATAATACCCAAT
GATCTATTGACAGGATGCCTGTGGTTTAACCTATAATACCCAATG

GRRYYMYTTGACASCGTYGTCTAWRSWMKTATAATYGRMMKAAAS
CGGATTACTTGACAGCGTCGTCTAAAGAAGTATAATTGAACGAAA
TGACGAGCCCTTTGACACCGTTGTCTATGCTCTTATAATCGGCAT

GRCYGKMTTGACAYKYYKMTWSKRRWKTWTATAATKSRRYKGYGG
GGGCTGTATTGACACGTTGATTCGGGTGTATATAATGGGGCTGCG
CCGACCGGCTTGACATTCCTCTAGTAAATTTTATAATTCAATGGT

RKRAGRGTTGACAWGSKYCCRRMGMTCMCTATAATKSYWYKGYSG
CCGGTGAGGGTTGACAAGGGTCCGGCGCTCACTATAATTGCACTG
AGATAGAAGAGTTGACATGCTCCCAAAGATCCCTATAATGCTTTG

GCGAGAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTAGCCG
GCGAGAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTAGCCG
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consensus (5, 4) BBGCCTCTTGACAATCGGTTCGCTATAGGCAATATAATTACCCCC
randoml9-1 6.082 GCCTCTTGACAATCGGTTCGCTATAGGCAATATAATTACCCCCAC
consensus (5,5) CYYKYGWTTGACAYACWKSMMRMYRWATCCMSTATAATTRGRYRT
randoml9-6 4.899 CTTTGATTGACACACTGGAAACCAAATCCCCTATAATTAGGCGTC
randoml9-7 5.056 CTCGCGTTTGACATACATCCCGATGTATCCAGTATAATTGGATAT
2x15 2x15 15 17 17 2x17

18
15 18 15 17
18 18 15 18 17 2x17
le6 18 18 18 2x19
16 19 19
2x16 2x16 2x16 19 19 2x19
nt% = 7,1“% = 2
consensus (0,0) TTRCMTYTTGACASMKSAWKGWRSKMTWTATAATSMKMGTRCTTT
randoml5-4 4,527 GGACTTTACATTTTGACAGCGCAAGGTACGATATATAATCCTAGT
randoml5-8 4.546 CTGACTTGCCTCTTGACACATGATTGAGGTCTTTATAATGAGCGT
consensus (0,1) TAAGATTGACAGATATCCTTTCAGACTGTATAATAAGCGTGYTTT
randoml7-7 5.803 CCAGTAAGATTGACAGATATCCTTTCAGACTGTATAATAAGCGTG
consensus (0, 2) SSCYSTTGACACSGAKKRKKKCCSMAASTATAATKCKSASGTTTT
randoml7-4 4.600 CACCCCCCTGTTGACACCGATGAGTGCCGAAACTATAATGCGGAC
randoml7-5 5.057 CGGGCCCTTGACACGGAGTGTGTCCCCAAGTATAATTCTCAGGTT
consensus (0, 3) TATACTTGACAATTGCAGTTTCGGCAAGAATATAATTGACTTTKT
randoml 9-4 5.934 AAGTATACTTGACAATTGCAGTTTCGGCAAGAATATAATTGACTT
consensus (0, 4) TCATGTTGACATCTAACGTCTTCGAGAAGCTATAATCCAAGTTTT
randoml9-5 6.433 TCATGTTGACATCTAACGTCTTCGAGAAGCTATAATCCAAGTTTT
consensus (0,5) CGCGTTTGACATACATCCCGATGTATCCAGTATAATTGGATATNY
randoml9-7 6.090 CTCGCGTTTGACATACATCCCGATGTATCCAGTATAATTGGATAT
consensus (0, 6) TYKGATTGACAMWSKGGMAAMSRMMY SMCCTATAATTWGRSGTCC
randoml9-6 5.188 CTTTGATTGACACACTGGAAACCAAATCCCCTATAATTAGGCGTC
randoml9-8 4.913 ATGTCGGATTGACAATGGGGCAAAGGCCCGACCTATAATTTGAGG
consensus (1,0) TTGCTTTGACATCCAAACTGACGAACATTATAATGAGGGGACTTT
randoml7-2 5.956 CAATTGCTTTGACATCCAAACTGACGAACATTATAATGAGGGGAC
consensus (1,2) TCTGTTTGACAACGCGCTTCTCACTGCGTATAATCCAAACGTKTT
randoml7-8 5.646 ATCTGTCTGTTTGACAACGCGCTTCTCACTGCGTATAATCCAAAC
consensus {(1,4) ATCTATTGACAGGATGCCTGTGGTTTAACCTATAATACCCAATGT
randoml 9-2 6.275 GATCTATTGACAGGATGCCTGTGGTTTAACCTATAATACCCAATG
consensus {1,6) GCCTCTTGACAATCGGTTCGCTATAGGCAATATAATTACCCCCAC
randoml9-1 6.402 GCCTCTTGACAATCGGTTCGCTATAGGCAATATAATTACCCCCAC
consensus (2,0) CAAGTTTGACAGTAAAAGAGAAATGGGCTATAATGGGATTGYTTT
randoml7-3 5.879 GCATCAAGTTTGACAGTAAAAGAGAAATGGGCTATAATGGGATTG
consensus {(2,1) CGTCTTTGACAGGGCGTGCAGCTAGCTTTATAATGTGAGTATKTT
randoml7-6 5.936 TGTCGTCTTTGACAGGGCGTGCAGCTAGCTTTATAATGTGAGTAT
consensus (2,2) GCTGTATTGACACGTTGATTCGGGTGTATATAATGGGGCTGCGTT

randoml 6-5 6.117 GGGCTGTATTGACACGTTGATTCGGGTGTATATAATGGGGCTGCG



consensus (2, 6)
randoml 9-3

consensus (3,0)
randoml7-1

consensus (3, 3)
randoml 6-3

consensus (3, 4)
randoml 6-2

consensus (3,5)
randoml8-8

consensus (3, 6)
randoml8-3

consensus (4,1)
randoml6-1

consensus (4, 2)
randoml 6-4

consensus (4, 3)
randoml8-7

consensus (4, 4)
randoml8-4

consensus (4, 6)
randoml5-6

consensus (5,0)
randoml 6-6

consensus {5, 4)
randoml8~1

consensus (5, 6)
randoml5-5

consensus (6,0)
randoml6-7
randoml 6-8

consensus (6,1)
randoml8-6

consensus (6,2)
randoml8-5

consensus (6,3)
randoml8-2

consensus (6,4)
randoml5-1

consensus (6,5)
randoml5-7

consensus (6, 6)
randoml5-2
randoml5-3

6.123

6.156

5.817

5.974

5.955

6.135

6.146

5.738

6.088

5.959

5.826

5.972

6.386

5.986

4.751
4.618

6.250

6.477

6.287

6.006

5.672

4.896
4.766

GAGAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTAGCCGAC
GCGAGAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTAGCCG

AAGGTTTGACAGAAGTGGACTGAAGTCATATAATTGAAGTCCTSY
CTAAGGTTTGACAGAAGTGGACTGAAGTCATATAATTGAAGTCCT

CGACCATTGACAGATCGCTGTACGAGGTTATAATCCGGAAAHSGT
GAATCGACCATTGACAGATCGCTGTACGAGGTTATAATCCGGAAA

GTCCTGTTGACAAAAGCATATCCTTTGGTATAATGCGTACATCAC
AAAGTCCTGTTGACAAAAGCATATCCTTTGGTATAATGCGTACAT

GACCTCTTGACAGACGCCAATTCTGTTCAGTATAATTCAGCCGAC
ACTGACCTCTTGACAGACGCCAATTCTGTTCAGTATAATTCAGCC

TCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGGAC
GATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGG

GATTACTTGACAGCGTCGTCTAAAGAAGTATAATTGAACGAAAGT
CGGATTACTTGACAGCGTCGTCTAAAGAAGTATAATTGAACGAAA

AGCCCTTTGACACCGTTGTCTATGCTCTTATAATCGGCATWAMGT
TGACGAGCCCTTTGACACCGTTGTCTATGCTCTTATAATCGGCAT

AGTCTCTTGACAGCTCCACTTCTGATCATATATAATGGCGTACGT
TCAGTCTCTTGACAGCTCCACTTCTGATCATATATAATGGCGTAC

TTCCTGTTGACAGGTACCTCTCATGGGACTTATAATGCCCTCMGT
TCCTTCCTGTTGACAGGTACCTCTCATGGGACTTATAATGCCCTC

ATCAGGTTGACATTAACCTAATCACGGTATAATTACCAACCBGGT
CCGTATCAGGTTGACATTAACCTAATCACGGTATAATTACCAACC

ACCGGCTTGACATTCCTCTAGTAAATTTTATAATTCAATGGTRGT
CCGACCGGCTTGACATTCCTCTAGTAAATTTTATAATTCAATGGT

GTGGCGTTGACAGGGTAACTAACCGACTCGTATAATCGTCACAGT
GTGGCGTTGACAGGGTAACTAACCGACTCGTATAATCGTCACAGT

GAGCCGTTGACAACTGATGTAGACGACTATAATTCCCCAGGTGGT
CGCGAGCCGTTGACAACTGATGTAGACGACTATAATTCCCCAGGT

KRAGRGTTGACAWGSKYCCRRMGMTCMCTATAATKSYWYKGKGGT
CCGGTGAGGGTTGACAAGGGTCCGGCGCTCACTATAATTGCACTG
AGATAGAAGAGTTGACATGCTCCCAAAGATCCCTATAATGCTTTG

CGATATTTGACATGCTTTGGCGGACTCGTTTATAATAATGGGGGT
GCGATATTTGACATGCTTTGGCGGACTCGTTTATAATAATGGGGG

AGATAATTGACAATCCTGCTGAGTCTACCGTATAATCGTCCACCT
AGATAATTGACAATCCTGCTGAGTCTACCGTATAATCGTCCACCT

CCAGGTTTGACACTGTAGCTAAAGTCGCAATATAATACCACCAAT
ACCAGGTTTGACACTGTAGCTAAAGTCGCAATATAATACCACCAA

ACATAGTTGACACCTCAACCAAACTACTATAATGAAAGGCTCART
ACGACATAGTTGACACCTCAACCAAACTACTATAATGAAAGGCTC

GCGTTGTTGACAGTATTCATGGTCGGCTATAATCTTCCGADYAGT
TTACTGCGTTGTTGACAGTATTCATGGTCGGCTATAATCTTCCGA

MGKAYRTTGACAMTGYCYTRAAASGSRTATAATCKSYWMGTTAGT
CCCGAGTATATTGACAATGTCTTAAAAGGCGTATAATCTCCACGT
TCTTACGGACGTTGACACTGCCCTGAAACGGATATAATCGGTTAG
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2x15 17 2x17 19 19 19 2x19
17 17 19 19
17 17 16 19
17 16 16 18 18

16 16 18 18 15
16 18 15
2x16 18 18 18 15 15 2x15
nt% = 3,'“% = 3
consensus (0,0) CBKWGSAYGTTGACACYKSMHTGAAASSDNTATAATBMSCGWSBY
randoml5-1 3.517 ACGACATAGTTGACACCTCAACCAAACTACTATAATGAAAGGCTC
randoml5-2 3.670 CCCGAGTATATTGACAATGTCTTAAAAGGCGTATAATCTCCACGT
randoml5-~3 3.555 TCTTACGGACGTTGACACTGCCCTGAAACGGATATAATCGGTTAG
randoml5-4 3.322 GGACTTTACATTTTGACAGCGCAAGGTACGATATATAATCCTAGT
randoml5-5 3.633 CGCGAGCCGTTGACAACTGATGTAGACGACTATAATTCCCCAGGT
randoml5-6 3.492 CCGTATCAGGTTGACATTAACCTAATCACGGTATAATTACCAACC
randoml5-8 3.421 CTGACTTGCCTCTTGACACATGATTGAGGTCTTTATAATGAGCGT
consensus (0,1) MTVMGABDHTTGACANBBYHGCTNAGGHTVVHDTATAATAGYGBA
randoml8-2 3.613 ACCAGGTTTGACACTGTAGCTAAAGTCGCAATATAATACCACCAA
randoml 8-5 3.872 AGATAATTGACAATCCTGCTGAGTCTACCGTATAATCGTCCACCT
randoml8-6 3.705 GCGATATTTGACATGCTTTGGCGGACTCGTTTATAATAATGGGGG
randoml8-7 3.774 TCAGTCTCTTGACAGCTCCACTTCTGATCATATATAATGGCGTAC
consensus (0,2) MSGDSHSSNTTGACASSGBKSTSKADGNNNTTATAATBGGRHKGH
randomlé-1 3.599 CGGATTACTTGACAGCGTCGTCTAAAGAAGTATAATTGAACGAAA
randoml6-3 3.478 GAATCGACCATTGACAGATCGCTGTACGAGGTTATAATCCGGAAA
randomlé6-4 3.695 TGACGAGCCCTTTGACACCGTTGTCTATGCTCTTATAATCGGCAT
randoml&-5 3.596 GGGCTGTATTGACACGTTGATTCGGGTGTATATAATGGGGCTGCG
randoml 6-6 3.676 CCGACCGGCTTGACATTCCTCTAGTAAATTTTATAATTCAATGGT
randoml 6-7 3.560 CCGGTGAGGGTTGACAAGGGTCCGGCGCTCACTATAATTGCACTG
consensus (1,0) WCYGTGBTGTTGACAGGDWHMHTDVHYGGSWMTWATAWT SSBMWC
randoml5-7 4,108 TTACTGCGTTGTTGACAGTATTCATGGTCGGCTATAATCTTCCGA
randoml8-1 4.142 GTGGCGTTGACAGGGTAACTAACCGACTCGTATAATCGTCACAGT
randoml8-4 4.303 TCCTTCCTGTTGACAGGTACCTCTCATGGGACTTATAATGCCCTC
consensus (1,2) AWAGWMSWGTTGACAWRMKCMYAWMSWTYSSTATAATGCKTWSAT
randoml 6-2 5.069 AAAGTCCTGTTGACAAAAGCATATCCTTTGGTATAATGCGTACAT
randoml 6-8 4.817 AGATAGAAGAGTTGACATGCTCCCAAAGATCCCTATAATGCTTTG
consensus (2,0) NCMKYVNSTTTGACAGVGADNGWBDCAVRVHBTATAATGVGARBG
randoml7-1 3.292 CTAAGGTTTGACAGAAGTGGACTGAAGTCATATAATTGAAGTCCT
randoml7-2 3.501 CAATTGCTTTGACATCCAAACTGACGAACATTATAATGAGGGGAC
randoml7-3 3.580 GCATCAAGTTTGACAGTAAAAGAGAAATGGGCTATAATGGGATTG
randoml7-4 3.385 CACCCCCCTGTTGACACCGATGAGTGCCGAAACTATAATGCGGAC
randoml7-5 3.361 CGGGCCCTTGACACGGAGTGTGTCCCCAAGTATAATTCTCAGGTT
randoml7-6 3.469 TGTCGTCTTTGACAGGGCGTGCAGCTAGCTTTATAATGTGAGTAT
randoml7-7 3.692 CCAGTAAGATTGACAGATATCCTTTCAGACTGTATAATAAGCGTG
randoml17-8 3.476 ATCTGTCTGTTTGACAACGCGCTTCTCACTGCGTATAATCCAAAC
consensus (2,1) ASWKHMMTBTTGACAGHHGASAHYTYTGHDVAGTWWWAWTYAGHG
randoml 8--3 4,030 GATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGG
randoml8-8 4.333 ACTGACCTCTTGACAGACGCCAATTCTGTTCAGTATAATTCAGCC
randoml 9-5 3.489 TCATGTTGACATCTAACGTCTTCGAGAAGCTATAATCCAAGTTTT
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consensus (2,2)

randoml9-1 3.417
randoml9-2 3.388
randoml9-3 3.381
randoml 9-4 3.410
randoml9~6 3.484
randoml9-7 3.372
random19-8 3.702
7x15 4x18 6x16
15 2x16
2x18
8x17 2x18 %19

19
nb, =4, nb, =3
consensus (0, 0)
randoml6-5 3.900
randomlé-6 4.047
randoml6-7 4,165
randoml6-8 3.939
consensus (0,1)
randomlé6-1 5.082
randoml6-4 4.967
consensus (0, 2)
randoml6-2 5.164
randoml 6-3 5.042
consensus (0, 3)
randoml9-1 3.536
randoml9-2 3.646
randoml9-3 3.756
randoml9%-6 3.779
randoml9-8 3.979
consensus (1,0)
randoml8-2 3.985
randoml8-5 4,172
randoml8-6 4.109
consensus (1,1)
randoml8-7 6.092
consensus (1,3)
randoml 9-4 4.152
random19-5 3.922
randoml 9-7 3.934
consensus {2,0)
randoml5~1 4.455
randoml5-4 3.997
randoml8-1 4,203
consensus (2,1)
randoml8-4 5.099
randoml8-8 5.115
consensus (2, 2)
randoml18-3 6.067
consensus (2,3)
randoml7-2 4.360
randoml7-5 4.073
randoml7-7 4.566
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AANSKHBDATTGACARDCKGNCHGHBGKHKNMMCTATAATTDVVY
GCCTCTTGACAATCGGTTCGCTATAGGCAATATAATTACCCCCAC
GATCTATTGACAGGATGCCTGTGGTTTAACCTATAATACCCAATG
GCGAGAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTAGCCG
AAGTATACTTGACAATTGCAGTTTCGGCAAGAATATAATTGACTT
CTTTGATTGACACACTGGAAACCAAATCCCCTATAATTAGGCGTC
CTCGCGTTTGACATACATCCCGATGTATCCAGTATAATTGGATAT
ATGTCGGATTGACAATGGGGCAAAGGCCCGACCTATAATTTGAGG

MBGGVHGGGTTGACAHGBBBCYAGNGATBHHTATAATKSNDYKGY
GGGCTGTATTGACACGTTGATTCGGGTGTATATAATGGGGCTGCG
CCGACCGGCTTGACATTCCTCTAGTAAATTTTATAATTCAATGGT
CCGGTGAGGGTTGACAAGGGTCCGGCGCTCACTATAATTGCACTG
AGATAGAAGAGTTGACATGCTCCCAAAGATCCCTATAATGCTTTG

ACGRRYYMYTTGACASCGTYGTCTAWRSWMKTATAATYGRMMKAA
CGGATTACTTGACAGCGTCGTCTAAAGAAGTATAATTGAACGAAA
TGACGAGCCCTTTGACACCGTTGTCTATGCTCTTATAATCGGCAT

AAWSKMCYRTTGACARAWS SMTRTMCKWKGKTATAATSCGKAMAT
AAAGTCCTGTTGACAAAAGCATATCCTTTGGTATAATGCGTACAT
GAATCGACCATTGACAGATCGCTGTACGAGGTTATAATCCGGARA

AAKSKHBKATTGACARKCKGGCHRCGRNHBGMCCTATAATTHSSC
GCCTCTTGACAATCGGTTCGCTATAGGCAATATAATTACCCCCAC
GATCTATTGACAGGATGCCTGTGGTTTAACCTATAATACCCAATG
GCGAGAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTAGCCG
CTTTGATTGACACACTGGAAACCAAATCCCCTATAATTAGGCGTC
ATGTCGGATTGACAATGGGGCAAAGGCCCGACCTATAATTTGAGG

MYRMGATAWTTGACAHTSTWGSTVAGDYTVSHDTATAATAVTIVSV
ACCAGGTTTGACACTGTAGCTAAAGTCGCAATATAATACCACCAA
AGATAATTGACAATCCTGCTGAGTCTACCGTATAATCGTCCACCT
GCGATATTTGACATGCTTTGGCGGACTCGTTTATAATAATGGGGG

ATCAGTCTCTTGACAGCTCCACTTCTGATCATATATAATGGCGTA
TCAGTCTCTTGACAGCTCCACTTCTGATCATATATAATGGCGTAC

AAMKTVHDBTTGACAWHTAHMGTBWTGGADAVAVTATAATTGAAT
AAGTATACTTGACAATTGCAGTTTCGGCAAGAATATAATTGACTT
TCATGTTGACATCTAACGTCTTCGAGAAGCTATAATCCAAGTTTT
CTCGCGTTTGACATACATCCCGATGTATCCAGTATAATTGGATAT

MYKDHVDHGTTGACAGSGYAASBWAMSDWMTATWATVAWAGTCWC
ACGACATAGTTGACACCTCAACCAAACTACTATAATGAAAGGCTC
GGACTTTACATTTTGACAGCGCAAGGTACGATATATAATCCTAGT
GTGGCGTTGACAGGGTAACTAACCGACTCGTATAATCGTCACAGT

WCYKWCCTSTTGACAGRYRCCWMTYMTGKKMMKTATAATKCMSYC
TCCTTCCTGTTGACAGGTACCTCTCATGGGACTTATAATGCCCTC
ACTGACCTCTTGACAGACGCCAATTCTGTTCAGTATAATTCAGCC

HGATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTG
GATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGG

CCAGTDVSHTTGACABVBADHSTGWCVVAMWGTATAATDAGSGGG
CAATTGCTTTGACATCCAAACTGACGAACATTATAATGAGGGGAC
CGGGCCCTTGACACGGAGTGTGTCCCCAAGTATAATTCTCAGGTT
CCAGTAAGATTGACAGATATCCTTTCAGACTGTATAATAAGCGTG



consensus (3,0)

HBNNGBMYGTTGACAMHKBMTTGARABGNNTATAATBNSCNHGKT

randoml5-2 4.085 CCCGAGTATATTGACAATGTCTTAAAAGGCGTATAATCTCCACGT
randoml15-3 3.981 TCTTACGGACGTTGACACTGCCCTGAAACGGATATAATCGGTTAG
randoml5-5 4,164 CGCGAGCCGTTGACAACTGATGTAGACGACTATAATTCCCCAGGT
randoml5-8 3.702 CTGACTTGCCTCTTGACACATGATTGAGGTCTTTATAATGAGCGT
consensus (3,1) MSTRYSWKGTTGACAKTAWYCWWRKYMSGSTATAATYWYCMRMCC
randoml5-6 4.725 CCGTATCAGGTTGACATTAACCTAATCACGGTATAATTACCAACC
randoml5-7 4,605 TTACTGCGTTGTTGACAGTATTCATGGTCGGCTATAATCTTCCGA
consensus (3, 2) WCYSYCYKKTTGACAMCGMKSWKYKCMSWRMSTATAATSCRRACV
randoml7-4 4,734 CACCCCCCTGTTGACACCGATGAGTGCCGAAACTATAATGCGGAC
randoml7-8 4,752 ATCTGTCTGTTTGACAACGCGCTTCTCACTGCGTATAATCCAAAC
consensus (3, 3) GYVTMADGTTTGACAGDAVDDGAVDVWWGBBHTATAATGGGAGTV
randoml7-1 4,410 CTAAGGTTTGACAGAAGTGGACTGAAGTCATATAATTGAAGTCCT
randoml7-3 4.680 GCATCAAGTTTGACAGTAAAAGAGAAATGGGCTATAATGGGATTG
randoml7-6 4,356 TGTCGTCTTTGACAGGGCGTGCAGCTAGCTTTATAATGTGAGTAT
4x16 2x16 2x16 5x19

3x18 18 3x19

2x15 2x18 18 3x17

18

4x15 2x15 2x17 3x17

nb, =5, nb, =

consensus (0, 0) GVGHSYWTTGACASVTITGVTBTABGHGBWTATAATSGGGAWRCGG
randoml6-3 4.236 GAATCGACCATTGACAGATCGCTGTACGAGGTTATAATCCGGAAA
randoml 6-4 4.171 TGACGAGCCCTTTGACACCGTTGTCTATGCTCTTATAATCGGCAT
randoml6-5 4.390 GGGCTGTATTGACACGTTGATTCGGGTGTATATAATGGGGCTGCG
consensus (0,1) GRMYKRCTTGACAKYSYYSTMKWAARWWKTATAATTSAAYGRWAG
randomlé6-1 4.879 CGGATTACTTGACAGCGTCGTCTAAAGAAGTATAATTGAACGAAA
randoml6-6 4.757 CCGACCGGCTTGACATTCCTCTAGTAAATTTTATAATTCAATGGT
consensus (0, 2) AGWMSWGTTGACAWRMKCMYAWMSWTYSSTATAATGCKTWSATAY
randoml 6-2 4.880 AAAGTCCTGTTGACAAAAGCATATCCTTTGGTATAATGCGTACAT
randoml6-8 4,612 AGATAGAAGAGTTGACATGCTCCCAAAGATCCCTATAATGCTTTG
consensus (0, 3) CTSSCKYTTGACAWWCRKYYCGMTRTAKSCARTATAATTRSMYMY
randoml 9-1 4.816 GCCTCTTGACAATCGGTTCGCTATAGGCAATATAATTACCCCCAC
randoml9-7 5.100 CTCGCGTTTGACATACATCCCGATGTATCCAGTATAATTGGATAT
consensus (0, 4) KSTHGGATTGACAVDSTGGMAAMGVVHBBASCTATAATTWGGSGK
randoml 9-3 4.309 GCGAGAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTAGCCG
randoml9-6 4.448 CTTTGATTGACACACTGGAAACCAAATCCCCTATAATTAGGCGTC
randoml9-8 4.408 ATGTCGGATTGACAATGGGGCAAAGGCCCGACCTATAATTTGAGG
consensus (1,0) GYGAKRKTTGACAWGSKTYSGSSGMYYMSTWTAWWWKMAYKGGGG
randoml 6-7 4,444 CCGGTGAGGGTTGACAAGGGTCCGGCGCTCACTATAATTGCACTG
randoml8-6 4,872 GCGATATTTGACATGCTTTGGCGGACTCGTTTATAATAATGGGGG
consensus (1, 4) YGATCTATTGACAGGATGCCTGTGGTTTAACCTATAATACCCAAT
randoml 9-2 6.159 GATCTATTGACAGGATGCCTGTGGTTTAACCTATAATACCCAATG
consensus (2,0) AMSAKRWTTGACAMTSYWGCTRARKYYRCMRTATAATMSYMCMMM
randoml8-2 4.882 ACCAGGTTTGACACTGTAGCTAAAGTCGCAATATAATACCACCAA
randoml8-5 4,763 AGATAATTGACAATCCTGCTGAGTCTACCGTATAATCGTCCACCT
consensus (2,2) CWKYCTSTTGACAGSTMCMYYTCWKRKSAYWTATAATGSCSTMCT
randoml8-4 4,971 TCCTTCCTGTTGACAGGTACCTCTCATGGGACTTATAATGCCCTC
randoml8-7 5.120 TCAGTCTCTTGACAGCTCCACTTCTGATCATATATAATGGCGTAC

consensus (2, 3)
randoml9-5

6.003

HGTCATGTTGACATCTAACGTCTTCGAGAAGCTATAATCCAAGTT
TCATGTTGACATCTAACGTCTTCGAGAAGCTATAATCCAAGTTTT
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consensus (2,4)
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HGTVTVYTTGACAABGVGHGTBTCVSYAAGWATAWWHYWVASKTT

randoml7-5 4.584 CGGGCCCTTGACACGGAGTGTGTCCCCAAGTATAATTCTCAGGTT
randoml7-8 4,121 ATCTGTCTGTTTGACAACGCGCTTCTCACTGCGTATAATCCAAAC
randoml 9-4 4,307 AAGTATACTTGACAATTGCAGTTTCGGCAAGAATATAATTGACTT
consensus (3,0) GRYRKMGTTGACASSKYAACYAAMCKACTMKWATRAWMGKCWCAG
randoml5-1 4.8717 ACGACATAGTTGACACCTCAACCAAACTACTATAATGAAAGGCTC
randoml8-1 5.038 GTGGCGTTGACAGGGTAACTAACCGACTCGTATAATCGTCACAGT
consensus (3,2) WKMMCKYTTGACAGWMGMSAMYTCTSYWSRGTATAATTYAGYSGT
randoml8-3 5.021 GATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGG
randoml8-8 4,904 ACTGACCTCTTGACAGACGCCAATTCTGTTCAGTATAATTCAGCC
consensus (3, 4) MSYMMKRTTGACASMKATSMKTKCMGAMWSTATAATRMGSRYGTT
randoml7-4 4.516 CACCCCCCTGTTGACACCGATGAGTGCCGAAACTATAATGCGGAC
randoml7-7 4.617 CCAGTAAGATTGACAGATATCCTTTCAGACTGTATAATAAGCGTG
consensus (4,0) NGGGHYGTTGACAATGBHYDDARACGGVTATAATCBBCHAGKTAG
randoml5-2 3.937 CCCGAGTATATTGACAATGTCTTAAAAGGCGTATAATCTCCACGT
randoml5-3 3.944 TCTTACGGACGTTGACACTGCCCTGAAACGGATATAATCGGTTAG
randoml5-5 4.094 CGCGAGCCGTTGACAACTGATGTAGACGACTATAATTCCCCAGGT
randoml5-7 3.814 TTACTGCGTTGTTGACAGTATTCATGGTCGGCTATAATCTTCCGA
consensus (4,1) TATCAGGTTGACATTAACCTAATCACGGTATAATTACCAACCCRG
randoml5-6 5.867 CCGTATCAGGTTGACATTAACCTAATCACGGTATAATTACCAACC
consensus (4,2) TTRCMTYTTGACASMKSAWKGWRSKMTWTATAATSMKMGTGYSST
randoml5-4 4,520 GGACTTTACATTTTGACAGCGCAAGGTACGATATATAATCCTAGT
randoml5-8 4,535 CTGACTTGCCTCTTGACACATGATTGAGGTCTTTATAATGAGCGT
consensus (4, 3) CTAAGGTTTGACAGAAGTGGACTGAAGTCATATAATTGAAGTCCT
randoml7-1 6.305 CTAAGGTTTGACAGAAGTGGACTGAAGTCATATAATTGAAGTCCT
consensus (4, 4) AWYDDSTTTGACAGBVAAWGHGAMDWGSDTTATAATGDGAGTAYT
randoml7-2 4.336 CAATTGCTTTGACATCCAAACTGACGAACATTATAATGAGGGGAC
randoml7-3 4.273 GCATCAAGTTTGACAGTAAAAGAGAAATGGGCTATAATGGGATTG
randoml7-6 4.407 TGTCGTCTTTGACAGGGCGTGCAGCTAGCTTTATAATGTGAGTAT
3x1l6 2x16 2x16 2x19 3x19
16 19
18
2x18 2x18 2x17

19
15 2x18 2x17
18
4x15 15 2x15 3x17
nb, = 6, nb; =3
consensus (0, 0) DAGBABGT TGACAHTGHCYTAAWAVGGGTATAATYDSYWAGYYAG
randoml5-2 4.437 CCCGAGTATATTGACAATGTCTTAAAAGGCGTATAATCTCCACGT
randoml5-3 4,271 TCTTACGGACGTTGACACTGCCCTGAAACGGATATAATCGGTTAG
randoml5-6 4.306 CCGTATCAGGTTGACATTAACCTAATCACGGTATAATTACCAACC
consensus (0,1) YGMGYYGTTGACARYWKWYRTRGWCGRCTATAATYYYCCRRGTAG
randoml5-5 4,951 CGCGAGCCGTTGACAACTGATGTAGACGACTATAATTCCCCAGGT
randoml5-7 4.683 TTACTGCGTTGTTGACAGTATTCATGGTCGGCTATAATCTTCCGA
consensus (0, 3) MGMCCWT TGACASMKYKSTSTAYGMKSTTATAATCSGSAWAWWGG
randoml 6-3 4.819 GAATCGACCATTGACAGATCGCTGTACGAGGTTATAATCCGGAAA
randoml6-4 4.688 TGACGAGCCCTTTGACACCGTTGTCTATGCTCTTATAATCGGCAT
consensus (0, 4) GATTACTTGACAGCGTCGTCTAAAGAAGTATAATTGAACGAAAGG
randoml 6-1 6.070 CGGATTACTTGACAGCGTCGTCTAAAGAAGTATAATTGAACGAAA



consensus (0,5)
randoml6~7
randoml6-8

consensus (1,0)
randoml5-1

consensus (1,2)
randoml7-5

consensus (1,3)
randoml6-2

consensus (1,5)
randoml6-6

consensus (2,0)
randoml5-4
randoml5-8

consensus (2, 3)
randoml7-8

consensus (2,95)
randoml 6~5
randoml8-8

consensus (3,0)
randoml7-7

consensus (3,1)
randoml7-4

consensus (3,2)
randoml9-5

consensus (3,3)
randoml 9-4

consensus (3,5)
randomi8-4
randoml8-7

consensus (4,0)
randoml7-2
randoml7-6

consensus (4,2)
randoml 9-2

consensus (4, 3)
randoml9-3

consensus (4,5)
randoml8-1

consensus (5,0)
randoml7-1
randoml7-3

consensus (5,2)
randoml9-6
randoml9-7
randoml9-8

consensus (5, 3)
randoml9-1

consensus (5, 4)
randoml8-2
randoml8-~3

consensus (5,5)
randoml8-5
randoml 8-6

4.747
4.618

6.045

6.072

5.949

5.936

4.524
4.541

5.664

4.958
4.541

5.814

5.604

6.084

5.656

4.675
4.826

4.747
4.761

5.902

5.743

6.065

5.119
4.840

4.452
4.122
4.082

6.054

4.585
4.461

4.824
4.687

KRAGRGTTGACAWGSKYCCRRMGMTCMCTATAATKSYWYKGWAGG
CCGGTGAGGGTTGACAAGGGTCCGGCGCTCACTATAATTGCACTG
AGATAGAAGAGTTGACATGCTCCCAAAGATCCCTATAATGCTTTG

GACATAGTTGACACCTCAACCAAACTACTATAATGAAAGGCTCAG
ACGACATAGTTGACACCTCAACCAAACTACTATAATGAAAGGCTC

GGCCCTTGACACGGAGTGTGTCCCCAAGTATAATTCTCAGGTTAG
CGGGCCCTTGACACGGAGTGTGTCCCCAAGTATAATTCTCAGGTT

GTCCTGTTGACAAAAGCATATCCTTTGGTATAATGCGTACATWGG
AAAGTCCTGTTGACAAAAGCATATCCTTTGGTATAATGCGTACAT

ACCGGCTTGACATTCCTCTAGTAAATTTTATAATTCAATGGTRGG
CCGACCGGCTTGACATTCCTCTAGTAAATTTTATAATTCAATGGT

TTRCMTYTTGACASMKSAWKGWRSKMTWTATAATSMKMGTSTCAG
GGACTTTACATTTTGACAGCGCAAGGTACGATATATAATCCTAGT
CTGACTTGCCTCTTGACACATGATTGAGGTCTTTATAATGAGCGT

TCTGTTTGACAACGCGCTTCTCACTGCGTATAATCCAAACDTTGG
ATCTGTCTGTTTGACAACGCGCTTCTCACTGCGTATAATCCAAAC

SCTSTWKWSASACGYYRATTCKGKTSWRTATAATKSRGCYGCGGG
GGGCTGTATTGACACGTTGATTCGGGTGTATATAATGGGGCTGCG
ACTGACCTCTTGACAGACGCCAATTCTGTTCAGTATAATTCAGCC

TAAGATTGACAGATATCCTTTCAGACTGTATAATAAGCGTGYTAG
CCAGTAAGATTGACAGATATCCTTTCAGACTGTATAATAAGCGTG

CCCTGTTGACACCGATGAGTGCCGAAACTATAATGCGGACWBTAG
CACCCCCCTGTTGACACCGATGAGTGCCGAAACTATAATGCGGAC

ATGTTGACATCTAACGTCTTCGAGAAGCTATAATCCAAGTTTTAG
TCATGTTGACATCTAACGTCTTCGAGAAGCTATAATCCAAGTTTT

TACTTGACAATTGCAGTTTCGGCAAGAATATAATTGACTTTKTAG
AAGTATACTTGACAATTGCAGTTTCGGCAAGAATATAATTGACTT

YCTSTTGACAGSTMCMYYTCWKRKSAYWTATAATGSCSTMCSKRG
TCCTTCCTGTTGACAGGTACCTCTCATGGGACTTATAATGCCCTC
TCAGTCTCTTGACAGCTCCACTTCTGATCATATATAATGGCGTAC

YKKCTTTGACAKSSMRWSYRRCKARCWTTATAATGWGRGKAYTAG
CAATTGCTTTGACATCCARACTGACGAACATTATAATGAGGGGAC
TGTCGTCTTTGACAGGGCGTGCAGCTAGCTTTATAATGTGAGTAT

CTATTGACAGGATGCCTGTGGTTTAACCTATAATACCCAATGYAG
GATCTATTGACAGGATGCCTGTGGTTTAACCTATAATACCCAATG

GAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTAGCCGAYAG
GCGAGAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTAGCCG

GGCGTTGACAGGGTAACTAACCGACTCGTATAATCGTCACAGTRG
GTGGCGTTGACAGGGTAACTAACCGACTCGTATAATCGTCACAGT

MARGTTTGACAGWARWRGASWRAWGKSMTATAATKGRAKTSCTAG
CTAAGGTTTGACAGAAGTGGACTGAAGTCATATAATTGAAGTCCT
GCATCAAGTTTGACAGTAAAAGAGAAATGGGCTATAATGGGATTG

BGWTTGACAHWSDGGMAAABGHATSMMSTATAATTDGABGTCCAG
CTTTGATTGACACACTGGAAACCAAATCCCCTATAATTAGGCGTC
CPTCGCGTTTGACATACATCCCGATGTATCCAGTATAATTGGATAT
ATGTCGGATTGACAATGGGGCAAAGGCCCGACCTATAATTTGAGG

CTCTTGACAATCGGTTCGCTATAGGCAATATAATTACCCCCACAG
GCCTCTTGACAATCGGTTCGCTATAGGCAATATAATTACCCCCAC

ASGTTTGACASTRKAGMYMWMKYCRSRRTATAATWYMRYSRATAG
ACCAGGTTTGACACTGTAGCTAAAGTCGCAATATAATACCACCAA
GATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGG

ATAWTTGACAWKCYTKSKSRGWCTMSYKTATAATMRTSSRSSTAG
AGATAATTGACAATCCTGCTGAGTCTACCGTATAATCGTCCACCT
GCGATATTTGACATGCTTTGGCGGACTCGTTTATAATAATGGGGG
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3x15 2x15 2x16 16 2x16
15 17 16 16
2x15 17 16

18
17 17 19 19 2x18
2x17 19 19 18
2x17 3x19 19 2x18 2x18
nbs = 7, nbi = 3
consensus (0,0) CCSGWSMGGSTTCGACAWKSSTCYRGYRMWYWYTATAATTSMAYKG
randoml 6-6 4.902 CCGACCGGCTTGACATTCCTCTAGTAAATTTTATAATTCAATGGT
randomlé-7 5.059 CCGGTGAGGGTTGACAAGGGTCCGGCGCTCACTATAATTGCACTG
consensus (0,1) SMCGGATTACTTGACAGCGTCGTCTAAAGAAGTATAATTGAACGA
randoml 6-1 6.103 CGGATTACTTGACAGCGTCGTCTAAAGAAGTATAATTGAACGAAA
consensus (0, 2) GAGGGCTGTATTGACACGTTGATTCGGGTGTATATAATGGGGCTG
randoml6-5 6.097 GGGCTGTATTGACACGTTGATTCGGGTGTATATAATGGGGCTGCG
consensus (0, 3) GAMKMGMCCWTTGACASMKYKSTSTAYGMKSTTATAATCSGSAWA
randoml 6-3 5.262 GAATCGACCATTGACAGATCGCTGTACGAGGTTATAATCCGGAAA
randoml 6-4 5.134 TGACGAGCCCTTTGACACCGTTGTCTATGCTCTTATAATCGGCAT
consensus (0, 4) GAANNGCCTCTTGACAATCGGTTCGCTATAGGCAATATAATTACC
randoml 9~1 5.679 GCCTCTTGACAATCGGTTCGCTATAGGCAATATAATTACCCCCAC
consensus (0,5) GAACTCGCGTTTGACATACATCCCGATGTATCCAGTATAATTGGA
randoml 9-7 5.978 CTCGCGTTTGACATACATCCCGATGTATCCAGTATAATTGGATAT
consensus (0, 6) GAATSTYKGATTGACAMWSKGGMAAMSRMMY SMCCTATAATTWGR
randoml9-6 4.753 CTTTGATTGACACACTGGAAACCAAATCCCCTATAATTAGGCGTC
randoml9-8 5.057 ATGTCGGATTGACAATGGGGCAAAGGCCCGACCTATAATTTGAGG
consensus (1,0) GATAGAAGAGTTGACATGCTCCCAAAGATCCCTATAATGCTTTGG
randomlé—-8 6.258 AGATAGAAGAGTTGACATGCTCCCAAAGATCCCTATAATGCTTTG
consensus (1, 3) GAAAGTCCTGTTGACAAAAGCATATCCTTTGGTATAATGCGTACA
randoml6-2 6.237 AAAGTCCTGTTGACAAAAGCATATCCTTTGGTATAATGCGTACAT
consensus {1,6) CAANGATCTATTGACAGGATGCCTGTGGTTTAACCTATAATACCC
randoml 9-2 5.791 GATCTATTGACAGGATGCCTGTGGTTTAACCTATAATACCCAATG
consensus (2,0) GATGCGATATTTGACATGCTTTGGCGGACTCGTTTATAATAATGG
randoml 8—~6 6.057 GCGATATTTGACATGCTTTGGCGGACTCGTTTATAATAATGGGGG
consensus (2, 3) GWTCAGTCTCTTGACAGCTCCACTTCTGATCATATATAATGGCGT
randoml8-7 6.141 TCAGTCTCTTGACAGCTCCACTTCTGATCATATATAATGGCGTAC
consensus (2,5) GAAGCGAGAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTAG
randoml 9-3 5.951 GCGAGAATTGACAGGCTAACCCCGCGTGTAGCTATAATTTAGCCG
consensus (2, 6) MHAAGTMWWSTTGACAWY TRMMGTYTYSGMRARRMTATAATYSAM
randoml 9-4 4.884 AAGTATACTTGACAATTGCAGTTTCGGCAAGAATATAATTGACTT
randoml9-5 4.467 TCATGTTGACATCTAACGTCTTCGAGAAGCTATAATCCAAGTTTT
consensus (3,0) GAGAAGATAATTGACAATCCTGCTGAGTCTACCGTATAATCGTCC
randoml8-5 5.862 AGATAATTGACAATCCTGCTGAGTCTACCGTATAATCGTCCACCT
consensus (3,2) GACTGACCTCTTGACAGACGCCAATTCTGTTCAGTATAATTCAGC
randoml8-8 6.273 ACTGACCTCTITGACAGACGCCAATTCTGTTCAGTATAATTCAGCC



consensus (3, 3)
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STCCTTCCTGTTGACAGGTACCTCTCATGGGACTTATAATGCCCT

randoml8-4 6.256 TCCTTCCTGTTGACAGGTACCTCTCATGGGACTTATAATGCCCTC
consensus (3, 6) AYMCGGGCCCTTGACACGGAGTGTGTCCCCAAGTATAATTCTCAG
randoml7~5 5.925 CGGGCCCTTGACACGGAGTGTGTCCCCAAGTATAATTCTCAGGTT
consensus (4,0) CCGACCAGGTTTGACACTGTAGCTAAAGTCGCAATATAATACCAC
randoml8-2 5.983 ACCAGGTTTGACACTGTAGCTAAAGTCGCAATATAATACCACCAA
consensus (4,1) CMGATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGT
randoml8-3 6.108 GATCACGTTTGACAGTAGAGACCTCTCCAGGGTATAATTTAGTGG
consensus (4, 3) GACTTGCCTCTTGACACATGATTGAGGTCTTTATAATGAGCGTVY
randoml5-8 6.134 CTGACTTGCCTCTTGACACATGATTGAGGTCTTTATAATGAGCGT
consensus (4, 4) CACCCCCCTGTTGACACCGATGAGTGCCGAAACTATAATGCGGAC
randoml7-4 6.457 CACCCCCCTGTTGACACCGATGAGTGCCGAAACTATAATGCGGAC
consensus (4,6) AYCWGTMWGWT TGACARMKMKCYTYTCASWSYGTATAATMMRMRY
randoml7-7 4,902 CCAGTAAGATTGACAGATATCCTTTCAGACTGTATAATAAGCGTG
randoml7~-8 5.066 ATCTGTCTGTTTGACAACGCGCTTCTCACTGCGTATAATCCAAAC
consensus (5,0) CCGTATCAGGTTGACATTAACCTAATCACGGTATAATTACCAACC
randoml5-6 6.363 CCGTATCAGGTTGACATTAACCTAATCACGGTATAATTACCAACC
consensus (5, 6) ABCAATTGCTTTGACATCCAAACTGACGAACATTATAATGAGGGG
randoml7-2 6.084 CAATTGCTTTGACATCCAAACTGACGAACATTATAATGAGGGGAC
consensus (6,0) CYYRMGKAYRTTGACAMTGYCYTRAAASGSRTATAATCKSYWMGT
randoml5-2 5.265 CCCGAGTATATTGACAATGTCTTAAAAGGCGTATAATCTCCACGT
randoml5-3 5.139 TCTTACGGACGTTGACACTGCCCTGARACGGATATAATCGGTTAG
consensus (6,1) CCGCGAGCCGTTGACAACTGATGTAGACGACTATAATTCCCCAGG
randoml5-5 6.254 CGCGAGCCGTTGACAACTGATGTAGACGACTATAATTCCCCAGGT
consensus (6,2) TACTGCGTTGTTGACAGTATTCATGGTCGGCTATAATCTTCCGAD
randoml5-7 6.298 TTACTGCGTTGTTGACAGTATTCATGGTCGGCTATAATCTTCCGA
consensus (6, 3) WACGRYRKMGTTGACASSKYAACYAAMCKACTMKWATRAWMGKCW
randoml5-1 5.031 ACGACATAGTTGACACCTCAACCAAACTACTATAATGAAAGGCTC
randoml8-1 4.619 GTGGCGTTGACAGGGTAACTAACCGACTCGTATAATCGTCACAGT
consensus (6, 4) ACTTTACATTTTGACAGCGCAAGGTACGATATATAATCCTAGTSW
randoml5-4 6.139 GGACTTTACATTTTGACAGCGCAAGGTACGATATATAATCCTAGT
consensus (6,5) ASTGTCGTCTTTGACAGGGCGTGCAGCTAGCTTTATAATGTGAGT
randoml7-6 6.120 TGTCGTCTTIGACAGGGCGTGCAGCTAGCTT TATAATGTGAGTAT
consensus (6, 6) AGCMTMARGTTTGACAGWARWRGASWRAWGKSMTATAATKGRAKT
randoml7-1 4.974 CTAAGGTTTGACAGAAGTGGACTGAAGTCATATAATTGAAGTCCT
randoml7-3 5.282 GCATCAAGTTTGACAGTAAARAGAGAAATGGGCTATAATGGGATTG
2x16 16 16 2x16 19 19 2x19
16 16
18 18 19 2x19
18 18 18 17
18 18 15 17 2x17
15 17
2x15 15 15 15 15 17 2x17
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APPENDIX F

Results of Querying the Trained Networks with the Sequences used for Training

This appendix contains output generated from the neural network query program (cluster).
Each of the neural networks were trained with the following parameters: o = 0.5,
to = 1000, a(ty) = 0.01, t, = 200, and nb, = 0 (see Chapter 2.1 for an explantion of these
parameters). The networks differ in the number of output neurons (nb,) and the initial size
of the neighbourhood for weight updating (nb;) which are indicated at the beginning of

each output listing.

nb, = 3, nb; =

consensus (0,0)
araBAD

cya

dnaA-l1p
Fpla-oriTpX
frdABCD
gal-P1l
gal-p2
htpR-P1
ISlinsPR
lacPl

lacp2
lambdaPL
lambdaPo
lambdaPR
metAP2
pl5primer
PBR322primer
pBR322tet
phiXA

rechA

T7~C
Tn501mer
tyrT/178

consensus (0,1)
alas

argE-P2
cit.util-379
ColEl-P1l
deo-P2

gnd
lambdaPRE
lyscC

MuPe
R100rna3
R100RNAII
ssb
Tn501merR
trfB

trp

trpR
uvrB-P2

2.321
2.564
2.079
2.653
2.243
2.587
2.530
2.316
2.650
2.274
2.234
2.485
2.402
2.645
2.512
2.488
2.483
2.561
2.624
2.608
2.525
2.219
2.302

2.382
2.364
2.300
2.493
2.317
2.419
2.578
2.235
2.465
2.172
2.332
2.354
2.656
2.637
2.528
2.656
2.450

TMCMYGHCNNWCT TGACWCHNTWTBNDYADKCBGT TWWWHTGHTB
TCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATA
GCATCTTTCTTTACGGTCAATCAGCAAGGTGTTAAATTGATCACG
GTAAATCGTGCCCGCCTCGCGGCAGGATCGTTTACACTTAGCGAG
CCACCAACCTGTTGAGCCTTTTTGTGGAGTGGGTTAAATTATTTA
GTCAAATTTCAGACTTATCGATCAGACTATACTGTTGTACCTATA
CATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTATTTCATA
TTTATTCCATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTA
ACGCCACTTACGCCTGAATAATAAAAGCGTGTTATACTCTTTCCT
ATACCTTATGGTAATGACTCCAACTTATTGATAGTGTITTTATGTT
CCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGA
GAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCT
CTGGCGGTGTTGACATAAATACCACTGGCGGTGATACTGAGCACA
TGCCGAAGTTGAGTATTTTTGCTGTATTTGTCATAATGACTCCTG
CCGTGCGTGTTGACTATTTTACCTCTGGCGGTGATAATGGTTGCA
AATTACCATTTTCTCTCCTTTTAGTCATTCTTATATTCTAACGTA
TGATCTTCTTGAGATCGTTTTGGTCTGCGCGTAATCTCTTGCTTG
GGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTG
TTCTCATGTTTGACAGCTTATCATCGATAAGCTTTAATGCGGTAG
CCGTCAGGATTGACACCCTCCCAATTGTATGTTTTCATGCCTCCA
TACAAAACACTTGATACTGTATGAGCATACAGTATAATTGCTTCA
ATAAGCAACTTGACGCAATGTTAATGGGCTGATAGTCTTATCTTA
ATATCGCTTGACTCCGTACATGAGTACGGAAGTAAGGTTACGCTA
TGCGCGCAGGTCGTGACGTCGAGAAAAACGTCTTAAGTCGTGCAC

THGHDNMNGKYBTTGACRWKTAAVHHDYDNWNDNNTAHEYTTHWD
TACGGTATTTTACCTTCCCAGTCAAGAAAACTTATCTTATTCCCA
GCATCATTGCTTTGCGCTGAAACAGTCAAAGCGGTTATGTTCATA
GCGGGGGTCTCAGGCGACTAACCCGCAAACTCTTACCTCTATACA
CCACAGTCTTGACAGGGAAAATGCAGCGGCGTAGCTTTTATGCTG
ATGTGTATCGAAGTGTGTTGCGGAGTAGATGT TAGAATACTAACA
ATAAGCTATTTATACTTTAATAAGTACTTTGTATACTTATTTGCG
CCTCGTTGCGTTTGTTTGCACGAACCATATGTAAGTATTTCCTTA
ACCCCATCGTTGACAACCGCCCCGCTCACCCTTTATTTATAAATG
AAAAGCACCTTTACATTAAGCTTTTCAGTAATTATCTTTTTAGTA
CGGCTTACGCCGGGCTTCGGCGGTTTTACTCCTGTATCATATGAA
TTACATTCTTGAGTGTTCAGAAGATTAGTGCTAGATTACTGATCG
AAGCGCTATTGGTAATGGTACAATCGCGCGTTTACACTTATTCAG
TGCGCTTGTCCTTTCGAATTGAAATTGGATAGCGTAACCTTACTT
CTAAAGGTGTTGACGTGCGAGAAATGTTTAGCTAAACTTCTCTCA
ATGAGCTGTTGACAATTAATCATCGAACTAGTTAACTAGTACGCA
GTCGTTACTGATCCGCACGTTTATGATATGCTATCGTACTCTTTA
ATATTATGGTGATGAACTGTTTTTTTATCCAGTATAATTTGTTGG
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consensus (0,2)
aceEF

aroG
colEl-B
colEl-C
colE110.13
his
11vGEDA
lambdaPR’
lpp

micF
NTP1lrnalOO
ompR
plS5rnal
P22PR
pfkB
Pori-r
RSFrnal
spotd2r
sucAB
T7-Al

T7-D

T7A2

thr

trfA

trpP2
uvrB-p1l

consensus (1,0)
araC
g-k-tnpA
glnL
glyA
ilvIH-P2
metAP1
motA
pori-I
R100RNAI
sdh~P1
sdh-P2

consensus (1,1)
argE-P1
carAB-P1
ilvIH-P3

malk

pheU

str

T7-A3

tyrT/140

consensus (1,2)
ada

argF
gltA-P2
gyrB
lambdaPRM
lex

livJd
malPQ

T7E
TnlOtetR¥*
Tnl0xxxP1l
Tn5IR
trxA
tyrT/77

2.172
2.444
2.925
2.880
2.334
2.379
2.489
2.694
2.760
2.473
2.904
2.539
2.745
2.709
2.467
2.368
2.904
2.542
2.499
2.623
2.575
2.336
2.468
2.476
2.584
2.779

2.249
3.055
2.503
2.814
2.625
2.617
2.434
2.450
2.785
2.696
2.380

3.030
3.238
3.134
2.371
3.624
2.631
3.262
2.149

2.154
2.798
2.706
2.409
2.693
2.574
2.611
2.387
2.764
2.609
2.702
2.619
2.557
2.200

CNRAAWAWDTYYTTGACWWAWDVAMCHAHHWRKDVTAAABTDAAA
ACGTAGACCTGTCTTATTGAGCTTTCCGGCGAGAGTTCAATGGGA
AAAACCCCGTTTACACATTCTGACGGAAGATATAGATTGGAAGTA
TTATAAAATCCTCTTTGACTTTTAAAACAATAAGTTAAAAATAAA
AAATCCTCTTTGACTTTTAAAACAATAAGTTAAAAATAAATACTG
GAGTTCTTGAAGTAGTGGCCCGACTACGGCTACACTAGAAGGACA
AAAGTTCTTGCTTTCTAACGTGAAAGTGGTTTAGGTTAAAAGACA
AAATATCTTGTACTATTTACAAAACCTATGGTAACTCTTTAGGCA
GCATGATATTGACTTATTGAATAAAATTGGGTAAATTTGACTCAA
AAAAAATATTCTCAACATAAAAAACTTTGTGTAATACTTGTAACG
ATGGCGAAATAAGCACCTAACATCAAGCAATAATAATTCAAGGTT
AGTTTGTCTTGAAGTTATGCACCTGTTAAGGCTAAACTGAAAGAA
TCGCCGAATAAATTGTATACTTAAGCTGCTGTTTAATATGCTTTG
AGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGA
TTAAATAAACTTGACTAAAGATTCCTTTAGTAGATAATTTAAGTG
GTTAATTTCTTCACTTTCCGCTGATTCGGTGCCAGACTGAAATCA
CGATCTGTATACTTATTTGAGTAAATTAACCCACGATCCCAGCCA
AGTTTGTCTTGAAGTTATGCACCTGTTAAGGCTAAACTGAAAGAA
AAAAGTGCTTTCTGAACTGAACAAAAAAGAGTAAAGTTAGTCGCG
AGGAAATCTTTAAAAACTGCCCCTGACACTAAGACAGTTTTAAAA
AAAGAGTATTGACTTAAAGTCTAACCTATAGGATACTTACAGCCA
AGATAGGCGTTGACTTGATGGGTCTTTAGGTGTAGGCTTTAGGTG
ACAGGTATTGACAACATGAAGTAACATGCAGTAAGATACAAATCG
AATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCA
TAARAGTTCTTGACAGCGGAACCAATGTTTAGCTAAACTAGAGTCT
AAGAAAACCGTGACATTTTAACACGTTTGTTACAAGGTAAAGGCG
GTATAATTTGTTGGCATAATTAAGTACGACGAGTAAAATTACATA

TTWHHHGCDBWYTTGDNMHBKTHYNNNBAWHHDVYTATHHTGCBS
ATCAATGTGGACTTTTCTGCCGTGATTATAGACACTTTTGTTACG
TTAACAGCACTGTTTTTATGTGTGCGATAATTTATAATATTTCGG
TCTGATGCTTCGCGCTTTTTATCCGTAARRAGCTATAATGCACTA
TTTGTCAAGACCTGTTATCGCACAATGATTCGGTTATACTGTTCG
GGATTTTATCGTTTCTTTTCACCTTTCCTCCTGTTTATTCTTATT
ACATGCAGGCTCGACATTGGCAAATTTTCTGGTTATCTTCAGCTA
AATCGCGCGTTAACGCCTGACGACTGAACATCCTGTCATGGTCAA
TGTTCAGTTTTTGAGTTGTGTATAACCCCTCATTCTGATCCCAGC
AAAGAAGTCTTGAACTTTTCCGGGCATATAACTATACTCCCCGCA
AGGTTAATTGTAATGATTTTGTGAACAGCCTATACTGCCGCCAGT
CCGCGATTATGGGCAGCTTCTTCGTCAAATTTATCATGTGGGGCA

YHGGCCRWTAGGT TGAMWWNATGNRSAMATHACKGTANDWTGHGB
GGCTGGTGGGTTTTATTACGCTCAACGTTAGTGTATTTTTATTCA
GCCATTAAGTTGACTTTTAGCGCCCATATCTCCAGAATGCCGCCG
GGATTAATTAAAAAAATAGAGAAATTGCTGTAAGTTGTGGGATTC
GGGTGGAGGATTTAAGCCATCTCCTGATGACGCATAGTCAGCCCA
GACATTAGGTTGACGAGATGTGCAGATTACGGTTTAATGCGCCCG
TGTATATTTCTTGACACCTTTTCGGCATCGCCCTAAAATTCGGCG
CAAAACGGTTGACAACATGAAGTAAACACGGTACGATGTACCACA
AGTCGTCACTATACARAGTACTGGCACAGCGGGTCTTTGTTTACG

GTWAAWHDGDTKWTGMAADWBAVYHHHTACHRTGATADANTHAAD
GATTGTTGGTTTTTGCGTGATGGTGACCGGGCAGCCTAAAGGCTA
AAATGGGGTTGCAAATGAATAATTACACATATAAAGTGAATTTTA

TGTTACAAACATTACCAGGAAAAGCATATAATGCGTAAAAGTTAT
AAAATTCGAAGATGTTTACCGTGGAAAAGGGTAAAATAACGGATT
GCACGGTGTTAGATATTTATCCCTTGCGGTGATAGATTTAACGTA
AGTTTATGGTTCCAAAATCGCCTTTTGCTGTATATACTCACAGCA
AAAATAGCTATTCCAATATCATAAAAATCGGGATATGTTTTAGCA
CGCAGGATGAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATA
TACGGATGATGATATTTACACATTACAGTGATATACTCAAGGCCA
GATAGGGAGTGGTAAAATAACTCTATCAATGATAGAGTGTCAACA
AATTTTCTTGTTGATGATTTTTATTTCCATGATAGATTTAAAATA
ATCTGATCTTCCATGTGACCTCCTAACATGGTAACGTTCATGATA
TACTATTGCTTTACGAAAGCGTATCCGGTGAAATAAAGTCAACTA
TTTAATCGCCAGCAAARATAACTGGTTACCTTTAATCCGTTACGG
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consensus (2,0)
araE
deo~P3
divE
glyA/geneX
grokE
leultRNA
Mlrna

ompA
pBR322P4
phea
pyrE-pPl
R1RNAII
rnp (RNaseP)
rrn4.5S
rrnABP1
rrnDEXP2
rrnD-P1
rrnE-pP1l
rrnX1l
supB-E
tyrT
tyrT/6
uncl

uvrbD

consensus (2,1)
ampC

aroF
carAB-P2

cat
CloDFcloacin
ColEl-P2
colicinEl1P3
fdvIII

fdx

gltA-P1
ilvIH-P4
lambdaPI
ompC

rpoA

spc

tonB

tufB
tyrT/109

consensus (2,2)
argCBH

crp

deo-P1
Fplas~traM
g-k~tnpR
hisA
htpR-P2
htpR-P3

lacI

malEFG
P22PRM
pBR322bla
pColViron-P1l
phiXB

phiXxD
pyrE-p2
RSFprimer
TnlOPin
Tnl0xxxP2
TnlOxxxP3
Tn2660bla-P3
uvrB-P3
434PR

2.294
2.518
2.554
2.610
2.405
2.755
2.788
2.453
2.325
2.419
2.886
2.263
2.788
2.536
3.095
2.635
2.587
2.915
3.041
2.570
2.912
2.893
2.870
2.757

2.301
2.541
2.490
2.370
2.475
2.678
2.678
2.562
2.633
2.348
2.443
2.492
2.856
2.727
2.534
2.333
2.518
2.453

2.498
2.329
2.347
2.215
2.373
2.778
2.748
2.638
2.310
2.178
2.556
2.753
2.719
2.560
2.685
2.522
2.746
2.687
2.756
2.371
2.753
2.576
2.444
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AYCWAWTWHNBDCTTGAMAKVBCVVGVNMANTCBSTATAATGCGC
CCGACCTGACACCTGCGTGAGTTGTTCACGTATTTTTTCACTATG
CAACTGTCTATCGCCGTATCAGCGAATAACGGTATACTGATCTGA
ATTAGGGGTTTACACGCCGCATCGGGATGTTTATAGTGCGCGTCA
AAAGAACCATTTACATTGCAGGGCTATTTTTTATAAGATGCATTT
TTTTTCCCCCTTGAAGGGGCGAAGCCATCCCCATTTCTCTGGTCA
ATTAACTATTGACGAAAAGCTGAAARACCACTAGAATGCGCCTCCG
AACGCGGGGTGACAAGGGCGCGCAAACCCTCTATACTGCGCGCCG
CCTGACGGAGTTCACACTTGTAAGTTTTCAACTACGTTGTAGACT
GTATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTG
CGTTTTTTGTTGACAGCGTGAAAACAGTACGGGTACTGTACTAAA
CTTGTAAGGATAGGAATAACCGCCGGAAGTCCGTATAATGCGCAG
AGTAAAGACTTTACTTTGTGGCGTAGCATGCTAGATTACTGATCG
AACGCGGGGTGACAAGGGCGCGCAAACCCTCTATACTGCGCGCCG
CGATGGGTTGCAATTAGCCGGGGCAGCAGTGATAATGCGCCTGCG
ATTTCCTCTTGTCAGGCCGGAATAACTCCCTATAATGCGCCACCA
AATTCAGGGTTGACTCTGAAAGAGGAAAGCGTAATATACGCCACC
AAAAATACTTGTGCAAAAAATTGGGATCCCTATAATGCGCCTCCG
TTTTTCTATTGCGGCCTGCGGAGAACTCCCTATAATGCGCCTCCA
TTTTCCGCTTGTCTTCCTGAGCCGACTCCCTATAATGCGCCTCCA
AAAAGAGGTTGACGCTGCAAGGCTCTATACGCATAATGCGCCCCG
ACGTAACACTTTACAGCGGCGCGTCATTTGATATGATGCGCCCCG
TTCTCAACGTAACACTTTACAGCGGCGCGTCATTTGATATGATGC
TACTTATTGTTTGAARATCACGGGGGCGCACCGTATAATTTGACCG
AATTTCCCGCTTGGCATCTCTGACCTCGCTGATATAATCAGCAAA

CTCHWDHTTWKSDTKBAAWWNBBBDNDNDKBDTGNTATAATNGMV
TCCTGACAGTTGTCACGCTGATTGGTGTCGTTACAATCTAACGCA
ABAATATGGATTGAAAACTTTACTTTATGTGTTATCGTITACGTCA
CAGATTTGCATTGATTTACGTCATCATTGTGAATTAATATGCAAA
TGATCGGCACGTAAGAGGTTCCAACTTTCACCATAATGAAATAAG
ATATTGACACCTGAAAACTGGAGGAGTAAGGTAATAATCATACTG
AACTTATTGTTTTAAAAGTCAAAGAGGATTTTATAATGGAAACCG
AACTTATTGTTTTAAAAGTCAAAGAGGATTTTATAATGGAAACCG
ACAAATCTCCGTTGTACTTTGTTTCGCGCTTGGTATAATCGCTGG
TCTTTTTGATGCAATTCGCTTTGCTTCTGACTATAATAGACAGGG
CATTCGGGACAGTTATTAGTGGTAGACAAGTTTAATAATTCGGAT
ATTTTATTCTGAATGTCTGGGCTCTCTATTTTAGGATTAATTAAA
TTTTCTTGCGTGTAATTGCGGAGACTTTGCGATGTACTTGACACT
TCATATTCGTGTTGGATTATTCTGCATTTTTGGGGAGAATGGACT
CATATTTTTCTTGCAAAGTTGGGTTGAGCTGGCTAGATTAGCCAG
TTATTTTTTCTACCCATATCCTTGAAGCGGTGTTATAATGCCGCG
GTCTTGCCTTATTGAATATGATTGCTATTTGCATTTAAAATCGAG
TTTTTTAGTTGCATGAACTCGCATGTCTCCATAGAATGCGCGCTA
CGTCTTTGTTTACGGTAATCGAACGATTATTCTTTAATCGCCAGC

CTMHTAHWNAART TGWNAAACAKHTYBNNTTATGATANAATARHG
TTTTCATTGTTGACACACCTCTGGTCATGATAGTATCAATATTCA
AGACACCAGGAGACACAAAGCGAAAGCTATGCTAAAACAGTCAGG
CGTTTTATTCGAACATCGATCTCGTCTTGTGTTAGAATTCTAACA
GGGTGCTGCTAGCGGCGCGGTGTGTTTTTTTATAGGATACCGCTA
ATTAACAATTTTGCAACCGTCCGAAATATTATAAATTATCGCACA
ACTAATTAATAAATAGTTAATTAACGCTCATCATTGTACAATGAA
AGCTTGCATTGAACTTGTGGATAAAATCACGGTCTGATARAACAG
CATTGAACTTGTGGATARAATCACGGTCTGATAAAACAGTGAATG
ATCGAATGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCG
CAAGGAGGATGGAAAGAGGTTGCCGTATAAAGAAACTAGAGTCCG
TATCTACTAAAGGAATCTTTAGTCAAGTTTATTTAAGATGACTTA
CTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTG
CAATTCTCAAGTTGATAATGAGAATCATTATTGACATAATTGTTA
TAAATAGCTTGCAAAATACGTGGCCTTATGGTTACAGTATGCCCA
CTCTTGTTGACATTTTAAAAGAGCGTGGATTACTATCTGAGTCCG
GCGGTCATACTGCGGATCATAGACGTTCCTGTTTATAAAAGGAGA
TAGCTGTTCGTTGACTTGATAGACCGATTGATTCATCATCTCATA
AAGTTAAGGTGGATACACATCTTGTCATATGATCAAATGGTTTCG
TGTTCTTAAGATTGTCACGACCACATCATCATGATACCATAAACA
GATTTAAAATAACATACCGTCAGTATGTTTATGGTATCATGATGA
CTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTG
TATCCACTATTCCTGTGGATAACCATGTGTATTAGAGTTAGAAAA
ACTGTATTTGACAAACAAGATACATTGTATGAAAATACAAGAAAG




nbs = 4, nbi = 1

consensus (0, 0)
aceEF

ampC
ColEl-P2
colicinElP3
fdVvIII
leultRNA
lysC

ompA
pyrE-P1l
recA
rrnABP1
rrnDEXP2
rrnD-P1
rrnE-P1
rrnXl

uncI

consensus (0,1)
deo-P3

divE

Mlrna

pheU

R100RNAI

rnp (RNaseP)
rrn4.5s

sdh-P1

supB-E

consensus (0,2)
.argF

aroG
carAB-P1l

crp

gyrB

hisA
lambdaPRM
malEFG
malPQ
pColViron-p1l
T7E
Tnl0tetR*
uvrB-P3

consensus (0, 3)
colEl-B
colEl-C
il1vGEDA
lpp
micF
P22PR
Pori-r
spot42r
sucAB
T7-Al
trfA
trp
trpP2
434PR

2.917
2.703
2.963
2.963
2.783
2.789
2.571
2.863
2.790
2.937
3.059
2.800
2.894
2.935
3.011
3.063

2.883
3.008
3.559
3.228
3.185
3.559
3.109
2.844
3.225

2.813
2.573
2.748
2.524
2.7152
3.125
2.809
2.511
2.584
3.101
2.991
2.891
2.860

3.256
3.206
2.741
2.800
2.623
2.910
2.479
2.661
2.682
2.825
2.799
2.700
2.763
2.795
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ACGTAAHTHAYDSTTGWMAANNNNNNAGVASWCCBTATAATGSGM
ACGTAGACCTIGTCTTATTGAGCTTTCCGGCGAGAGTTCAATGGGA
TCCTGACAGTTGTCACGCTGATTGGTGTCGTTACAATCTAACGCA
AACTTATTGTTTTAAAAGTCAAAGAGGATTTTATAATGGAAACCG
AACTTATTGTTTTAAAAGTCAAAGAGGATTTTATAATGGAAACCG
ACAAATCTCCGTTGTACTTTGTTTCGCGCTTGGTATAATCGCTGG
ATTAACTATTGACGAAAAGCTGAAAACCACTAGAATGCGCCTCCG
ACCCCATCGTTGACAACCGCCCCGCTCACCCTTTATTTATAAATG
CCTGACGGAGTTCACACTTGTAAGTTTTCAACTACGTTGTAGACT
CTTGTAAGGATAGGAATAACCGCCGGAAGTCCGTATAATGCGCAG
TACAAAACACTTGATACTGTATGAGCATACAGTATAATTGCTTCA
ATTTCCTCTTGTCAGGCCGGAATAACTCCCTATAATGCGCCACCA
AATTCAGGGTTGACTCTGAAAGAGGAAAGCGTAATATACGCCACC
AAAAATACTTGTGCAAAAAATTGGGATCCCTATAATGCGCCTCCG
TTITTTCTATTGCGGCCTGCGGAGAACTCCCTATAATGCGCCTCCA
TTTTCCGCTTGTCTTCCTGAGCCGACTCCCTATAATGCGCCTCCA
TACTTATTGTTTGAAATCACGGGGGCGCACCGTATAATTTGACCG

CYVVAAVDBGGGTTGAMAHKRBCNGGSRAWMHMBBTATAMTGCGC
CAACTGTCTATCGCCGTATCAGCGAATAACGGTATACTGATCTGA
ATTAGGGGTTTACACGCCGCATCGGGATGTTTATAGTGCGCGTCA
AACGCGGGGTGACAAGGGCGCGCARACCCTCTATACTGCGCGCCG
GACATTAGGTTGACGAGATGTGCAGATTACGGTTTAATGCGCCCG
AAAGAAGTCTTGAACTTTTCCGGGCATATAACTATACTCCCCGCA
AACGCGGGGTGACAAGGGCGCGCAAACCCTCTATACTGCGCGCCG
CGATGGGTTGCAATTAGCCGGGGCAGCAGTGATAATGCGCCTGCG
AGGTTAATTGTAATGATTTTGTGAACAGCCTATACTGCCGCCAGT
AAAAGAGGTTGACGCTGCAAGGCTCTATACGCATAATGCGCCCCG

CYARNAADBADGWDGAHAWTTANCDNYNDYADWGATARAATRRHG
AAATGGGGTTGCAAATGAATAATTACACATATAAAGTGAATTTTA
AAAACCCCGTTTACACATTCTGACGGAAGATATAGATTGGAAGTA
GCCATTAAGTTGACTTTTAGCGCCCATATCTCCAGAATGCCGCCG
AGACACCAGGAGACACAAAGCGAAAGCTATGCTAAAACAGTCAGG
AAAATTCGAAGATGTTTACCGTGGAAAAGGGTAARATAACGGATT
ACTAATTAATAAATAGTTAATTAACGCTCATCATTGTACAATGAA
GCACGGTGTTAGATATTTATCCCTTGCGGTGATAGATTTAACGTA
CAAGGAGGATGGAAAGAGGTTGCCGTATAAAGAAACTAGAGTCCG
CGCAGGATGAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATA
CAATTCTCAAGTTGATAATGAGAATCATTATTGACATAATTGTTA
TACGGATGATGATATTTACACATTACAGTGATATACTCAAGGCCA
GATAGGGAGTGGTAAARATAACTCTATCAATGATAGAGTGTCAACA
TATCCACTATTCCTGTGGATAACCATGTGTATTAGAGTTAGAAAA

MTDAAAAARTHYTTGACWWHWWAAAMHAWHWRTARNAAABWWANA
TTATAAAATCCTCTTTGACTTTTAAAACAATAAGTTAAAAATARAA
AAATCCTCTTTGACTTTTAAAACAATAAGTTAAAAATAAATACTG
AAATATCTTGTACTATTTACAAAACCTATGGTAACTCTTTAGGCA
AAAAARATATTCTCAACATAAAAAACTTTGTGTAATACTTGTAACG
ATGGCGAAATAAGCACCTAACATCAAGCAATAATAATTCAAGGTT
TTAAATAAACTTGACTAAAGATTCCTTTAGTAGATAATTTAAGTG
CGATCTGTATACTTATTTGAGTAAATTAACCCACGATCCCAGCCA
AAAAGTGCTTTCTGAACTGAACAAAAAAGAGTARAGTTAGTCGCG
AGGAAATCTTTAAAAACTGCCCCTGACACTAAGACAGTTTTAAAA
AAAGAGTATTGACTTAAAGTCTAACCTATAGGATACTTACAGCCA
TAAAGTTCTTGACAGCGGAACCAATGTTTAGCTAAACTAGAGTCT
ATGAGCTGTTGACAATTAATCATCGAACTAGTTAACTAGTACGCA
AAGAAAACCGTGACATTTTAACACGTTTGTTACAAGGTAAAGGCG
ACTGTATTTGACAAACAAGATACATTGTATGAAAATACAAGAAAG



consensus (1,0)
aroF

cat
CloDFcloacin
glyA/geneX
lacPl

malk

motA

RI1IRNAII
TnlOxxxP1l
trxA

tyrT

tyrT/6

uvrD

consensus (1,1)
fdx

lex

ompC

pBR322bla

rpoA
Tn2660bla-P3
tufB

consensus (1,2)
ilvIH-P3
lambdaPL

str

T7-A3

T7-D

uvrB-pP1l

consensus (1, 3)
cya
gltA-pP2
gnd

his
lambdaPR’
livd
MuPe
pfkB
R100RNAII
ssb

T7-C

trfB

consensus (2,0)
argCBH
Fplas—-traM
g-k-tnpR

lacI

phiXD
RSFprimer
Tnl0Pin
Tnl0xxxP2
TnlOxxxP3

consensus (2,1)
ilvIH-P2
ilvIH-P4
lambdaPo
lambdaPR

phiXa

R100rna3

consensus (2,2)
P22PRM

spe

Tn501mer
tyrT/140

2.927
2.793
2.710
2.771
2.996
2.512
2.443
2.773
2.695
2.674
3.354
3.563
3.023

3.287
3.147
3.695
3.521
3.643
3.521
3.291

2.865
3.122
3.178
3.144
2.962
3.295

2.862
2.960
2.783
2.698
2.856
2.815
2.7
2.795
2.697
2.437
2.939
2.989

2.820
2.779
2.934
2.590
3.247
3.265
2.969
3.219
2.857

2.653
3.806
3.817
3.088
2.567
3.787

3.807
3.671
3.816
2.482

CBVAANTTAABRCTTTACAAYKBYGVSTYATDTGWWATAATVHGM
AAAATATGGATTGAAAACTTTACTTTATGTGTTATCGTTACGTCA
TGATCGGCACGTAAGAGGTTCCAACTTTCACCATAATGAAATAAG
ATATTGACACCTGAAAACTGGAGGAGTAAGGTAATAATCATACTG
AAAGAACCATTTACATTGCAGGGCTATTTTTTATAAGATGCATTT
CCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGA
GGGTGGAGGATTTAAGCCATCTCCTGATGACGCATAGTCAGCCCA
AATCGCGCGTTAACGCCTGACGACTGAACATCCTGTCATGGTCAA
AGTAAAGACTTTACTTTGTGGCGTAGCATGCTAGATTACTGATCG
AATTTTCTTGTTGATGATTTTTATTTCCATGATAGATTTAAAATA
TACTATTGCTTTACGAAAGCGTATCCGGTGAAATAAAGTCAACTA
ACGTAACACTTTACAGCGGCGCGTCATTTGATATGATGCGCCCCG
TTCTCAACGTAACACTTTACAGCGGCGCGTCATTTGATATGATGC
AATTTCCCGCTTGGCATCTCTGACCTCGCTGATATAATCAGCAAA

CTCMTWWWTWYGTTSCAAWATBBHEKYHKYTCWGGAKABAATARCC

TCTTTTTGATGCAATTCGCTTTGCTTCTGACTATAATAGACAGGG

AGTTTATGGTTCCAAAATCGCCTTTTGCTGTATATACTCACAGCA

TCATATTCGTGTTGGATTATTCTGCATTTTTGGGGAGAATGGACT
CTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTG
CATATTTTTCTTGCAAAGTTGGGTTGAGCTGGCTAGATTAGCCAG

CTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTG

TTTTTTAGTTGCATGAACTCGCATGTCTCCATAGAATGCGCGCTA

YTKNNRDAKKTGTTGACAWMATTAMGWMHKNSSGGTAWRATKWGS
GGATTAATTAAAAAAATAGAGAAATTGCTGTAAGTTGTGGGATTC
CTGGCGGTGTTGACATAAATACCACTGGCGGTGATACTGAGCACA
TGTATATTTCTTGACACCTTTTCGGCATCGCCCTAARRATTCGGCG
CAAAACGGTTGACAACATGAAGTAAACACGGTACGATGTACCACA
AGATAGGCGTTGACTTGATGGGTCTTTAGGTGTAGGCTTTAGGTG
GTATAATTTGTTGGCATAATTAAGTACGACGAGTAAAATTACATA

GTWAHAAASHTCTTBACDTWHHRYWWAHDWGKKGNTADAYTTAWN
GCATCTTTCTTTACGGTCAATCAGCAAGGTGTTAAATTGATCACG
TGTTACAAACATTACCAGGAAAAGCATATAATGCGTAAAAGTTAT
ATAAGCTATTTATACTTTAATAAGTACTTTGTATACTTATTTGCG
AAAGTTCTTGCTTTCTAACGTGAAAGTGGTTTAGGTTAAAAGACA
GCATGATATTGACTTATTGAATAAAATTGGGTAAATTTGACTCAA
AAAATAGCTATTCCAATATCATAAARATCGGGATATGTTTTAGCA
AAAAGCACCTTTACATTAAGCTTTTCAGTAATTATCTTTTTAGTA
GTTAATTTCTTCACTTTCCGCTGATTCGGTGCCAGACTGAAATCA
TTACATTCTTGAGTGTTCAGAAGATTAGTGCTAGATTACTGATCG
AAGCGCTATTGGTAATGGTACAATCGCGCGTTTACACTTATTCAG
ATAAGCAACTTGACGCAATGTTAATGGGCTGATAGTCTTATCTTA
CTAAAGGTGTTGACGTGCGAGAAATGTTTAGCTAAACTTCTCTCA

CTGTDBTTWARATTGHNAMACMGHBHGNATTATKATMDNATAVHG
TTTTCATTGT TGACACACCTCTGGTCATGATAGTATCAATATTCA
GGGTGCTGCTAGCGGCGCGGTGTGTTTTTTTATAGGATACCGCTA
ATTAACAATTTTGCAACCGTCCGAAATATTATAAATTATCGCACA
ATCGAATGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCG
CTCTTGTTGACATTTTAAAAGAGCGTGGATTACTATCTGAGTCCG
TAGCTGTTCGTTGACTTGATAGACCGATTGATTCATCATCTCATA
AAGTTAAGGTGGATACACATCTTGTCATATGATCAAATGGTTTCG
TGTTCTTAAGATTGTCACGACCACATCATCATGATACCATAAACA
GATTTAAAATAACATACCGTCAGTATGTTTATGGTATCATGATGA

TTACDBYBGAHTTTGAVIGTTTTDGYTSTVIWTBWTATGAWKAMT
GGATTTTATCGTTTCTTTTCACCTTITCCTCCTGTTTATTCTTATT
ATTTTATTCTGAATGTCTGGGCTCTCTATTTTAGGATTAATTAAA
TGCCGAAGTTGAGTATTTTTGCTGTATTTGTCATAATGACTCCTG
CCGTGCGTGTTGACTATTTTACCTCTGGCGGTGATAATGGTTGCA
CCGTCAGGATTGACACCCTCCCAATTGTATGTTTTCATGCCTCCA
CGGCTTACGCCGGGCTTCGGCGGTTTTACTCCTGTATCATATGAA

TCTHWTTWYTHMDDVMAWBWTI TABTGAAGTDDDGTTAHGATGMCK
TATCTACTAAAGGAATCTTTAGTCAAGTTTATTTAAGATGACTTA
TTATTTTTTCTACCCATATCCTTGAAGCGGTGTTATAATGCCGCG

ATATCGCTTGACTCCGTACATGAGTACGGAAGTAAGGTTACGCTA

AGTCGTCACTATACAAAGTACTGGCACAGCGGGTCTTTGTTTACG
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consensus (2, 3)
ada

ColEl-P1
Fpla—-oriTpX
glyA

htpR-P1
plSprimer
pBR322primer
thr

tyrT/178
uvrB-pP2

consensus (3,0)
argE-P2
carAB-P2
colE110.13
groE
htpR-P2
htpR-P3
NTPlrnalOO0
pl5rnal
pheA
pori-I
pyrE-p2
RSFrnal
TTA2

tonB

consensus (3,1)
arakE

argE-P1l
lambdaPI
lambdaPRE
metAPl

phiXB
Tn501merR
tyrT/109

consensus (3,2)
araBAD

araC
cit.util-379
deo-P1

deo-P2

dnaA-lp

metAP2

sdh-P2

Tn5IR

consensus (3, 3)
alas
frdABCD
g-k-tnpA
gal-P1l
gal-P2
glnL
glta-P1
ISlinsPR
lacP2
ompR
pBR322P4
pBR322tet
trpR
tyrT/71

2.358
2.781
2.957
2.766
2.535
3.094
3.025
2.574
2.680
2.967

2.587
2.755
3.163
2.600
3.442
3.270
3.748
3.438
3.004
2.724
2.666
3.748
2.581
2.804

2.856
3.051
2.752
2.542
2.663
2.668
2.814
2.829

2.678
2.351
2.649
2.801
2.626
2.302
2.830
2.484
2.699

2.570
2.568
2.842
2.867
3.162
2.818
2.337
2.911
2.737
2.579
2.820
2.801
2.527
2.379
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TNYABGAHVBTSDTGABHTCGTWHWDKDADBSGBDTAAHYTVTWB
GATTGTTGGTTTTTGCGTGATGGTGACCGGGCAGCCTAAAGGCTA
CCACAGTCTTGACAGGGAAAATGCAGCGGCGTAGCTTTTATGCTG

CCACCAACCTGTTGAGCCTTTTTGTGGAGTGGGTTAAATTATTTA

TTTGTCAAGACCTGTTATCGCACAATGATTCGGTTATACTGTTCG

ACGCCACTTACGCCTGAATAATAAAAGCGTGTTATACTCTTTCCT
TGATCTTCTTGAGATCGTTTTGGTCTGCGCGTAATCTCTTGCTTG
GGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTG
AATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCA
TGCGCGCAGGTCGTGACGTCGAGAAAAACGTCTTAAGTCGTGCAC
ATATTATGGTGATGAACTGTTTTTTTATCCAGTATAATTTGTTGG

TTTGYCTTGAAGTHGTGVAYMHRWTAMSGBTHHDCTDAWARAABG
GCATCATTGCTTTGCGCTGAAACAGTCAAAGCGGTTATGTTCATA
CAGATTTGCATTGATTTACGTCATCATTGTGAATTAATATGCAAA
GAGTTCTTGAAGTAGTGGCCCGACTACGGCTACACTAGAAGGACA
TTTTTCCCCCTTGAAGGGGCGAAGCCATCCCCATTTCTCTGGTCA
AGCTTGCATTGAACTTGTGGATAAAATCACGGTCTGATAAAACAG
CATTGAACTTGTGGATAAAATCACGGTCTGATAAAACAGTGAATG
AGTTTGTCTTGAAGTTATGCACCTGTTAAGGCTAAACTGAAAGAA
AGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGA
CGTTTTTTGTTGACAGCGTGAAAACAGTACGGGTACTGTACTAAA
TGTTCAGTTTTTGAGTTGTGTATAACCCCTCATTCTGATCCCAGC
GCGGTCATACTGCGGATCATAGACGTTCCTGTTTATAAAAGGAGA
AGTTTGTCTTGAAGTTATGCACCTGTTAAGGCTAAACTGAAAGAA
ACAGGTATTGACAACATGAAGTAACATGCAGTAAGATACAAATCG
GTCTTGCCTTATTGAATATGATTGCTATTTGCATTTAAAATCGAG

TBGHGNTTBHDHT TDCGVAHWHHKHBBGNKTATBTTTAYAYWAYB
CCGACCTGACACCTGCGTGAGTTGTTCACGTATTTTTTCACTATG
GGCTGGTGGGTTTTATTACGCTCAACGTTAGTGTATTTTTATTCA
TTTTCTTGCGTGTAATTGCGGAGACTTTGCGATGTACTTGACACT
CCTCGTTGCGTTTGTTTGCACGAACCATATGTAAGTATTTCCTTA
ACATGCAGGCTCGACATTGGCAAATTTTCTGGTTATCTTCAGCTA
TAAATAGCTTGCAAAATACGTGGCCTTATGGTTACAGTATGCCCA
TGCGCTTGTCCTTTCGAATTGAAATTGGATAGCGTAACCTTACTT
CGTCTTTGTTTACGGTAATCGAACGATTATTCTTTAATCGCCAGC

TAHCCGNYGVTYTHVCGYGNCWCNHBY TWVHATTBTWWCATVBNT
TCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATA
ATCAATGTGGACTTTTCTGCCGTGATTATAGACACTTTTGTTACG
GCGGGGGTCTCAGGCGACTAACCCGCAAACTCTTACCTCTATACA
CGTTTTATTCGAACATCGATCTCGTCTTGTGTTAGAATTCTAACA
ATGTGTATCGAAGTGTGTTGCGGAGTAGATGTTAGAATACTAACA
GTAAATCGTGCCCGCCTCGCGGCAGGATCGTTTACACTTAGCGAG
AATTACCATTTTICTCTCCTTTTAGTCATTCTTATATTCTAACGTA
CCGCGATTATGGGCAGCTTCTTCGTCAAATTTATCATGTGGGGCA
ATCTGATCTTCCATGTGACCTCCTAACATGGTAACGTTCATGATA

TAKYTCAYDNHWYWVWYTKYDYATYYWTGATAHDBTWTRRTAHTY
TACGGTATTTTACCTTCCCAGTCAAGAAAACTTATCTTATTCCCA
GTCAARATTTCAGACTTATCGATCAGACTATACTGTTGTACCTATA
TTAACAGCACTGTTTTTATGTGTGCGATAATTTATAATATTTCGG

CATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTATTTCATA
TTTATTCCATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTA
TCTGATGCTTCGCGCTTTTTATCCGTAAAAAGCTATAATGCACTA
CATTCGGGACAGTTATTAGTGGTAGACAAGTTTAATAATTCGGAT
ATACCTTATGGTAATGACTCCAACTTATTGATAGTGTTTTATGTT
GAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCT
TCGCCGAATAAATTGTATACTTAAGCTGCTGTTTAATATGCTTTG
GTATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTG
TTCTCATGTTTGACAGCTTATCATCGATAAGCTTTAATGCGGTAG
GTCGTTACTGATCCGCACGTTTATGATATGCTATCGTACTCTTTA
TTTAATCGCCAGCAAAAATAACTGGTTACCTTTAATCCGTTACGG



nb, =5,nb; = 1

consensus (0,0)
colE110.13

fax

lex

NTPlrnalOO
ompC

plSrnal

rpoA

RSFrnal

consensus (0,1)
glyA

pBR322tet
R100RNAI

sdh~P1

spc

str

tyrT/109

consensus (0,2)
carAB-P1
divE

Mlrna
malEFG
pheU
pyrE-P1
rnp (RNaseP)
rrn4.5s
supB-E
tufB

consensus (0,3)
leultRNA
pBR322P4
rrnABP1l
rrnDEXP2
rrnD-P1
rrnE-P1

rrnXl

consensus (0,4)
aceEF

ampC
ColEl1-pP2
colicinEl1P3
fdvIII

lysC

metAP2

ompA

recA

uncl

consensus (1,0)
ada

ilvIH-P3

livd

plSprimer
pBR322primer
T7-D

Tn501mer
uvrB-P2

consensus (1,1)
gyrB
malPQ
trfB

3.199
3.018
3.232
4.085
3.488
3.916
3.365
4.085

3.138
3.162
3.073
3.152
3.177
3.361
2.858

2.967
3.041
3.357
3.097
3.280
3.251
3.357
3.139
3.222
2.895

3.440
2.899
3.688
3.125
3.306
3.630
3.762

3.178
2.937
3.341
3.341
3.157
2.810
2.911
3.073
3.121
3.072

2.633
2.785
2.975
3.292
3.191
3.128
2.840
3.209

4.057
2.876
4.214
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TTCAKWNTTKTYKTKRMRWWATGSNCYKGTTMWGGCTADACTRRAM
GAGTTCTTGAAGTAGTGGCCCGACTACGGCTACACTAGAAGGACA
TCTTTTTGATGCAATTCGCTTTGCTTCTGACTATAATAGACAGGG
AGTTTATGGTTCCAAAATCGCCTTTTGCTGTATATACTCACAGCA
AGTTTGTCTTGAAGTTATGCACCTGTTAAGGCTAAACTGAAAGAA
TCATATTCGTGTTGGATTATTCTGCATTTTTGGGGAGAATGGACT
AGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGA
CATATTTTTCTTGCARAGTTGGGTTGAGCTGGCTAGATTAGCCAG
AGTTTGTCTTGAAGTTATGCACCTGTTAAGGCTAAACTGAAAGAA

TTTTDWBWWIDYTTGHCATCWTHTHRKSAWYRDSYTATAMTGCCS
TTTGTCAAGACCTGTTATCGCACAATGATTCGGTTATACTGTTCG
TTCTCATGTTTGACAGCTTATCATCGATAAGCTTTAATGCGGTAG
AAAGAAGTCTTGAACTTTTCCGGGCATATAACTATACTCCCCGCA
AGGTTAATTGTAATGATTTTGTGAACAGCCTATACTGCCGCCAGT

TTATTTTTTCTACCCATATCCTTGAAGCGGTGTTATAATGCCGCG

TGTATATTTCTTGACACCTTTTCGGCATCGCCCTAAAATTCGGCG
CGTCTTTGTTTACGGTAATCGAACGATTATTCTTTAATCGCCAGC

AASGANNATGGGTTGACAHKRSSSSSCDAWVHCBBTATAATGCGC
GCCATTAAGTTGACTTTTAGCGCCCATATCTCCAGAATGCCGCCG
ATTAGGGGTTTACACGCCGCATCGGGATGTTTATAGTGCGCGTCA
AACGCGGGGTGACAAGGGCGCGCAAACCCTCTATACTGCGCGCCG
CAAGGAGGATGGAAAGAGGTTGCCGTATAAAGAAACTAGAGTCCG
GACATTAGGTTGACGAGATGTGCAGATTACGGTTTAATGCGCCCG
CTTGTAAGGATAGGAATAACCGCCGGAAGTCCGTATAATGCGCAG
AACGCGGGGTGACAAGGGCGCGCAAACCCTCTATACTGCGCGCCG
CGATGGGTTGCAATTAGCCGGGGCAGCAGTGATAATGCGCCTGCG
AAAAGAGGTTGACGCTGCAAGGCTCTATACGCATAATGCGCCCCG
TTTTTTAGT TGCATGAACTCGCATGTCTCCATAGAATGCGCGCTA

HHGNRWWTWHCDCTTGWCDHMHRGRGMGRAMTCCCTATAATGCGC

ATTAACTATTGACGAAAAGCTGAAAACCACTAGAATGCGCCTCCG

GTATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTG
ATTTCCTCTTGTCAGGCCGGAATAACTCCCTATAATGCGCCACCA

AATTCAGGGTTGACTCTGAAAGAGGAAAGCGTAATATACGCCACC
AAAAATACTTGTGCAAAAAATTGGGATCCCTATAATGCGCCTCCG
TTTTTCTATTGCGGCCTGCGGAGAACTCCCTATAATGCGCCTCCA
TTTTCCGCTTGTCTTCCTGAGCCGACTCCCTATAATGCGCCTCCA

ACGTAMHTHWYHBT TGWHAHNBTBHNAGCGSAYNKTATAATBKAA

ACGTAGACCTGTCTTATTGAGCTTTCCGGCGAGAGTTCAATGGGA
TCCTGACAGTTGTCACGCTGATTGGTGTCGTTACAATCTAACGCA
AACTTATTGTTTTAAAAGTCAAAGAGGATTTTATAATGGAAACCG
AACTTATTGTTTTAARAGTCAAAGAGGATTTTATAATGGAAACCG

ACAAATCTCCGTTGTACTTTGTITCGCGCTTGGTATAATCGCTGG
ACCCCATCGTTGACAACCGCCCCGCTCACCCTTTATTTATAAATG
AATTACCATTTTCTCTCCTTTTAGTCATTCTTATATTCTAACGTA
CCTGACGGAGTTCACACTTGTAAGTTTTCAACTACGTTGTAGACT

TACAAAACACTTGATACTGTATGAGCATACAGTATAATTGCTTCA
TACTTATTGTTTGAAATCACGGGGGCGCACCGTATAATTTGACCG

TMDAKDDWSTTVTTGAAWTMDTDTDKDWNTVVGBGTAAKYTDTWG
GATTGTTGGTTITTTGCGTGATGGTGACCGGGCAGCCTAAAGGCTA
GGATTAATTAAAAAAATAGAGAAATTGCTGTAAGTTGTGGGATTC
AARATAGCTATTCCAATATCATAAAAATCGGGATATGTTTTAGCA
TGATCTTCTTGAGATCGTTTTGGTCTGCGCGTAATCTCTTGCTTG
GGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTG
AGATAGGCGTTGACTTGATGGGTCTTTAGGTGTAGGCTTTAGGTG
ATATCGCTTGACTCCGTACATGAGTACGGAAGTAAGGTTACGCTA
ATATTATGGTGATGAACTGTTTTTTTATCCAGTATAATTTGTTGG

THGCWAAAKKYGWWGAYGTKYRMSRWRKRWWWRGS TAAAMTWMY S
AAAATTCGAAGATGTTTACCGTGGAAAAGGGTAAAATAACGGATT
CGCAGGATGAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATA
CTAAAGGTGTTGACGTGCGAGAAATGTTTAGCTAAACTTCTCTCA



consensus (1,2)
deo-P3

dnaA-1p

glnL

lacP2

trxA

consensus (1, 3)
malK
sdh-p2

consensus (1,4)
cat
CloDFcloacin
g-k-tnpA
glyA/geneX
R1RNAII
Tnl0xxxP1l

tyrT

tyrT/6

uvrD

consensus (2, 0)
argE-P2

his

lambdaPR’
spot42r

T7-2A3

T7A2

thr

uvrB-P1

consensus (2,1)
alas

gltA-Pl
lambdaPRE
Tn501merR
Tn5IR

consensus (2,2)
aralk
cit.,util-379
ilvIH-P2

lacPl

R100rna3

trpR

tyrT/77

consensus (2, 3)
araC

deo-P1l
ilvIH-P4

ompR

consensus (2, 4)
Fplas-traM
g-k~tnpR
gal-p2

groE

lacI

lambdaPI

motA

consensus (3,0)
ColEl-P1

pheA

ssb

trfA

tyrT/178

consensus (3,1)
argE-P1

deo-P2

T7-A1

3.339
3.010
3.371
3.244
3.130

4.187
4.073

3.010
2.793
3.176
3.020
2.949
2.773
3.535
3.828
3.245

3.031
2.931
3.140
3.177
3.043
2.979
2.869
3.277

3.127
3.241
3.536
3.400
3.0585

2.460
2.598
2.692
2.745
2.627
3.139
2.540

2.485
3.882
3.746
4.044

2.700
2.939
2.821
2.714
2.920
2.884
2.789

3.234
3.405
3.128
3.315
3.486

2.663
3.060
5.611
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TATCTMAHKCCTAACGCNBHHBMGGCGWAAEAMKBTAHACTGADC
CAACTGTCTATCGCCGTATCAGCGAATAACGGTATACTGATCTGA
GTAAATCGTGCCCGCCTCGCGGCAGGATCGTTTACACT TAGCGAG

TCTGATGCTTCGCGCTTTTTATCCGTAAAAAGCTATAATGCACTA
GAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCT
TACTATTGCTTTACGAAAGCGTATCCGGTGAAATAAAGTCAACTA

HNGGSSKSGAKKATKKRMRSCWTCTYCKKMWRAYKYATMRTSWGS
GGGTGGAGGATTTAAGCCATCTCCTGATGACGCATAGTCAGCCCA
CCGCGATTATGGGCAGCTTCTTCGTCAAATTTATCATGTGGGGCA

CTBAACDTAACASTTTACADYKBBGMGHHHHWTGATATAATNHGV
TGATCGGCACGTAAGAGGTTCCAACTTTCACCATAATGAAATAAG
ATATTGACACCTGAAAACTGGAGGAGTAAGGTAATAATCATACTG
TTAACAGCACTGTTTTTATGTGTGCGATAATTTATAATATTTCGG

AAAGAACCATTTACATTGCAGGGCTATTTTTTATAAGATGCATTT
AGTAAAGACTTTACTTTGTGGCGTAGCATGCTAGATTACTGATCG

AATTTTCTTGTTGATGATTTTTATTTCCATGATAGATTTAAAATA
ACGTAACACTTTACAGCGGCGCGTCATTTGATATGATGCGCCCCG

TTCTCAACGTAACACTTTACAGCGGCGCGTCATTTGATATGATGC
AATTTCCCGCTTGGCATCTCTGACCTCGCTGATATAATCAGCAAA

TRBHRAAWKKTVTTGMCDWMDWGAAGTAAAAHSDGTAAAGTTAAH
GCATCATTGCTTTGCGCTGAAACAGTCAAAGCGGTTATGTTCATA
AAAGTTCTTGCTTTCTAACGTGAAAGTGGTTTAGGT TAAAAGACA
GCATGATATTGACTTATTGAATAAAATTGGGTAAATTTGACTCAA
AAAAGTGCTTTCTGAACTGAACAAAAAAGAGTAAAGTTAGTCGCG
CAAAACGGTTGACAACATGAAGTAAACACGGTACGATGTACCACA
ACAGGTATTGACAACATGAAGTAACATGCAGTAAGATACAAATCG
AATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCA
GTATAATTTGTTGGCATAATTAAGTACGACGAGTAAAATTACATA

TYGBKNCKGTHCTTHSNAGTARMMAHCTDWAAKNRTWACSTTAHT
TACGGTATTTTACCTTCCCAGTCAAGAAAACTTATCTTATTCCCA
CATTCGGGACAGTTATTAGTGGTAGACAAGTTTAATAATTCGGAT
CCTCGTTGCGTTTGTTTGCACGAACCATATGTAAGTATTTCCTTA
TGCGCTTGTCCTTTCGAATTGAAATTGGATAGCGTAACCTTACTT
ATCTGATCTTCCATGTGACCTCCTAACATGGTAACGTTCATGATA

TYGCGMCBGAYBNDGACBDTTAWSCTBYRVTCHCGTAYDYTTTTA
CCGACCTGACACCTGCGTGAGTTGTTCACGTATTTTTTCACTATG
GCGGGGGTCTCAGGCGACTAACCCGCAAACTCTTACCTCTATACA
GGATTTTATCGTTTCTTTTCACCTTTCCTCCTGTTTATTCTTATT
CCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGA
CGGCTTACGCCGGGCTTCGGCGGTTTTACTCCTGTATCATATGAA
GTCGTTACTGATCCGCACGTTTATGATATGCTATCGTACTCTTTA
TTTAATCGCCAGCAAAAATAACTGGTTACCTTTAATCCGTTACGG

CGCCGWWTWAWTYGDAHWBTBWDGBYGYTBTDTDWTAGGATTHDW
ATCAATGTGGACTTTTCTGCCGTGATTATAGACACTTTTGTTACG
CGTTTTATTCGAACATCGATCTCGTCTTGTGTTAGAATTCTAACA
ATTTTATTCTGAATGTCTGGGCTCTCTATTTTAGGATTAATTAAA
TCGCCGAATAAATTGTATACTTAAGCTGCTGTTTAATATGCTTTG

CBYGMKWKAHVGTBBSRMRACTKTVCGWTNTDTBWTATVMTANCG

GGGTGCTGCTAGCGGCGCGGTGTGTTTTTTTATAGGATACCGCTA
ATTAACAATTTTGCAACCGTCCGAAATATTATAAATTATCGCACA

TTTATTCCATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTA

TTTTTCCCCCTTGAAGGGGCGAAGCCATCCCCATTTCTCTGGTCA
ATCGAATGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCG
TTTTCTTGCGTGTAATTGCGGAGACTTTGCGATGTACTTGACACT
AATCGCGCGTTAACGCCTGACGACTGAACATCCTGTCATGGTCAA

TGCSCAAHGBTCTTGACAGCGDDAMAAHHGTGBGGNTACWBTHAH
CCACAGTCTTGACAGGGAAAATGCAGCGGCGTAGCTTTTATGCTG
CGTTTTTTGTTGACAGCGTGAARACAGTACGGGTACTGTACTAAA
AAGCGCTATTGGTAATGGTACAATCGCGCGTTTACACTTATTCAG
TAAAGTTCTTGACAGCGGAACCAATGTTTAGCTAAACTAGAGTCT
TGCGCGCAGGTCGTGACGTCGAGAAAAACGTCTTAAGTCGTGCAC

TMVMAAAGAGTATTGACTTAAAGTCTAACCTATAGGATACTTACA
GGCTGGTGGGTTTTATTACGCTCAACGTTAGTGTATTTTTATTCA
ATGTGTATCGAAGTGTGTTGCGGAGTAGATGTTAGAATACTAACA
AAAGAGTATTGACTTAAAGTCTAACCTATAGGATACTTACAGCCA



consensus (3,2)
ilvGEDA
lambdaPRM

MuPe

sucAB

TTE

consensus (3, 3)
argF

aroF

ISlinsPR
Tnl0tetR*

consensus (3, 4)
carAB-P2

phiXD

pyrE-P2
Tnl0Pin
Tnl0xxxP3

tonB

uvrB-P3

consensus (4,0)
araBAD
Fpla-oriTpX
htpR-P1
lambdaPL
lambdaPo
lambdaPR

phiXA

tyrT/140

consensus (4,1)
cya

frdABCD

gal-P1l

gnd

metAP1

pfkB

T7-C

consensus (4,2)
aroG

colEl-B
colEl-C

lpp

micF

P22PR
R100RNAII

trp

trpP2

consensus (4, 3)
crp

gltA-P2
htpR~P2
htpR-P3
pColViron-P1
434PR

consensus (4, 4)
argCBH

hisA

P22PRM
pBR322bla
phiXB

pori-I
Pori-r
RSFprimer
Tnl0xxxP2
Tn2660bla-P3

3.023
3.507
3.287
3.236
3.205

3.116
3.043
3.106
5.732

2.998
3.147
3.058
3.054
2.801
3.080
2.942

2.900
3.046
2.821
3.132
2.985
3.270
3.101
2.889

3.067
3.245
3.270
2.916
2.825
3.118
3.071

3.033
3.745
3.638
3.219
2.934
3.192
3.046
2.886
3.291

3.295
3.222
3.990
3.812
3.351
3.259

2.971
3.463
2.980
3.430
2.996
2.886
2.962
3.074
3.438
3.430

YHRANAMGRWCTTTKAHAWTTACCCHTTMCDGTRATANMTTTWWA
AAATATCTTGTACTATTTACAAAACCTATGGTAACTCTTTAGGCA
GCACGGTGTTAGATATTTATCCCTTGCGGTGATAGATTTAACGTA
AARAGCACCTTTACATTAAGCTTTTCAGTAATTATCTTTTTAGTA
AGGAAATCTTTAARAAACTGCCCCTGACACTAAGACAGTTTTAAAA
TACGGATGATGATATTTACACATTACAGTGATATACTCAAGGCCA

CTNGATAGGGAGTGGTAAAATAACTCTATCAATGATAGAGTGTCA
AAATGGGGTTGCAAATGAATAATTACACATATAAAGTGAATTTTA
AAAATATGGATTGAAAACTTTACTTTATGTGTTATCGTTACGTCA
ATACCTTATGGTAATGACTCCAACTTATTGATAGTGTTTTATGTT
GATAGGGAGTGGTAAAATAACTCTATCAATGATAGAGTGTCAACA

BYCNTATTGADDWTGATARACATTBKGDWTTAWDATVGAADAVTG
CAGATTTGCATTGATTTACGTCATCATTGTGAATTAATATGCAAA
CTCTTGTTGACATTTTAAAAGAGCGTGGATTACTATCTGAGTCCG
GCGGTCATACTGCGGATCATAGACGTTCCTGTTTATAAAAGGAGA
AAGTTAAGGTGGATACACATCTTGTCATATGATCARATGGTTTICG
GATTTAAAATAACATACCGTCAGTATGTTTATGGTATCATGATGA
GTCTTGCCTTATTGAATATGATTGCTATTTGCATTTAAAATCGAG
TATCCACTATTCCTGTGGATAACCATGTGTAT TAGAGTTAGAAAA

TACCYGHCVSTDTTGACHVHWWYWBHWBWGTGKGTBWTHATGWTT
TCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATA

CCACCAACCTGTTGAGCCTTTTTGTGGAGTGGGTTAAATTATTTA
ACGCCACTTACGCCTGAATAATAARAAGCGTGTTATACTCTTITCCT
CTGGCGGTGTTGACATAAATACCACTGGCGGTGATACTGAGCACA

TGCCGAAGTTGAGTATTTTTGCTGTATTTGTCATAATGACTCCTG

CCGTGCGTGTTGACTATTTTACCTCTGGCGGTGATAATGGTTGCA
CCGTCAGGATTGACACCCTCCCAATTGTATGTTTTCATGCCTCCA

AGTCGTCACTATACAAAGTACTGGCACAGCGGGTCTTTGTTTACG

CAWGWWACWBWCTTBACRYTYWGWHAATDCBGTGGTADHYTBATH

GCATCTTTCTTTACGGTCAATCAGCAAGGTGTTAAATTGATCACG
GTCAAATTTCAGACTTATCGATCAGACTATACTGTTGTACCTATA
CATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTATTTCATA
ATAAGCTATTTATACTTTAATAAGTACTTTGTATACTTATTTGCG
ACATGCAGGCTCGACATTGGCAAATTTTCTGGTTATCTTCAGCTA

GTTAATTTCTTCACTTTCCGCTGATTCGGTGCCAGACTGAAATCA
ATAAGCAACTTGACGCAATGTTAATGGGCTGATAGTCTTATCTTA

MDAAAWAHMHHCTTGACWWWWAAWAMHATWAGTWAWARATTAAWR
AAAACCCCGTTTACACATTCTGACGGAAGATATAGATTGGAAGTA
TTATAAAATCCTCTTTGACTTTTAAAACAATAAGTTAAAAATAAA
AAATCCTCTTTGACTTTTAAAACAATAAGTTAAAAATAAATACTG
AAAAAATATTCTCAACATAAAAAACTTTGTGTAATACTITGTAACG
ATGGCGAAATAAGCACCTAACATCAAGCAATAATAATTCAAGGTT
TTAAATAAACTTGACTAAAGATTCCTTTAGTAGATAATTTAAGTG

TTACATTCTTGAGTGTTCAGAAGATTAGTGCTAGATTACTGATCG
ATGAGCTGTTGACAATTAATCATCGAACTAGTTAACTAGTACGCA

AAGAAAACCGTGACATTTTAACACGTTTGTTACAAGGTAAAGGCG

CTDDBAYWSAASTTGHBAAWAAAADYAHGKWNTGHKAAAAYAGTA
AGACACCAGGAGACACAAAGCGAAAGCTATGCTAAAACAGTCAGG
TGTTACAAACATTACCAGGAAAAGCATATAATGCGTAAAAGTTAT
AGCTTGCATTGAACTTGTGGATAAAATCACGGTCTGATAAAACAG
CATTGAACTTGTGGATAAAATCACGGTCTGATAAAACAGTGAATG
CAATTCTCAAGTTGATAATGAGAATCATTATTGACATAATTGTTA
ACTGTATTTGACAAACAAGATACATTGTATGAAAATACAAGAAAG

CTRCTHWWTAMATTGWDAADHAHMTY TVHTYATGATACMATAAAC
TTTTCATTGTTGACACACCTCTGGTCATGATAGTATCAATATTCA
ACTAATTAATAAATAGTTAATTAACGCTCATCATTGTACAATGAA
TATCTACTAAAGGAATCTTTAGTCAAGTTTATTTAAGATGACTTA
CTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTG
TAAATAGCTTGCAAAATACGTGGCCTTATGGTTACAGTATGCCCA
TGTTCAGTTTTTGAGTTGTGTATAACCCCTCATTCTGATCCCAGC
CGATCTGTATACTTATTTGAGTAAATTAACCCACGATCCCAGCCA
TAGCTGTTCGTTGACTTGATAGACCGATTGATTCATCATCTCATA
TGTTCTTAAGATTGTCACGACCACATCATCATGATACCATAAACA
CTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTG
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nb,=3,nb, =2

consensus {(0,0)
ada .
argE-pP2
carAB-P2
cit.util-379
colE110.13
dnaA-1p
groE

his
lambdaPI
NTP1rnalOO
pl5rnal
P22PRM
pheA
phiXD
RSFrnal
T7TA2
Tn501mer
tonB

trfA

trxA
tyrT/109

consensus (0,1)
alas
deo-P1
hisA
ilvIH-P4
Pori-~r
spotd2r
ssb

thr
TnlOtetR*
Tn501merR
Tn51IR
uvrB-P3

consensus (0, 2)
colEl1-B
colEl-C
ColEl-P1
crp

cya
frdABCD
gal-P1
gltA-P2
gnd
htpR-P1
htpR-P2
ilvGEDA
lambdaPR’
lambdaPRM
lpp

micF

MuPe
P22PR
pColViron-P1l
pfkB
R100RNAIT
T7-A1
T7-C

trp

trpP2
434PR

2.515
2.339
2.558
2.182
2.633
2.256
2.511
2.306
2.330
2.981
2.955
2.344
2.724
2.462
2.981
2.459
2.258
2.613
2.582
2.486
2.377

2.675
2.361
2.753
2.618
2.488
2.513
2.422
2.519
2.465
2.654
2.657
2.573

2.872
2.852
2.308
2.366
2.637
2.514
2.514
2.559
2.542
2.336
2.621
2.542
2.636
2.464
2.668
2.406
2.521
2.621
2.609
2.463
2.580
2.567
2.645
2.503
2.522
2.563
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NTTGNTHNTTVTTGAMGNNDBKHRNCMGBTHAVDY TAMWMTVDAA
GATTGTTGGTTTTTGCGTGATGGTGACCGGGCAGCCTAAAGGCTA
GCATCATTGCTTTGCGCTGAAACAGTCAARAGCGGTTATGTTCATA
CAGATTTGCATTGATTTACGTCATCATTGTGAATTAATATGCAAA
GCGGGGGTCTCAGGCGACTAACCCGCAAACTCTTACCTCTATACA
GAGTTCTTGAAGTAGTGGCCCGACTACGGCTACACTAGAAGGACA
GTAAATCGTGCCCGCCTCGCGGCAGGATCGTTTACACTTAGCGAG
TTTTTCCCCCTTGAAGGGGCGAAGCCATCCCCATTTCTCTGGTCA
AAAGTTCTTGCTTTCTAACGTGAAAGTGGTTTAGGTTAAAAGACA
TTTTCTTGCGTGTAATTGCGGAGACTTTGCGATGTACTTGACACT
AGTTTGTCTTGAAGTTATGCACCTGTTAAGGCTAAACTGAAAGAA
AGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGA
TATCTACTAAAGGAATCTTTAGTCAAGTTTATTTAAGATGACTTA
CGTTTTTTGTTGACAGCGTGAAAACAGTACGGGTACTGTACTAAA
CTCTTGTTGACATTTTAAAAGAGCGTGGATTACTATCTGAGTCCG
AGTTTGTCTTGAAGTTATGCACCTGTTAAGGCTAAACTGAAAGAA
ACAGGTATTGACAACATGAAGTAACATGCAGTAAGATACAAATCG
ATATCGCTTGACTCCGTACATGAGTACGGAAGTAAGGTTACGCTA
GTCTTGCCTTATTGAATATGATTGCTATTTGCATTTAARAATCGAG
TAAAGTTCTTGACAGCGGAACCAATGTTTAGCTAAACTAGAGTCT
TACTATTGCTTTACGAAAGCGTATCCGGTGAAATAAAGTCAACTA
CGTCTTTGTTTACGGTAATCGAACGATTATTCTTTAATCGCCAGC

CTGHATHWKWWHT T SHHDWDNWWVACHHAHTATNKTARAVTTHAW
TACGGTATTTTACCTTCCCAGTCAAGAAAACTTATCTTATTCCCA
CGTTTTATTCGAACATCGATCTCGTCTTGTGTTAGAATTCTAACA
ACTAATTAATAAATAGTTAATTAACGCTCATCATTGTACAATGAA
ATTTTATTCTGAATGTCTGGGCTCTCTATTTTAGGATTAATTAAA
CGATCTGTATACTTATTTGAGTAAATTAACCCACGATCCCAGCCA
AAAAGTGCTTTCTGAACTGAACAAAAAAGAGTAAAGTTAGTCGCG
AAGCGCTATTGGTAATGGTACAATCGCGCGTTTACACTTATTCAG
AATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCA
GATAGGGAGTGGTAAAATAACTCTATCAATGATAGAGTGTCAACA
TGCGCTTGTCCTTTCGAATTGAAATTGGATAGCGTAACCTTACTT
ATCTGATCTTCCATGTGACCTCCTAACATGGTAACGTTCATGATA
TATCCACTATTCCTGTGGATAACCATGTGTATTAGAGTTAGAAAA

CWWAHAAHVHHYTTGACWWWWAAHHHAHDNDGTGDTAAAHTWAWA
TTATAAAATCCTCTTTGACTTTTAAAACAATAAGTTAAAAATAAA
AAATCCTCTTTGACTTTTAAAACAATAAGTTAAAAATAAATACTG
CCACAGTCTTGACAGGGAAAATGCAGCGGCGTAGCTTTTATGCTG
AGACACCAGGAGACACAAAGCGAAAGCTATGCTAAAACAGTCAGG
GCATCTTTCTTTACGGTCAATCAGCAAGGTGTTAAATTGATCACG
GTCAAATTTCAGACTTATCGATCAGACTATACTGTTGTACCTATA
CATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTATTTCATA
TGTTACAAACATTACCAGGAAAAGCATATAATGCGTAAAAGTTAT
ATAAGCTATTTATACTTTAATAAGTACTTTGTATACTTATTTGCG
ACGCCACTTACGCCTGAATAATAAAAGCGTGTTATACTCTTTCCT
AGCTTGCATTGAACTTGTGGATAAAATCACGGTCTGATAAAACAG
AAATATCTTGTACTATTTACAAAACCTATGGTAACTCTTTAGGCA
GCATGATATTGACTTATTGAATAAARAATTGGGTAAATTTGACTCAA
GCACGGTGTTAGATATTTATCCCTTGCGGTGATAGATTTAACGTA
AAAAAATATTCTCAACATAAAAAACTTTGTGTAATACTTGTAACG
ATGGCGAAATAAGCACCTAACATCAAGCAATAATAATTCAAGGTT
AAAAGCACCTTTACATTAAGCTTTTCAGTAATTATCTTTTTAGTA
TTAAATAAACTTGACTAAAGATTCCTTTAGTAGATAATTTAAGTG
CAATTCTCAAGTTGATAATGAGAATCATTATTGACATAATTGTTA
GTTAATTTCTTCACTTTCCGCTGATTCGGTGCCAGACTGAAATCA
TTACATTCTTGAGTGTTCAGAAGATTAGTGCTAGATTACTGATCG
AAAGAGTATTGACTTAAAGTCTAACCTATAGGATACTTACAGCCA
ATAAGCAACTTGACGCAATGTTAATGGGCTGATAGTCTTATCTTA
ATGAGCTGTTGACAATTAATCATCGAACTAGTTAACTAGTACGCA
AAGAARACCGTGACATTTTAACACGTTTGTTACAAGGTARAGGCG
ACTGTATTTGACAAACAAGATACATTGTATGAAAATACAAGARAAG



consensus (1,0)
arak
Fplas-traM
g-~k-tnpR
gal-P2
ilvIH-P2
lacp2
PBR322bla
pPBR322P4
phiXB
pyrE-P2
Tn2660bla-P3
tyrT/140

consensus (1,1)
aceEF
argCBH
argE-P1
aroG
ilvIH~P3
lacPl
livyg
ompR
sdh-P2
spc
sucAB

consensus (1,2)
araC

argF
Fpla-oriTpX
gyrB

htpR-P3
lambdaPRE
malPQ
plSprimer
pPBR322primer
T7-D

T7E

Tnl0Pin

trfB

trpR

uvrB-P1l

consensus (2,0)
ampC

araBAD

cat
CloDFcloacin
ColEl1-P2
colicinElP3
deo-P3
£fdVIII
gltA-P1l
glyA/geneX
leultRNA
lysC

metAP2

motA

ompA
R1RNATI
recA
rrnABP1
rrnDEXP2
rrnD~-P1
rrnE-Pl
rrnXl
TnlOxxxP1l
tyrT

tyrT/6
tyrT/77
uncI

uvrD

2.709
2.288
2.345
2.706
2.399
2.363
2.810
2.571
2.763
2.361
2.810
2.264

2.495
2.347
3.363
3.425
2.244
2.565
2.561
3.756
2.290
3.233
2.380

2.433
2.583
2.896
2.703
2.498
2.714
2.506
2.774
2.822
2.672
2.721
2.558
2.816
2.656
2.816

2.523
2.252
2.476
2.533
2.774
2.774
2.315
2.694
2.211
2.605
2.592
2.455
2.580
2.042
2.633
2.540
2.713
2.849
2.579
2.568
2.701
2.806
2.555
2.942
3.036
2.220
2.837
2.834

NBGHNDAHHNCHTKYARMDNHBBDTCSNBTYWTKDTWYAATATGC
CCGACCTGACACCTGCGTGAGTTGTTCACGTATTTTTTCACTATG
GGGTGCTGCTAGCGGCGCGGTGTGTTTTTTTATAGGATACCGCTA
ATTAACAATTTTGCAACCGTCCGAAATATTATAAATTATCGCACA
TTTATTCCATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTA
GGATTTTATCGTTTCTTTTCACCTTTCCTCCTGTTTATTCTTATT
GAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCT
CTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTG
GTATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTIG
TAAATAGCTTGCAAAATACGTGGCCTTATGGTTACAGTATGCCCA
GCGGTCATACTGCGGATCATAGACGTTCCTGTTTATAAAAGGAGA
CTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTG
AGTCGTCACTATACAAAGTACTGGCACAGCGGGTCTTTGTTTACG

CCGDATDNHBBGTWTHCWTAHBCTBAHGGHDRDTDTABWWTGVHD
ACGTAGACCTGTCTTATTGAGCTTTCCGGCGAGAGTTCAATGGGA
TTTTCATTGTTGACACACCTCTGGTCATGATAGTATCAATATTCA
GGCTGGTGGGTTTTATTACGCTCAACGTTAGTGTATTTTTATTCA
AAAACCCCGTTTACACATTCTGACGGAAGATATAGATTGGAAGTA
GGATTAATTAAAAAAATAGAGAAATTGCTGTAAGTTGTGGGATTC
CCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGA
AAAATAGCTATTCCAATATCATAAAAATCGGGATATGTTTTAGCA
TCGCCGAATAAATTGTATACTTAAGCTGCTGTTTAATATGCTTTG
CCGCGATTATGGGCAGCTTCTTCGTCAAATTTATCATGTGGGGCA

TTATTTTTTCTACCCATATCCTTGAAGCGGTGTTATAATGCCGCG

AGGAAATCTTTAAAAACTGCCCCTGACACTAAGACAGTTTTAAAA

TCGHDRADBDTGTTGABATNNWHNDWKTMNWNGGRTAAACTNWHG
ATCAATGTGGACTTTTCTGCCGTGATTATAGACACTTTTGTTACG
AAATGGGGTTGCAAATGAATAATTACACATATAAAGTGAATTTTA
CCACCAACCTGTTGAGCCTTTTTGTGGAGTGGGTTAAATTATTTA
AAAATTCGAAGATGTTTACCGTGGAAAAGGGTAAAATAACGGATT
CATTGAACTTGTGGATAAAATCACGGTCTGATAAAACAGTGAATG
CCTCGTTGCGTTTGTTTGCACGAACCATATGTAAGTATTTCCTTA
CGCAGGATGAGGAAGGTCAACATCGAGCCTGGCARACTAGCGATA
TGATCTTCTTGAGATCGTTTTGGTCTGCGCGTAATCTCTTGCTTG
GGATCTTCTTGAGATCCTTTTTTITCTGCGCGTAATCTGCTGCTTG
AGATAGGCGTTGACTTGATGGGTCTTTAGGTGTAGGCTTTAGGTG
TACGGATGATGATATTTACACATTACAGTGATATACTCAAGGCCA
AAGTTAAGGTGGATACACATCTTGTCATATGATCAAATGGTTTCG
CTAAAGGTGTTGACGTGCGAGAAATGTTTAGCTAAACTTCTCTCA
GTCGTTACTGATCCGCACGTTTATGATATGCTATCGTACTCTTTA
GTATAATTTGTTGGCATAATTAAGTACGACGAGTAAAATTACATA

CBRAAHTTHAYASTTKWCANHNNNDDVBNRNWYSNTATAATGCGM
TCCTGACAGTTGTCACGCTGATTGGTGTCGTTACAATCTAACGCA
TCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATA
TGATCGGCACGTAAGAGGTTCCAACTTTCACCATAATGAAATAAG
ATATTGACACCTGAAAACTGGAGGAGTAAGGTAATAATCATACTG
AACTTATTGTTTTAAAAGTCAAAGAGGATTTTATAATGGAAACCG
AACTTATTGTTTTAAAAGTCAAAGAGGATTTTATAATGGAAACCG
CAACTGTCTATCGCCGTATCAGCGAATAACGGTATACTGATCTGA
ACAAATCTCCGTTGTACTTTGTTTCGCGCTTGGTATAATCGCTGG
CATTCGGGACAGTTATTAGTGGTAGACAAGTTTAATAATTCGGAT
AAAGAACCATTTACATTGCAGGGCTATTTTTTATAAGATGCATTT
ATTAACTATTGACGAAAAGCTGAAAACCACTAGAATGCGCCTCCG
ACCCCATCGTTGACAACCGCCCCGCTCACCCTTTATTTATAAATG
AATTACCATTTTCTCTCCTTTTAGTCATTCTTATATTCTAACGTA
AATCGCGCGTTAACGCCTGACGACTGAACATCCTGTCATGGTCAA
CCTGACGGAGTTCACACTTGTAAGTTTTCAACTACGTTGTAGACT
AGTAAAGACTTTACTTTGTGGCGTAGCATGCTAGATTACTGATCG
TACAAAACACTTGATACTGTATGAGCATACAGTATAATTGCTTCA
ATTTCCTCTTGTCAGGCCGGAATAACTCCCTATAATGCGCCACCA
AATTCAGGGTTGACTCTGAAAGAGGAAAGCGTAATATACGCCACC
AAAAATACTTGTGCAAAAAATTGGGATCCCTATAATGCGCCTCCG
TTTTTCTATTGCGGCCTGCGGAGAACTCCCTATAATGCGCCTCCA
TTTTCCGCTTGTCTTCCTGAGCCGACTCCCTATAATGCGCCTCCA
AATTTTCTTGTTGATGATTTTTATTTCCATGATAGATTTAAAATA
ACGTAACACTTTACAGCGGCGCGTCATTTGATATGATGCGCCCCG
TTCTCAACGTAACACTTTACAGCGGCGCGTCATTTGATATGATGC
TTTAATCGCCAGCAAAAATAACTGGTTACCTTTAATCCGTTACGG
TACTTATTGTTTGAAATCACGGGGGCGCACCGTATAATTTGACCG
AATTTCCCGCTTGGCATCTCTGACCTCGCTGATATAATCAGCAAA



consensus (2,1)
aroF

fax

glnl,
IS51insPR
lacI
lambdaPo
lex

malkK
ompC
pori-I
rpoA
Tnl0OxxxP3
tufB
uvrB-p2

consensus (2,2)
carAB-P1
deo-P2
divE
g-k~tnpA
glyA
lambdaPL
lambdaPR
Mlrna
malEFG
metAPl
pBR322tet
phelU
phiXA
pyrE-P1
R100rna3
R100RNAT
rnp (RNaseP)
rrn4.55
RSFprimer
sdh-P1
str
supB-E
T7-A3
TnlOxxxP2
tyrT/178

nb, =4, nb; =2

consensus {(0,0)
araBAD

cat
g-k—-tnpA
g-k-tnpR
gal-p2
gltA-Pl
glyA/geneX
lacP1l
phiXD
R1RNAIT
rech

tyrT
tyrT/6

consensus (0,1)
argE-P1

aroF
CloDFcloacin
ilvIH-P3
ilvIH-P4
IS1insPR

lacI

Tnl0xxxP1l

2.634
2.567
2.474
2.608
2.267
2.583
2.525
2.231
2.900
2.266
2.607
2.591
2.430
2.616

2.468
2.279
2.570
2.434
2.557
2.638
2.549
2.824
2.191
2.563
2.675
2.792
2.605
2.686
2.208
2.550
2.824
2.634
2.432
2.528
2.720
2.643
2.699
2.657
2.320

2.700
2.613
2.947
2.820
2.654
2.697
2.993
2.866
3.042
2.767
2.909
3.406
3.598

2.907
3.378
2.928
2.496
3.112
3.082
2.997
3.188

128

YTTAWAWTDWNGWTBBAWADHTNTKYNTDDHNNNNTATAATRRNB
AAAATATGGATTGAAAACTTTACTTTATGTGTTATCGTTACGTCA
TCTTTTTGATGCAATTCGCTTTGCTTCTGACTATAATAGACAGGG
TCTGATGCTTCGCGCTTTTTATCCGTAAAAAGCTATAATGCACTA
ATACCTTATGGTAATGACTCCAACTTATTGATAGTGTTTTATGTT
ATCGAATGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCG
TGCCGAAGTTGAGTATTTTTGCTGTATTTGTCATAATGACTCCTG
AGTTTATGGTTCCAAAATCGCCTTTTGCTGTATATACTCACAGCA
GGGTGGAGGATTTAAGCCATCTCCTGATGACGCATAGTCAGCCCA
TCATATTCGTGTTGGATTATTCTGCATT TTTGGGGAGAATGGACT
TGTTCAGTTTTTGAGTTGTGTATAACCCCTCATTCTGATCCCAGC
CATATTTTTCTTGCAAAGTTGGGTTGAGCTGGCTAGATTAGCCAG
GATTTAAAATAACATACCGTCAGTATGTTTATGGTATCATGATGA
TTTTTTAGTTGCATGAACTCGCATGTCTCCATAGAATGCGCGCTA
ATATTATGGTGATGAACTGTTTTTTTATCCAGTATAATTTGTTGG

TWDBNMNRNGGGTTGACAHBDYNNVVNNADYHNBYTATAATGCGC
GCCATTAAGTTGACTTTTAGCGCCCATATCTCCAGAATGCCGCCG
ATGTGTATCGAAGTGTGTTGCGGAGTAGATGTTAGAATACTAACA
ATTAGGGGTTTACACGCCGCATCGGGATGTTTATAGTGCGCGTCA
TTAACAGCACTGTTTTTATGTGTGCGATAATTTATAATATTTCGG
TTTGTCAAGACCTGTTATCGCACAATGATTCGGTTATACTGTTCG
CTGGCGGTGTTGACATAAATACCACTGGCGGTGATACTGAGCACA
CCGTGCGTGTTGACTATTTTACCTCTGGCGGTGATAATGGTTGCA
AACGCGGGGTGACAAGGGCGCGCAAACCCTCTATACTGCGCGCCG
CAAGGAGGATGGAAAGAGGTTGCCGTATAAAGAAACTAGAGTCCG
ACATGCAGGCTCGACATTGGCAAATTTTCTGGTTATCTTCAGCTA
TTCTCATGTTTGACAGCTTATCATCGATAAGCTTTAATGCGGTAG
GACATTAGGTTGACGAGATGTGCAGATTACGGTTTAATGCGCCCG
CCGTCAGGATTGACACCCTCCCAATTGTATGTTTTCATGCCTCCA
CTTGTAAGGATAGGAATAACCGCCGGAAGTCCGTATAATGCGCAG
CGGCTTACGCCGGGCTTCGGCGGTTTTACTCCTGTATCATATGAA
AAAGAAGTCTTGAACTTTTCCGGGCATATAACTATACTCCCCGCA
AACGCGGGGTGACAAGGGCGCGCAAACCCTCTATACTGCGCGCCG
CGATGGGTTGCAATTAGCCGGGGCAGCAGTGATAATGCGCCTGCG
TAGCTGTTCGTTGACTTGATAGACCGATTGATTCATCATCTCATA
AGGTTAATTGTAATGATTTTGTGAACAGCCTATACTGCCGCCAGT
TGTATATTTCTTGACACCTTTTCGGCATCGCCCTAAAATTCGGCG
AAAAGAGGTTGACGCTGCAAGGCTCTATACGCATAATGCGCCCCG
CAAAACGGTTGACAACATGAAGTAAACACGGTACGATGTACCACA
TGTTCTTAAGATTGTCACGACCACATCATCATGATACCATAAACA
TGCGCGCAGGTCGTGACGTCGAGAAAAACGTCTTAAGTCGTGCAC

CYCWACDDAACACTTTAYANYGBHGSGNHATWTKATATRWTDYBG
TCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATA
TGATCGGCACGTAAGAGGTTCCAACTTTCACCATAATGAAATAAG
TTAACAGCACTGTTTTTATGTGTGCGATAATTTATAATATTTCGG
ATTAACAATTTTGCAACCGTCCGAAATATTATAAATTATCGCACA
TTTATTCCATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTA
CATTCGGGACAGTTATTAGTGGTAGACAAGTTTAATAATTCGGAT
AAAGAACCATTTACATTGCAGGGCTATTTTTTATAAGATGCATTT
CCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGA
CTCTTGTTGACATTTTAAAAGAGCGTGGATTACTATCTGAGTCCG
AGTAAAGACTTTACTTTGTGGCGTAGCATGCTAGATTACTGATCG
TACAAAACACTTGATACTGTATGAGCATACAGTATAATTGCTTCA
ACGTAACACTTTACAGCGGCGCGTCATTTGATATGATGCGCCCCG
TTCTCAACGTAACACTTTACAGCGGCGCGTCATTTGATATGATGC

STKAAWTTWATKVYKSAWAAYTTTWSTYTNTATKTWATVATHAHD
GGCTGGTGGGTTTTATTACGCTCAACGTTAGTGTATTTTTATTCA
AAAATATGGATTGAAAACTTTACTTTATGTGTTATCGTTACGTCA
ATATTGACACCTGAAAACTGGAGGAGTAAGGTAATAATCATACTG
GGATTAATTAAAAAAATAGAGAAATTGCTGTAAGTTGTGGGATTC
ATTTTATTCTGAATGTCTGGGCTCTCTATTTTAGGATTAATTAAA
ATACCTTATGGTAATGACTCCAACTTATTGATAGTGTTTTATGTT

ATCGAATGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCG

AATTTTCTTGTTGATGATTTTTATTTCCATGATAGATTTAAAATA



. . consensus (0,2)

fdx

lambdaPo

lex

ompC .
pColViron-~P1l
pyrE-pP2
rpoA
Tnl0Pin
uvrB-pP2
uvrB-P3

consensus (0, 3)
argCBH
colE110.13
gyrB

hisA

htpR-P2
htpR-P3
NTPlrnalOQO
ompR

plSrnal
pBR322bla
RSFrnal
sucAB
TnlOtetR*
Tn2660bla-P3

consensus (1,0)
ampC
ColEl1-P2
colicinElP3
fadvIII
ilvIH-P2
lysC

metAP2

ompA
P22PRM
sdh-P2

uncI

uvrD

consensus (1,1)
arak
cit.util-379
malK

trxA

consensus (1,2)
ada

crp

deo-P1

deo-pP2
Fplas-traM
malPQ
TnlOxxxP3

consensus (1, 3)
araC
Fpla~-oriTpX
lambdaPL
lambdaPR
lambdaPRM
plSprimer
pBR322primer
ssb

T7E

tonB

2.960
2.855
2.870
3.227
3.195
2.829
3.104
2.867
3.056
2.976

2.677
2.905
2.656
3.132
2.817
3.220
3.479
2.815
3.422
3.145
3.479
2.972
2.855
3.145

2.800
3.136
3.136
2.927
2.783
2.669
2.894
2.998
2.540
2.560
2.885
2.849

3.598
2.184
3.423
3.412

2.412
2.563
2.847
2.847
2.701
2.496
2.657

2.621
2.927
3.014
3.066
2.896
3.025
2.991
2.808
2.833
3.215

SYMATATTNHKGTTGAWAAHYDBTBTTDTWHTKGATAKAATDGHY
TCTTTTTGATGCAATTCGCTTTGCTTCTGACTATAATAGACAGGG
TGCCGAAGTTGAGTATTTTTGCTGTATTTGTCATAATGACTCCTG

AGTTTATGGTTCCAARATCGCCTTTTGCTGTATATACTCACAGCA
TCATATTCGTGTTGGATTATTCTGCATTTTTGGGGAGAATGGACT
CAATTCTCAAGTTGATAATGAGAATCATTATTGACATAATTGTTA

GCGGTCATACTGCGGATCATAGACGTTCCTGTTTATAAAAGGAGA
CATATTTTTCTTGCAAAGTTGGGTTGAGCTGGCTAGATTAGCCAG
AAGTTAAGGTGGATACACATCTTGTCATATGATCAAATGGTTTCG
ATATTATGGTGATGAACTGTTTTTTTATCCAGTATAATTTGTTGG
TATCCACTATTCCTGTGGATAACCATGTGTATTAGAGTTAGAAAA

SCAADDAAKTCDTGRADWWATGCMBCKGHTAAKGATACAVTGAAA

129

TTTTCATTGTTGACACACCTCTGGTCATGATAGTATCAATATTCA
GAGTTCTTGAAGTAGTGGCCCGACTACGGCTACACTAGAAGGACA

AAAATTCGAAGATGTTTACCGTGGAAAAGGGTAAAATAACGGATT
ACTAATTAATAAATAGTTAATTAACGCTCATCATTGTACAATGAA
AGCTTGCATTGAACTTGTGGATAAAATCACGGTCTGATAAAACAG
CATTGAACTTGTGGATAAAATCACGGTCTGATAAAACAGTGAATG
AGTTTGTCTTGAAGTTATGCACCTGTTAAGGCTAAACTGAAAGAA
TCGCCGAATAAATTGTATACTTAAGCTGCTGTTTAATATGCTTTG
AGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAARACTGAAAGGA
CTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTG
AGTTTGTCTTGAAGTTATGCACCTGTTAAGGCTAAACTGAAAGAA
AGGAAATCTTTAAAAACTGCCCCTGACACTAAGACAGTTTTAAAA
GATAGGGAGTGGTAAAATAACTCTATCAATGATAGAGTGTCAACA
CTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTG

ACGGAMYTYAYNGTTGNHAWCYTBNWHGHSSWTBKTATAATCTDA
TCCTGACAGTTGTCACGCTGATTGGTGTCGTTACAATCTAACGCA
AACTTATTGTTTTAAAAGTCAAAGAGGATTTTATAATGGAAACCG
AACTTATTGTTTTAAAAGTCAAAGAGGATTTTATAATGGAAACCG

ACAAATCTCCGTTGTACTTTGTTTCGCGCTTGGTATAATCGCTGG
GGATTTTATCGTTTCTTTTCACCTTTCCTCCTGTTTATTCTTATT
ACCCCATCGTTGACAACCGCCCCGCTCACCCTTTATTTATAAATG
AATTACCATTTTCTCTCCTTTTAGTCATTCTTATATTCTAACGTA
CCTGACGGAGTTCACACTTGTAAGTTTTCAACTACGTTGTAGACT
TATCTACTAAAGGAATCTTTAGTCAAGTTTATTTAAGATGACTTA
CCGCGATTATGGGCAGCTTCTTCGTCAAATTTATCATGTGGGGCA
TACTTATTGTTTGAAATCACGGGGGCGCACCGTATAATTTGACCG
AATTTCCCGCTTGGCATCTCTGACCTCGCTGATATAATCAGCAAA

ACCKGAYDVHTGMTTTAVGHVWTCDYVTVHTGWBDMATWAWGWSM
CCGACCTGACACCTGCGTGAGTTGTTCACGTATTTTTTCACTATG
GCGGGGGTCTCAGGCGACTAACCCGCAAACTCTTACCTCTATACA
GGGTGGAGGATTTAAGCCATCTCCTGATGACGCATAGTCAGCCCA
TACTATTGCTTTACGAAAGCGTATCCGGTGAAATAAAGTCAACTA

BYNMGRTKBWWSGDRAYRBNSWGYGDGTDWBHTGDTAGAATAVHG
GATTGTTGGTTTTTGCGTGATGGTGACCGGGCAGCCTAAAGGCTA
AGACACCAGGAGACACAAAGCGAAAGCTATGCTAAAACAGTCAGG
CGTTTTATTCGAACATCGATCTCGTCTTGTGTTAGAATTCTAACA
ATGTGTATCGAAGTGTGTTGCGGAGTAGATGTTAGAATACTAACA
GGGTGCTGCTAGCGGCGCGGTGTGTTTTTTTATAGGATACCGCTA
CGCAGGATGAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATA
GATTTAAAATAACATACCGTCAGTATGTTTATGGTATCATGATGA

GYCNYGHBSTTGTTGABATTDWINCHDTNBGCGGWTAHACTBDWG
ATCAATGTGGACTTTTCTGCCGTGATTATAGACACTTTTGTTACG
CCACCAACCTGTTGAGCCTTTTTGTGGAGTGGGTTAAATTATTTA
CTGGCGGTGTTGACATAAATACCACTGGCGGTGATACTGAGCACA
CCGTGCGTGTTGACTATTTTACCTCTGGCGGTGATAATGGTTGCA
GCACGGTGTTAGATATTTATCCCTTGCGGTGATAGATTTAACGTA
TGATCTTCTTGAGATCGTTTTGGTCTGCGCGTAATCTCTTGCTTG
GGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTG
AAGCGCTATTGGTAATGGTACAATCGCGCGTTTACACTTATTCAG
TACGGATGATGATATTTACACATTACAGTGATATACTCAAGGCCA
GTCTTGCCTTATTGAATATGATTGCTATTTGCATTTAAAATCGAG



consensus (2,0)
aceEF
carAB-pP2
deo-P3
glnL
leultRNA
pBR322P4
pori-I
rrnABP1
rrnDEXP2
rrnD-P1
rrnE-pP1
rrnX1l

consensus (2,1)
dnaA-1p
R100rna3

spc

tyrT/109
tyrT/77

consensus (2,2)
htpR-P1
lambdaPRE
Tn501mer

trpR

tyrT/178

consensus (2, 3)
aroG

cya
gltA-p2
gnd

MuPe

pfkB
R100RNAIY
T7-C

T7-D

trfB

trp

trpP2

consensus (3,0)
carAB-P1
divE

Mlrna
malEFG
pheU
pyrE-P1
R100RNAI
rnp (RNaseP)
rrn4.5s
sdh-P1

str

supB-E
tufB

consensus (3,1)
glyA

groE
lacP2
lambdaPI
metAP1
motA
pBR322tet
phiXa
RSFprimer
T7-A3
Tnl0xxxP2
tyrT/140

2.645
2.556
2.898
2.876
2.976
2.513
2.350
3.214
2.688
2.790
3.179
3.172

2.728
2.862
3.009
2.973
2.909

2.664
3.144
2.718
3.084
3.304

2.824
2.841
2.824
2.843
2.71177
2.818
2.766
2.960
2.700
2.939
2.711
2.754

2.904
2.832
3.213
2.985
3.100
3.107
3.031
3.213
3.017
2.811
3.017
3.046
2.808

2.727
2.562
2.579
2.712
2.782
2.427
2.720
2.685
2.615
2.632
3.047
2.499

130

ACKCADWTTHCKMTTGHBDNAHDDNNNNRAMHCVSTATAATGCGC
ACGTAGACCTGTCTTATTGAGCTTTCCGGCGAGAGTTCAATGGGA
CAGATTTGCATTGATTTACGTCATCATTGTGAATTAATATGCAAA
CAACTGTCTATCGCCGTATCAGCGAATAACGGTATACTGATCTGA
TCTGATGCTTCGCGCTTTTTATCCGTAAAAAGCTATAATGCACTA
ATTAACTATTGACGAAAAGCTGAARAACCACTAGAATGCGCCTCCG
GTATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTG
TGTTCAGTTTTTGAGTTGTGTATAACCCCTCATTCTGATCCCAGC
ATTTCCTCTTGTCAGGCCGGAATAACTCCCTATAATGCGCCACCA
AATTCAGGGTTGACTCTGAAAGAGGAAAGCGTAATATACGCCACC
AAAAATACTTGTGCAAAAAATTGGGATCCCTATAATGCGCCTCCG
TTTTTCTATTGCGGCCTGCGGAGAACTCCCTATAATGCGCCTCCA
TTTTCCGCTTGTCTTCCTGAGCCGACTCCCTATAATGCGCCTCCA

HCKBVTTWHWTCKNSCBCNAAHCKHDCNRBKAHBBTWTAATCBBN
GTAAATCGTGCCCGCCTCGCGGCAGGATCGTTTACACTTAGCGAG
CGGCTTACGCCGGGCTTCGGCGGTTTTACTCCTGTATCATATGAA
TTATTTTTTCTACCCATATCCTTGAAGCGGTGTTATAATGCCGCG
CGTCTTTGTTTACGGTAATCGAACGATTATTCTTTAATCGCCAGC
TTTAATCGCCAGCAAAAATAACTGGTTACCTTTAATCCGTTACGG

TSGDYRCAKNTCNTGACKBCDWNMAWAWGBHMKBAWDTHCTBHWH
ACGCCACTTACGCCTGAATAATAAAAGCGTGTTATACTCTTTCCT
CCTCGTTGCGTTTGTTTGCACGAACCATATGTAAGTATTTCCTTA
ATATCGCTTGACTCCGTACATGAGTACGGAAGTAAGGTTACGCTA
GTCGTTACTGATCCGCACGTTTATGATATGCTATCGTACTCTTTA
TGCGCGCAGGTCGTGACGTCGAGAAAAACGTCTTAAGTCGTGCAC

GTTAWWAAVNTSTTGACDNWHHRNNAATKWDGWKNTARAY TDAWV
AAAACCCCGTTTACACATTCTGACGGAAGATATAGATTGGAAGTA
GCATCTTTCTTTACGGTCAATCAGCAAGGTGTTAAATTGATCACG

TGTTACAAACATTACCAGGAAAAGCATATAATGCGTAAAAGTTAT
ATAAGCTATTTATACTTTAATAAGTACTTTGTATACTTATTTGCG
AAAAGCACCTTTACATTAAGCTTTTCAGTAATTATCTTTTTAGTA
GTTAATTTCTTCACTTTCCGCTGATTCGGTGCCAGACTGAAATCA
TTACATTCTTGAGTGTTCAGAAGATTAGTGCTAGATTACTGATCG
ATAAGCAACTTGACGCAATGTTAATGGGCTGATAGTCTTATCTTA
AGATAGGCGTTGACTTGATGGGTCTTTAGGTGTAGGCTTTAGGTG
CTAAAGGTGTTGACGTGCGAGAAATGTTTAGCTAAACTTCTCTCA
ATGAGCTGTTGACAATTAATCATCGAACTAGTTAACTAGTACGCA
AAGAAAACCGTGACATTTTAACACGTTTGTTACAAGGTAAAGGCG

AABGWANATGGGTTGAMAHKDBYBSSSVAWVHMYCTATAMTGCGC
GCCATTAAGTTGACTTTTAGCGCCCATATCTCCAGAATGCCGCCG
ATTAGGGGTTTACACGCCGCATCGGGATGTTTATAGTGCGCGTCA
AACGCGGGGTGACAAGGGCGCGCAAACCCTCTATACTGCGCGCCG
CAAGGAGGATGGAAAGAGGTTGCCGTATAAAGAAACTAGAGTCCG
GACATTAGGTTGACGAGATGTGCAGATTACGGTTTAATGCGCCCG
CTTGTAAGGATAGGAATAACCGCCGGAAGTCCGTATAATGCGCAG
AAAGAAGTCTTGAACTTTTCCGGGCATATAACTATACTCCCCGCA
AACGCGGGGTGACAAGGGCGCGCAAACCCTCTATACTGCGCGCCG
CGATGGGTTGCAATTAGCCGGGGCAGCAGTGATAATGCGCCTGCG
AGGTTAATTGTAATGATTTTGTGAACAGCCTATACTGCCGCCAGT
TGTATATTTCTTGACACCTTTTCGGCATCGCCCTAAAATTCGGCG
AAAAGAGGTTGACGCTGCAAGGCTCTATACGCATAATGCGCCCCG
TTTTTTAGTTGCATGAACTCGCATGTCTCCATAGAATGCGCGCTA

BWGTTYTCASGNTWGACABYVCVRAMWCWWYABGHTWTMATGNDC
TTTGTCAAGACCTGTTATCGCACAATGATTCGGTTATACTGTTCG
TTTTTCCCCCTTGAAGGGGCGAAGCCATCCCCATTTCTCTGGTCA
GAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCT
TTTTCTTGCGTGTAATTGCGGAGACTTTGCGATGTACTTGACACT
ACATGCAGGCTCGACATTGGCAAATTTTCTGGTTATCTTCAGCTA
AATCGCGCGTTAACGCCTGACGACTGAACATCCTGTCATGGTCAA
TTCTCATGTTTGACAGCTTATCATCGATAAGCTTTAATGCGGTAG
CCGTCAGGATTGACACCCTCCCAATTGTATGTTTTCATGCCTCCA
TAGCTGTTCGTTGACTTGATAGACCGATTGATTCATCATCTCATA
CAAAACGGTTGACAACATGAAGTAAACACGGTACGATGTACCACA
TGTTCTTAAGATTGTCACGACCACATCATCATGATACCATAAACA
AGTCGTCACTATACAARAGTACTGGCACAGCGGGTCTTTGTTTACG



consensus (3,2)
alas
argE-P2
ColEl1-P1
frdABCD
gal-P1l
pheA
phiXB
Pori-r
Tn501merR
TnS5IR

consensus (3, 3)
argF
colEl-B
colEl-C
his
11vGEDA
lambdaPR’
livg

lpp

micF
P22PR
spot42r
T7-Al
T7A2

thr

trfA
uvrB-P1
434PR

nb, = 5, nb, = 2

consensus (0,0)
divE

Mlrna

malEFG

pheU

pyrE-P1

rnp (RNaseP)
rrn4.5S

supB-E

tufB

consensus (0,1)
carAB-P1l

fdx

gyrB

ompC

R100RNAI

rpoA

sdh-~P1

str

consensus (0, 2)
deo-P2
Fpla-oriTpX
malPQ
pl5Sprimer
PBR322primer
R100RNAIIX

T7-D

trfB

uvrB-P2

consensus (0, 3)
crp

recA

ssb

T7-C

Tn501lmer

trp

tyrT/140

2.758
2.685
2.742
2.748
2.738
2.799
2.652
2.473
2.919
2.633

2.630
3.200
3.078
2.645
2.677
2.940
2.784
3.051
2.603
2.870
2.885
2.883
2.695
2.671
2.781
2.968
2.728

3.114
3.479
3.182
3.259
3.394
3.479
3.221
3.235
2.873

3.084
3.245
2.960
3.348
3.377
3.524
3.035
3.325

2.739
3.158
2.637
3.166
3.250
2.891
2.898
3.061
3.356

2.930
3.399
2.877
3.001
2.794
2.868
2.983
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CDGHDYWHWDHYTTVMVADNNWARWNAYANTATBGTWACYTTAHT
TACGGTATTTTACCTTCCCAGTCAAGAAAACTTATCTTATTCCCA
GCATCATTGCTTTGCGCTGAAACAGTCAAAGCGGTTATGTTCATA
CCACAGTCTTGACAGGGAAAATGCAGCGGCGTAGCTTTTATGCTG
GTCAAATTTCAGACTTATCGATCAGACTATACTGTTGTACCTATA
CATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTATTTCATA
CGTTTTTTGTTGACAGCGTGAAAACAGTACGGGTACTGTACTAAA
TAAATAGCTTGCAAAATACGTGGCCTTATGGTTACAGTATGCCCA
CGATCTGTATACTTATTTGAGTAAATTAACCCACGATCCCAGCCA
TGCGCTTGTCCTTTCGAATTGAAATTGGATAGCGTAACCTTACTT
ATCTGATCTTCCATGTGACCTCCTAACATGGTAACGTTCATGATA

MDAAAAAWGTTHT TGACWWHWWAHAYWAHNWDKDDTAAADWTAAA
AAATGGGGTTGCAAATGAATAATTACACATATAAAGTGAATTTTA
TTATAAAATCCTCTTTGACTTTTAAAACAATAAGTTAAAAATAAA
AAATCCTCTTTGACTTTTAAAACAATAAGTTAAAAATAAATACTG
AAAGTTCTTGCTTTCTAACGTGAAAGTGGTTTAGGTTAAAAGACA
AAATATCTTGTACTATTTACAAAACCTATGGTAACTCTTTAGGCA
GCATGATATTGACTTATTGAATAAAATTGGGTAAATTTGACTCAA
AAAATAGCTATTCCAATATCATAAARATCGGGATATGTTTTAGCA
AAAAAATATTCTCAACATAAAAAACTTTGTGTAATACTTGTAACG
ATGGCGAAATAAGCACCTAACATCAAGCAATAATAATTCAAGGTT
TTAAATAAACTTGACTAAAGATTCCTTTAGTAGATAATTTAAGTG
AAAAGTGCTTTCTGAACTGAACAAAAAAGAGTAAAGTTAGTCGCG
AAAGAGTATTGACTTAAAGTCTAACCTATAGGATACTTACAGCCA
ACAGGTATTGACAACATGAAGTAACATGCAGTAAGATACAAATCG
AATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCA
TAAAGTTCTTGACAGCGGAACCAATGTTTAGCTAAACTAGAGTCT
GTATAATTTGTTGGCATAATTAAGTACGACGAGTAAAATTACATA
ACTGTATTTGACAAACAAGATACATTGTATGAAAATACAAGAAAG

AASGANNABGGGTTGAMAHDRSCSSSCDAWVHMBBTATAATGCGC
ATTAGGGGTTTACACGCCGCATCGGGATGTTTATAGTGCGCGTCA
AACGCGGGGTGACAAGGGCGCGCAAACCCTCTATACTGCGCGCCG

CAAGGAGGATGGAAAGAGGTTGCCGTATAAAGAAACTAGAGTCCG
GACATTAGGTTGACGAGATGTGCAGATTACGGTTTAATGCGCCCG
CTTGTAAGGATAGGAATAACCGCCGGAAGTCCGTATAATGCGCAG
AACGCGGGGTGACAAGGGCGCGCAAACCCTCTATACTGCGCGCCG
CGATGGGTTGCAATTAGCCGGGGCAGCAGTGATAATGCGCCTGCG
AAAAGAGGTTGACGCTGCAAGGCTCTATACGCATAATGCGCCCCG
TTTTTTAGTTGCATGAACTCGCATGTCTCCATAGAATGCGCGCTA

HTYRWADWTTWSTTGAAATKT TBYGBGSAWMWGVCTADAATRSCS
GCCATTAAGTTGACTTTTAGCGCCCATATCTCCAGAATGCCGCCG
TCTTTTTGATGCAATTCGCTTTGCTTCTGACTATAATAGACAGGG
AAAATTCGAAGATGTTTACCGTGGAAAAGGGTAARATAACGGATT
TCATATTCGTGTTGGATTATTCTGCATTTTTGGGGAGAATGGACT
AAAGAAGTCTTGAACTTTTCCGGGCATATAACTATACTCCCCGCA
CATATTTTTCTTGCAAAGTTGGGTTGAGCTGGCTAGATTAGCCAG
AGGTTAATTGTAATGATTTTGTGAACAGCCTATACTGCCGCCAGT
TGTATATTTCTTGACACCTTTTCGGCATCGCCCTAAAATTCGGCG

TATMKNADSKTGTTGAGNTBY TWKWTBTHKNVGGSTAAWYTDYTG
ATGTGTATCGAAGTGTGTTGCGGAGTAGATGTTAGAATACTAACA

CCACCAACCTGTTGAGCCTTTTTGTGGAGTGGGTTAAATTATTTA
CGCAGGATGAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATA
TGATCTTCTTGAGATCGTTTTGGTCTGCGCGTAATCTCTTGCTTG
GGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTG
TTACATTCTTGAGTGTTCAGAAGATTAGTGCTAGATTACTGATCG
AGATAGGCGTTGACTTGATGGGTCTTTAGGTGTAGGCTTTAGGTG
CTAAAGGTGTTGACGTGCGAGAAATGTTTAGCTAAACTTCTCTCA

ATATTATGGTGATGAACTGTTTTTTTATCCAGTATAATTTGTTGG

TRTADACRYCACTWGACACWGWAYDADCGYACKGDWWMAHTDDTH
AGACACCAGGAGACACAAAGCGAAAGCTATGCTAAAACAGTCAGG
TACAAAACACTTGATACTGTATGAGCATACAGTATAATTGCTTCA
AAGCGCTATTGGTAATGGTACAATCGCGCGTTTACACTTATTCAG
ATAAGCAACTTGACGCAATGTTAATGGGCTGATAGTCTTATCTTA
ATATCGCTTGACTCCGTACATGAGTACGGAAGTAAGGTTACGCTA
ATGAGCTGTTGACAATTAATCATCGAACTAGTTAACTAGTACGCA
AGTCGTCACTATACAAAGTACTGGCACAGCGGGTCTTTGTTTACG



consensus (0, 4)
argF
aroG
colEl-B
colEl=C
gltA-P2
gnd
ilvIH~P3
livd

lpp

micF
T7-A3
trpP2

consensus (1,0)
leultRNA
PBR322P4
rrnABP1
rrnDEXP2
rrnD-P1
rrnE-pP1l

rrnX1l

uncI

consensus (1,1)
deo-P3
glnL

consensus (1,2)
aceEF

araC

glyA

lambdaPL
lambdaPR

TTE

consensus (1, 3)
ColEl-P1
tyrT/178

consensus (1, 4)
his

lambdaPR’
P22PR

thr

trfA

uvrB-P1l

434PR

consensus (2,0)
glyA/geneX
lacPl

malkK

motA

RI1RNAII

tyr?T

tyrT/6

uvrD

consensus (2,1)
aroF

faviIi
g-k-tnpA
gal~P2

ompR

consensus (2,2)
dnaA-l1p
ilvIH-P2
ISlinsPR
lambdaPo
PpBR322tet
phiXa

R100rna3

2.853
2.781
3.486
3.220
2.889
2.899
2.689
3.181
2.993
2.881
2.811
2.875

3.303
2.798
3.482
2.983
3.087
3.486
3.493
3.235

3.145
5.866

2.951
2.789
3.037
3.385
3.350
3.044

4.205
4.756

3.007
3.306
3.254
3.001
3.215
3.351
3.038

3.121
3.300
2.806
2.979
3.015
3.800
3.921
3.064

3.129
3.360
3.026
3.273
3.529

2.604
2.997
2.919
2.730
3.021
3.220
2.883

TGWAAAAAVCNVTTNMHAWHWTAAAAHAAWHDGTGTAARDTDWAT
AAATGGGGTTGCAAATGAATAATTACACATATAAAGTGAATTTTA
AAAACCCCGTTTACACATTCTGACGGAAGATATAGATTGGAAGTA
TTATAARATCCTCTTTGACTTTTAAAACAATAAGTTAAAAATAAA
AAATCCTCTTTGACTTTTAAAACAATAAGTTAAAAATAAATACTG
TGTTACAAACATTACCAGGAAAAGCATATAATGCGTAAAAGTTAT
ATAAGCTATTTATACTTTAATAAGTACTTTGTATACTTATTTGCG
GGATTAATTAAAAAAATAGAGAAATTGCTGTAAGTTGTGGGATTC
AAAATAGCTATTCCAATATCATAAAAATCGGGATATGTTTTAGCA
AAAAAATATTCTCAACATAAAAAACTTTGTGTAATACTTGTAACG
ATGGCGAAATAAGCACCTAACATCAAGCAATAATAATTCAAGGTT
CAAAACGGTTGACAACATGAAGTAAACACGGTACGATGTACCACA
AAGAAAACCGTGACATTTTAACACGTTTGTTACAAGGTAAAGGCG

CNCYAWTTWHCDMTTGHCDHMHVGRGVGRAMWCCSTATAATGCGC

ATTAACTATTGACGAAAAGCTGAAAACCACTAGAATGCGCCTCCG

GTATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTG
ATTTCCTCTTGTCAGGCCGGAATAACTCCCTATAATGCGCCACCA

AATTCAGGGTTGACTCTGAAAGAGGAAAGCGTAATATACGCCACC
AAAAATACTTGTGCAAAAAATTGGGATCCCTATAATGCGCCTCCG
TTTTTCTATTGCGGCCTGCGGAGAACTCCCTATAATGCGCCTCCA
TTTTCCGCTTGTCTTCCTGAGCCGACTCCCTATAATGCGCCTCCA

TACTTATTGTTTGAAATCACGGGGGCGCACCGTATAATTTGACCG

YDTCTGATGCTTCGCGCTTTTTATCCGTAAAAAGCTATAATGCAC
CAACTGTCTATCGCCGTATCAGCGAATAACGGTATACTGATCTGA
TCTGATGCTTCGCGCTTTTTATCCGTARAAAGCTATAATGCACTA

CKTHBRYSDGTGTTGWYWWTTHTACMKBWGDBGGWKATACTGDWB
ACGTAGACCTGTCTTATTGAGCTTTCCGGCGAGAGTTCAATGGGA
ATCAATGTGGACTTTTCTGCCGTGATTATAGACACTTTTGTTACG
TTTGTCAAGACCTGTTATCGCACAATGATTCGGTTATACTGTTCG
CTGGCGGTGTTGACATAAATACCACTGGCGGTGATACTGAGCACA
CCGTGCGTGTTGACTATTTTACCTCTGGCGGTGATAATGGTTGCA
TACGGATGATGATATTTACACATTACAGTGATATACTCAAGGCCA

TGCGCSMMRGTCKTGACRKSGARAAWRMMGY SKYRWRKCKTKYAY
CCACAGTCTTGACAGGGAAAATGCAGCGGCGTAGCTTTTATGCTG
TGCGCGCAGGTCGTGACGTCGAGARAARACGTCTTAAGTCGTGCAC

YRKTAAAWGWWCTTGACWWADDAAAYWAWDWKKAKTWAAWTWAAA

AAAGTTCTTGCTTTCTAACGTGAAAGTGGTTTAGGT TAAAAGACA
GCATGATATTGACTTATTGAATAAAATTGGGTAAATTTGACTCAA

TTAAATAAACTTGACTAAAGATTCCTTTAGTAGATAATTTAAGTG
AATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCA
TAAAGTTCTTGACAGCGGAACCAATGTTTAGCTAAACTAGAGTCT

GTATAATTTGTTGGCATAATTAAGTACGACGAGTAAAATTACATA
ACTGTATTTGACAAACAAGATACATTGTATGAAAATACAAGAALG

CBMRASTTAACRCTTTACRBYKBCGCSTCATDTGATATRATVMGC
AAAGAACCATTTACATTGCAGGGCTATTTTTTATAAGATGCATTT
CCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGA
GGGTGGAGGATTTAAGCCATCTCCTGATGACGCATAGTCAGCCCA
AATCGCGCGTTAACGCCTGACGACTGAACATCCTGTCATGGTCAA
AGTAAAGACTTTACTTTGTGGCGTAGCATGCTAGATTACTGATCG
ACGTAACACTTTACAGCGGCGCGTCATTTGATATGATGCGCCCCG
TTCTCAACGTAACACTTTACAGCGGCGCGTCATTTGATATGATGC
AATTTCCCGCTTGGCATCTCTGACCTCGCTGATATAATCAGCAAA

CGMHWAATANCANKTGWAHHHTKTCTBCTRTTTGTTATRMTHTBK
AAAATATGGATTGAAAACTTTACTTTATGTGTTATCGTTACGTCA
ACAAATCTCCGTTGTACTTTGTTTCGCGCTTGGTATAATCGCTGG
TTAACAGCACTGTTTTTATGTGTGCGATAATTTATAATATTTCGG
TTTATTCCATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTA
TCGCCGAATAAATTGTATACTTAAGCTGCTGTTTAATATGCTTTG

TTWHYGYCADKBTTGMCAGY TTHHCDHCWGTATGTTWTAATSHBT
GTAAATCGTGCCCGCCTCGCGGCAGGATCGTTTACACTTAGCGAG
GGATTTTATCGTTTCTTTTCACCTTTCCTCCTGTTTATTCTTATT
ATACCTTATGGTAATGACTCCAACTTATTGATAGTGTTTTATGTT
TGCCGAAGTTGAGTATTTTTGCTGTATTTGTCATAATGACTCCTG
TTCTCATGTTTGACAGCTTATCATCGATAAGCTTTAATGCGGTAG
CCGTCAGGATTGACACCCTCCCAATTGTATGTTTTCATGCCTCCA
CGGCTTACGCCGGGCTTCGGCGGTTTTACTCCTGTATCATATGARA
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consensus (2, 3)
argE-P2

cya

pfkB

spc

consensus (2, 4)
alas

frdABCD

gal-Pl

ilvGEDA

MuPe

T7-A1

TnS5IR

trpR

uvrB-pP3

consensus (3,0)
araBAD

cat
cit.util-379
CloDFcloacin
metAP2

ompA

consensus (3,1)
htpR-P1
tyrT/77

consensus (3,2)
Fplas-traM
g-k-tnpR

lacI

lambdaPI
RSFprimer
TnlOPin

consensus (3, 3)
spot42r
Tn501imerR

consensus (3,4)
deo-P1
ilvIH-P4

lacP2
lambdaPRM
Pori-r
TnlOxxxP1l

consensus (4,0)
ampC

arak

argE-Pl
ColE1-P2
colicinElP3
gltAa-pP1l

lysC

metAP1
pColViron-Pl
sdh-p2

consensus (4,1)
carAB-P2

grol

lambdaPRE
pYrE-p2
Tnl0xxxP3
tyrT/109

2.684
4.427
3.116
4.581

3.016
2.944
3.094
2.945
2.852
2.964
2.729
3.174
2.7173

3.231
2.857
2.975
3.076
3.054
3.008

2.891
5.433

3.098
3.154
3.074
3.104
3.196
3.164

2.971
5.998

3.002
3.224
2.7217
3.045
2.888
3.144

2.948
2.888
2.781
3.140
3.140
2.856
2.709
2.641
2.747
2.831

3.028
3.112
2.964
2.931
2.917
3.254
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YTTKMWTYTTTCTWYMCRKWYMMTYRRMRMGGTGT TAWAWTGMY S

GCATCATTGCTTTGCGCTGAAACAGTCAAAGCGGTTATGTTCATA
GCATCTTTCTTTACGGTCAATCAGCAAGGTGTTAAATTGATCACG
GTTAATTTCTTCACTTTCCGCTGATTCGGTGCCAGACTGAAATCA
TTATTTTTTCTACCCATATCCTTGAAGCGGTGTTATAATGCCGCG

CAGWWWHBAAYCTTCMCDTTNADVHHAWCCTATVGTAHHBT TWWA
TACGGTATTTTACCTTCCCAGTCAAGAAAACTTATCTTATTCCCA
GTCAAATTTCAGACTTATCGATCAGACTATACTGTTGTACCTATA

CATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTATTTCATA

AAATATCTTGTACTATTTACAAAACCTATGGTAACTCTTTAGGCA
AAAAGCACCTTTACATTAAGCTTTTCAGTAATTATCTTTTTAGTA
AAAGAGTATTGACTTAAAGTCTAACCTATAGGATACTTACAGCCA
ATCTGATCTTCCATGTGACCTCCTAACATGGTAACGTTCATGATA
GTCGTTACTGATCCGCACGTTTATGATATGCTATCGTACTCTTTA
TATCCACTATTCCTGTGGATAACCATGTGTATTAGAGT TAGAARA

NSGGANBTVASACKTKHHANCBKTHAACTYHWTBNWATAHTCAWA
TCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATA
TGATCGGCACGTAAGAGGTTCCAACTTTCACCATAATGAAATAAG
GCGGGGGTCTCAGGCGACTAACCCGCAAACTCTTACCTCTATACA
ATATTGACACCTGAAAACTGGAGGAGTAAGGTAATAATCATACTG
AATTACCATTTTCTCTCCTTTTAGTCATTCTTATATTCTAACGTA
CCTGACGGAGTTCACACTTGTAAGTTTTCAACTACGTTGTAGACT

YYNDNTTTAATCGCCAGCAAAAATAACTGGTTACCTTTAATCCGT
ACGCCACTTACGCCTGAATAATAAAAGCGTGTTATACTCTTTCCT
TTTAATCGCCAGCAAAAATAACTGGTTACCTTTAATCCGTTACGG

CTKGAGTKHAASTNGNKAVACCKTKYGHTDTATKATANRATABCG
GGGTGCTGCTAGCGGCGCGGTGTGTTTTTTTATAGGATACCGCTA
ATTAACAATTTTGCAACCGTCCGAAATATTATAAATTATCGCACA
ATCGAATGGCGCAARACCTTTCGCGGTATGGCATGATAGCGCCCG
TTTTCTTGCGTGTAATTGCGGAGACTTTGCGATGTACTTGACACT
TAGCTGTTCGTTGACTTGATAGACCGATTGATTCATCATCTCATA
AAGTTAAGGTGGATACACATCTTGTCATATGATCAAATGGTTTICG

YTGCGCTTGTCCTTTCGAATTGAAATTGGATAGCGTAACCTTACT
AAAAGTGCTTTCTGAACTGAACAAAAAAGAGTAAAGTTAGTCGCG
TGCGCTTGTCCTTTCGAATTGAAATTGGATAGCGTAACCTTACTT

CTGGATWTTWT TYWSACWTWHWKCWCYYYCGRTGHTAGAHTTAAH
CGTTTTATTCGAACATCGATCTCGTCTTGTGTTAGAATTCTAACA
ATTTTATTCTGAATGTCTGGGCTCTCTATTTTAGGATTAATTAAA
GAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCT
GCACGGTGTTAGATATTTATCCCTTGCGGTGATAGATTTAACGTA
CGATCTGTATACTTATTTGAGTAAATTAACCCACGATCCCAGCCA
AATTTTCTTGTTGATGATTTTTATTTCCATGATAGATTTAAAATA

SYMKNCBTKAYWRTKGBMADNGTTADHSWNGWHT TWWTHATSKRA
TCCTGACAGTTGTCACGCTGATTGGTGTCGTTACAATCTAACGCA
CCGACCTGACACCTGCGTGAGTTGTTCACGTATTTTTTCACTATG
GGCTGGTGGGTTTTATTACGCTCAACGTTAGTGTATTTTTATTCA
AACTTATTGTTTTAAAAGTCAAAGAGGATTTTATAATGGAAACCG
AACTTATTGTTTTAAAAGTCAAAGAGGATTTTATAATGGAAACCG
CATTCGGGACAGTTATTAGTGGTAGACAAGTTTAATAATTCGGAT
ACCCCATCGTTGACAACCGCCCCGCTCACCCTTTATTTATAAATG
ACATGCAGGCTCGACATTGGCAAATTTTCTGGTTATCTTCAGCTA
CAATTCTCAAGTTGATAATGAGAATCATTATTGACATAATTGTTA
CCGCGATTATGGGCAGCTTCTTCGTCAAATTTATCATGTGGGGCA

TYBBSNTTGWWWDYGSGAATCMWWBDSNWTTHHTHTGDTAAMADG
CAGATTTGCATTGATTTACGTCATCATTGTGAATTAATATGCAAA
TTTTTCCCCCTTGAAGGGGCGAAGCCATCCCCATTTCTCTGGTCA

CCTCGTTGCGTTTGTTTGCACGAACCATATGTAAGTATTTCCTTA
GCGGTCATACTGCGGATCATAGACGTTCCTGTTTATAAAAGGAGA
GATTTAAAATAACATACCGTCAGTATGTTTATGGTATCATGATGA
CGTCTTTGTTTACGGTAATCGAACGATTATTCTTTAATCGCCAGC



consensus (4,2)

htpR-P2
htpR-P3
phed
phiXB-
phiXD
pori-I
T7A2
TnlOxxxP2
tonB

consensus (4, 3)

argCBH

hisA

P22PRM
PBR322bla
TnlOtetR*
Tn2660bla-pP3

consensus (4,4)

ada
colE110.13
lex
NTPlrnalOQ
plS5rnal
RSFrnal
sucAB
trxA

nb, = 6, nb; = 2

consensus (0, 0)

g-k-~tnpA
g-~k-tnpR
glyA/geneX
RIRNAII
tyrT
tyrT/6

consensus (0,1)

aroF
i11vIH-P4
lacI

consensus (0,2)

lambdaPo
pPBR322bla
pyrE-P2
Tn2660bla-P3

consensus (0, 3)

fdx
lambdaPL
lambdaPR
ompC
rpoA

consensus (0, 4)

pyrE-P1l
rrn4.5S
sdh~-P1
tufB

consensus (0,5)

leultRNA
rrnABP1
rrnDEXP2
rrnD-P1
rrnE-P1
rrnX1
uncI

3.547
3.374
3.056
2.843
3.144
3.015
3.239
3.136
2.885

3.393
4.082
2.843
4.149
3.454
4.149

3.127
3.363
3.100
4.128
4.033
4.128
3.168
3.072

3.814
3.505
3.583
3.466
4.150
4.340

4.051
3.772
3.835

3.614
4.717
3.690
4.717

3.539
3.614
3.710
4.157
3.725

4.219
3.757
3.544
3.736

3.626
3.871
3.487
3.532
3.815
3.903
3.645

YTKKTNTTGAVMTTGTGAADAAMMHNGSRKTATGATHHHAVWMTS
AGCTTGCATTGAACTTGTGGATAAAATCACGGTCTGATAAAACAG
CATTGAACTTGTGGATAAAATCACGGTCTGATAAAACAGTGAATG
CGTTTTTTGTTGACAGCGTGAAAACAGTACGGGTACTGTACTAAA
TAAATAGCTTGCAARATACGTGGCCTTATGGTTACAGTATGCCCA
CTCTTGTTGACATTTTAAAAGAGCGTGGATTACTATCTGAGTCCG
TGTTCAGTTTTTGAGTTGTGTATAACCCCTCATTCTGATCCCAGC
ACAGGTATTGACAACATGAAGTAACATGCAGTAAGATACAAATCG
TGTTCTTAAGATTGTCACGACCACATCATCATGATACCATAAACA
GTCTTGCCTTATTGAATATGATTGCTATTTGCATTTAAAATCGAG

CTAVTWAATAMATKBWAAHATRHMTCYGCTCATGAKASAATRAMH
TTTTCATTGTTGACACACCTCTGGTCATGATAGTATCAATATTCA
ACTAATTAATAAATAGTTAATTAACGCTCATCATTGTACAATGAA
TATCTACTAAAGGAATCTTTAGTCAAGTTTATTTAAGATGACTTA
CTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTG
GATAGGGAGTGGTAAAATAACTCTATCAATGATAGAGTGTCAACA
CTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTG

ATTAGTWDDTCTTKAAGWAATGSVCCBGTKAAGGMTAAASTSAAA
GATTGTTGGTTTTTGCGTGATGGTGACCGGGCAGCCTAAAGGCTA
GAGTTCTTGAAGTAGTGGCCCGACTACGGCTACACTAGAAGGACA
AGTTTATGGTTCCAAAATCGCCTTTTGCTGTATATACTCACAGCA
AGTTTGTCTTGAAGTTATGCACCTGTTAAGGCTAAACTGAAAGAA
AGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGA
AGTTTGTCTTGAAGTTATGCACCTGTTAAGGCTAAACTGAAAGAA
AGGAAATCTTTAAAAACTGCCCCTGACACTAAGACAGTTTTAAAA
TACTATTGCTTTACGAAAGCGTATCCGGTGAAATAAAGTCAACTA

TYAACDDAACACTTTACAKYGGYGCGHHATWTKATAWRWTRYBSM
TTAACAGCACTGTTTTTATGTGTGCGATAATTTATAATATTTCGG
ATTAACAATTTTGCAACCGTCCGAAATATTATAAATTATCGCACA
AAAGAACCATTTACATTGCAGGGCTATTTTTTATAAGATGCATTT
AGTAAAGACTTTACTTTGTGGCGTAGCATGCTAGATTACTGATCG
ACGTAACACTTTACAGCGGCGCGTCATTTGATATGATGCGCCCCG
TTCTCAACGTAACACTTTACAGCGGCGCGTCATTTGATATGATGC

YVAAWHTWWTGVTGVAWAWCTTTDCTYTVTATGT TATGATWAMGT
AAAATATGGATTGAAAACTTTACTTTATGTGTTATCGTTACGTCA
ATTTTATTCTGAATGTCTGGGCTCTCTATT TTAGGATTAATTAAA
ATCGAATGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCG

TCMTAMHKAVRTTCAAADATGTWBCYGYTYATGAGABAATAACYC
TGCCGAAGTTGAGTATTTTTGCTGTATTTGTCATAATGACTCCTG
CTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTG
GCGGTCATACTGCGGATCATAGACGTTCCTGTTTATAARAGGAGA
CTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTG

TCMTRTTBKTGTTGMMWWWHTBWBYWCTKBTGGBKAKAATGGACA
TCTTTTTGATGCAATTCGCTTTGCTTCTGACTATAATAGACAGGG
CTGGCGGTGTTGACATAAATACCACTGGCGGTGATACTGAGCACA
CCGTGCGTGTTGACTATTTTACCTCTGGCGGTGATAATGGTTGCA
TCATATTCGTGTTGGATTATTCTGCATTTTTGGGGAGAATGGACT
CATATTTTTCTTGCAAAGTTGGGTTGAGCTGGCTAGATTAGCCAG

TCTTNKDTKRRTTGBAATDABYBBSGGAASHVCNTATAATGCGCV
CTTGTAAGGATAGGAATAACCGCCGGAAGTCCGTATAATGCGCAG
CGATGGGTTGCAATTAGCCGGGGCAGCAGTGATAATGCGCCTGCG
AGGTTAATTGTAATGATTTTGTGAACAGCCTATACTGCCGCCAGT
TTTTTTAGTTGCATGAACTCGCATGTCTCCATAGAATGCGCGCTA

RCTAWTTWHYKCTTGWSDHCMMGRGRGRAMWCCCTATAATGCGCC
ATTAACTATTGACGAAAAGCTGAAAACCACTAGAATGCGCCTCCG
ATTTCCTCTTGTCAGGCCGGAATAACTCCCTATAATGCGCCACCA

AATTCAGGGTTGACTCTGAAAGAGGAAAGCGTAATATACGCCACC
AAAAATACTTGTGCAAAAAATTGGGATCCCTATAATGCGCCTCCG
TTTTTCTATTGCGGCCTGCGGAGAACTCCCTATAATGCGCCTCCA
TTTTCCGCTTGTCTTCCTGAGCCGACTCCCTATAATGCGCCTCCA

TACTTATTGTTTGARATCACGGGGGCGCACCGTATAATTTGACCG
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135

consensus (1,0) SGAANTTNMCABTTGNHAWYTTTYANCTYMATGWWATAHTCADAM
cat 3.145 TGATCGGCACGTAAGAGGTTCCAACTTTCACCATAATGAAATAAG
CloDFcloacin 3.208 ATATTGACACCTGAAAACTGGAGGAGTAAGGTAATAATCATACTG
metAP2 3.316 AATTACCATTTTCTCTCCTTTTAGTCATTCTTATATTCTAACGTA
ompA - 3.266 CCTGACGGAGTTCACACTTGTAAGTTTTCAACTACGTTGTAGACT
TnlOxxxP1l 3.519 AATTTTCTTGTTGATGATTTTTATTTCCATGATAGATTTAAAATA
uvrD 3.659 AATTTCCCGCTTGGCATCTCTGACCTCGCTGATATAATCAGCAAA
consensus (1,1) YACWAMTMTYSSTTKWMSWWWGYKTMKCSSKTGRWATAAWSKCWR

fdvIIT 4.482 ACAAATCTCCGTTGTACTTTGTTTCGCGCTTGGTATAATCGCTGG

trxA 4,224 TACTATTGCTTTACGAAAGCGTATCCGGTGAAATAAAGTCAACTA
consensus (1,2) CAMWNHKSAWGTGGAWAAHCAWCWTBAHNAATGATADAATDGYDA
malPQ 3.150 CGCAGGATGAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATA
pColViron-P1l 3.854 CAATTCTCAAGTTGATAATGAGAATCATTATTGACATAATTGTTA
Tnl0Pin 3.430 AAGTTAAGGTGGATACACATCTTGTCATATGATCAAATGGTTTCG
Tnl0tetR¥* 3.430 GATAGGGAGTGGTAAAATAACTCTATCAATGATAGAGTGTCAACA
uvrB-P3 3.412 TATCCACTATTCCTGTGGATAACCATGTGTATTAGAGTTAGAAAA
consensus (1,3) THMMAARKWSGAWGRWRWKWRSYKKS SRWAWRRRKAAAMTARMGK

gyrB 3.987 AAAATTCGAAGATGTTTACCGTGGARAAGGGTAAAATAACGGATT
malEFG 4.005 CAAGGAGGATGGAAAGAGGTTGCCGTATAAAGAAACTAGAGTCCG
consensus (1, 4) GCVAAVWDDHBWTGAMYTTWWSMGSGMATAWMDSTATAMTGMYSB
carAB-P1l 3.812 GCCATTAAGTTGACTTTTAGCGCCCATATCTCCAGAATGCCGCCG
deo-P3 3.776 CAACTGTCTATCGCCGTATCAGCGAATAACGGTATACTGATCTGA

glnL 2.856 TCTGATGCTTCGCGCTTTTTATCCGTAAAAAGCTATAATGCACTA
R100RNAI 4.083 AAAGAAGTCTTGAACTTTTCCGGGCATATAACTATACTCCCCGCA
consensus (1,5) GHGAAHDBRGGKTGACRMGGBSGSGCDAWHHCTBTATAMTGCGCS

divE 3.685 ATTAGGGGTTTACACGCCGCATCGGGATGTTTATAGTGCGCGTCA
Mlrna 4.262 AACGCGGGGTGACAAGGGCGCGCAAACCCTCTATACTGCGCGCCG
pheU 3.745 GACATTAGGTTGACGAGATGTGCAGATTACGGTTTAATGCGCCCG

rnp (RNaseP) 4.262 AACGCGGGGTGACAAGGGCGCGCAAACCCTCTATACTGCGCGCCG
supB-E 3.739 AAAAGAGGTTGACGCTGCAAGGCTCTATACGCATAATGCGCCCCG
consensus (2,0) CATWMCTTATHGTTKWMAMASTCAAAGMKGWTNTTWTAATGGARA
ampC 3.482 TCCTGACAGTTGTCACGCTGATTGGTGTCGTTACAATCTAACGCA
argE-P2 3.712 GCATCATTGCTTTGCGCTGAAACAGTCAAAGCGGTTATGTTCATA
ColEl1-P2 4.386 AACTTATTGTTTTAAAAGTCAAAGAGGATTTTATAATGGAAACCG
colicinElP3 4.386 AACTTATTGTTTTAAAAGTCAAAGAGGATTTTATAATGGAAACCG
lysC 3.303 ACCCCATCGTTGACAACCGCCCCGCTCACCCTTTATTTATAAATG
consensus {2,1) BANWTTTTCATTGTTGACACACCTCTGGTCATGATAGTATCAATA
argCBH 5.630 TTTTCATTGTTGACACACCTCTGGTCATGATAGTATCAATATTCA
consensus (2, 2) TARTAWWKAAVIWGTGAAWWAAVTCWCGTTMTGATAAMABARTGA
crp 2.987 AGACACCAGGAGACACAAAGCGAAAGCTATGCTAAAACAGTCAGG
hisA 3.335 ACTAATTAATAAATAGTTAATTAACGCTCATCATTGTACAATGAA
htpR-P2 3.724 AGCTTGCATTGAACTTGTGGATAAAATCACGGTCTGATAAAACAG
htpR-P3 3.826 CATTGAACTTGTGGATAAAATCACGGTCTGATAAAACAGTGAATG
P22PRM 2.964 TATCTACTAAAGGAATCTTTAGTCAAGTTTATTTAAGATGACTTA

phiXB 3.186 TAAATAGCTTGCAAAATACGTGGCCTTATGGTTACAGTATGCCCA
pori-I 3.249 TGTTCAGTTTTTGAGTTGTGTATAACCCCTCATTCTGATCCCAGC
consensus (2, 3) TAGHWCKGHTBTTGAHAWTTAENCHHYRHAGTRDTAAACTHMAAG
lambdaPRM 3.612 GCACGGTGTTAGATATTTATCCCTTGCGGTGATAGATTTAACGTA

T7E 3.602 TACGGATGATGATATTTACACATTACAGTGATATACTCAAGGCCA
TnS5IR 3.084 ATCTGATCTTCCATGTGACCTCCTAACATGGTAACGTTCATGATA
trp 3.244 ATGAGCTGTTGACAATTAATCATCGAACTAGTTAACTAGTACGCA
434PR 3.175 ACTGTATTTGACAAACAAGATACATTGTATGAAAATACAAGAAAG
consensus (2, 4) GTAAAAHAVVSTTGAHAHTKTAWGABBDHASATAHAAAKTGAADB

argF 3.600 AAATGGGGTTGCAAATGAATAATTACACATATAAAGTGAATTTTA
aroG 3.79¢ AAAACCCCGTTTACACATTCTGACGGAAGATATAGATTGGAAGTA
P22PR 2.861 TTAAATAAACTTGACTAAAGATTCCTTTAGTAGATAATTTAAGTG

rechA 3.830 TACAAAACACTTGATACTGTATGAGCATACAGTATAATTGCTTCA

trpP2 3.591 AAGAAAACCGTGACATTTTAACACGTTTGTTACAAGGTAAAGGCG



consensus
ilvIH-P3
micF
T7-a3
T7-D
Tn501mer
tyrT/178

consensus
ada

(2,5)

(3,0)

cit.util-379

glya
metAPl
ssb
Tn501lmerR
tyrT/109
tyrT/77

consensus
motA
pheA
TnlOxxxP3

consensus
RSFprimer
TnlOxxxP2
trpR

consensus
cya

pfkB
R100RNATII
T7-C
trfB

consensus
MuPe
T7-Al

consensus
colEl-B
colEl-C
gnd

livd

lpp
spotd2r

consensus
gltA-P2
lex

malk

consensus
tonB

consensus
alas
pPBR322tet

consensus
araBAD
argE-P1l
carAB-P2

Fplas~traM

lambdaPI
1 ambdaPRE

consensus
ColEl-P1

(3.1)

(3.,2)

(3,3)

(3,4)

(3.,5)

(4,0)

(4,1)

(4,2)

(4,3)

(4, 4)

Fpla-oriTpX

2.990
3.207
3.362
3.166
2.944
3.147

2.712
2.917
2.755
2.761
2.942
2.746
3.088
3.045

3.609
3.356
4.204

4.056
4.285
3.709

3.762
2.993
3.683
3.672
3.865

4.786
4.664

4.190
4.009
3.451
3.644
3.517
3.545

4.190
3.919
3.758

5.863

4.2717
4.299

2.817
3.242
3.253
3.222
3.284
3.338

4.573
4.997
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GMAVANAKBDSTTGACWHCAWGVADNAATHVBTGWANGNTGTASS
GGATTAATTAAAAAAATAGAGAAATTGCTGTAAGTTGTGGGATTC
ATGGCGAAATAAGCACCTAACATCAAGCAATAATAATTCAAGGTT
CAAAACGGTTGACAACATGAAGTAAACACGGTACGATGTACCACA
AGATAGGCGTTGACTTGATGGGTCTTTAGGTGTAGGCTTTAGGTG
ATATCGCTTGACTCCGTACATGAGTACGGAAGTAAGGTTACGCTA
TGCGCGCAGGTCGTGACGTCGAGAAAAACGTCTTAAGTCGTGCAC

BNVKDBTTKTBWTHGBAAAATBRHCYGGTTAYHCTTAHYBMKHTA
GATTGTTGGTTTTTGCGTGATGGTGACCGGGCAGCCTAAAGGCTA

GCGGGGGTCTCAGGCGACTAACCCGCAAACTCTTACCTCTATACA

TTTGTCAAGACCTGTTATCGCACAATGATTCGGTTATACTGTTCG
ACATGCAGGCTCGACATTGGCAAATTTTCTGGTTATCTTCAGCTA
AAGCGCTATTGGTAATGGTACAATCGCGCGTTTACACTTATTCAG

TGCGCTTGTCCTTTCGAATTGAAATTGGATAGCGTAACCTTACTT

CGTCTTTGTTTACGGTAATCGAACGATTATTCTTTAATCGCCAGC

TTTAATCGCCAGCAAAAATAACTGGTTACCTTTAATCCGTTACGG

KWWTBDHGABWDMATGMMDDMAGWATGDDTATBGTATYAWGRTSA
AATCGCGCGTTAACGCCTGACGACTGAACATCCTGTCATGGTCAA
CGTTTTTTGTTGACAGCGTGAAAACAGTACGGGTACTGTACTAAA
GATTTAAARATAACATACCGTCAGTATGTTTATGGTATCATGATGA

TGTTYBTWDAMTTGWYAGVACGWTWDHDWYATGATATCATAMWCW
TAGCTGTTCGTTGACTTGATAGACCGATTGATTCATCATCTCATA
TGTTCTTAAGATTGTCACGACCACATCATCATGATACCATAAACA
GTCGTTACTGATCCGCACGTTTATGATATGCTATCGTACTCTTTA

HNVTAAVNDTCTTGACGBDENAKHARHGDGBWGHTARAY TDMTCW
GCATCTTTCTTTACGGTCAATCAGCAAGGTGTTAAATTGATCACG
GTTAATTTCTITCACTTTCCGCTGATTCGGTGCCAGACTGAAATCA

TTACATTCTTGAGTGTTCAGAAGATTAGTGCTAGATTACTGATCG
ATAAGCAACTTGACGCAATGTTAATGGGCTGATAGTCTTATCTTA
CTAAAGGTGTTGACGTGCGAGAAATGTTTAGCTAARCTTCTCTCA

NNAAAAGMRYMTTKACWTWAAGYYTWWCMKWWAKKATMYTTWYAG
AAAAGCACCTTTACATTAAGCTTTTCAGTAATTATCTTTTTAGTA
AAAGAGTATTGACTTAAAGTCTAACCTATAGGATACTTACAGCCA

AWAAAAWSCTMTTTSHMHHTTAAAAAAAWHWGTKWAWAATWWRTH
TTATAAAATCCTCTTTGACTTTTAAAACAATAAGTTAAAAATAAA
AAATCCTCTTTGACTTTTAAAACAATAAGTTAAAAATAAATACTG
ATAAGCTATTTATACTTTAATAAGTACTTTGTATACTTATTTGCG
AAAATAGCTATTCCAATATCATAAAAATCGGGATATGTTTTAGCA
AAAAAATATTCTCAACATAAAAAACTTTGTGTAATACTTGTAACG
AAAAGTGCTTTCTGAACTGAACAAAAAAGAGTAAAGTTAGTCGCG

KWRTGTTWMAAAMATYDCCWGDWGAHGYATATWMWGMSHAMAAGT
TGTTACAAACATTACCAGGAAAAGCATATAATGCGTAAAAGTTAT
AGTTTATGGTTCCAAAATCGCCTTTTGCTGTATATACTCACAGCA
GGGTGGAGGATTTAAGCCATCTCCTGATGACGCATAGTCAGCCCA

TWGTCTTGCCTTATTGAATATGATTGCTATTTGCATTTARAATCG
GTCTTGCCTTATTGAATATGATTGCTATTTGCATTTAAAATCGAG

TNTWCKSWWKT TTRMCWKCYYAKYMWMGAWAASY TWTMWTRYKSY
TACGGTATTTTACCTTCCCAGTCAAGAAAACTTATCTTATTCCCA
TTCTCATGTTTGACAGCTTATCATCGATAAGCTTTAATGCGGTAG

HBTTGSGTKTWWTTACSSSMACYNTGTGHWKTWHTWTMCWHWACC
TCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATA
GGCTGGTGGGTTTTATTACGCTCAACGTTAGTGTATTTTTATTCA
CAGATTTGCATTGATTTACGTCATCATTGTGAATTAATATGCARA
GGGTGCTGCTAGCGGCGCGGTGTGTTTTTTTATAGGATACCGCTA
TTTTCTTGCGTGTAATTGCGGAGACTTTGCGATGTACTTGACACT
CCTCGTTGCGTTTGTTTGCACGAACCATATGTAAGTATTTCCTTA

CCACCAMMSTSTTGASMSKKWWWRTGSAGYGGSKTARMTTWTWTR
CCACAGTCTTGACAGGGAAAATGCAGCGGCGTAGCTTTTATGCTG
CCACCAACCTGTTGAGCCTTTTTGTGGAGTGGGTTAAATTATTTA



consensus (4,5)

his
ilvGEDA
lambdaPR’
T7TA2

thr

trfa
uvrB~P1

consensus (5,0)

colE110.13
NTP1rnalQQ
plSrnal
RSFrnal
sucAB

consensus (5,1)

aceEF
deo-P2
frdABCD
lacPl

spc
tyrT/140

consensus (5,2)

deo-P1
gal-P1l
gltA-P1l
1l1vIH-P2
IS1linsPR
R100rna3

consensus (5, 3)

araE
groE
htpR-P1
lacP2
ompR
PBR322P4
phiXa
sdh-pP2

consensus (5, 4)

araC
dnaA-1lp
Pori-r

consensus (5,5)

gal-P2
plSprimer
pBR322primer
phiXD

str

uvrB-P2

nbs = 7, nbi =

consensus (0,0)

arak
gltA-Pl
malEFG
P22PRM
ssb

consensus (0,1)

motA
pheA
Pori-r
thr
trfA

3.200
3.099
3.430
3.261
3.090
3.233
3.621

4.612
5.004
4.883
5.004
3.650

2.981
2.8717
2.867
3.047
2.829
3.134

3.129
3.287
3.058
3.018
3.105
3.045

2.913
2.724
2.905
2.782
3.107
2.847
2.885
2.954

3.583
3.662
3.507

3.271
3.948
3.886
3.085
3.726
3.756

3.425
3.779
3.111
3.212
3.100

3.607
3.345
2.951
3.225
3.105
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HGTDAAAKWTMTTGACWTMDTDAABWAAVWTGDGTWAANWTAMWA
ARAGTTCTTGCTTTCTAACGTGAAAGTGGTTTAGGTTAAAAGACA
AAATATCTTGTACTATTTACAAAACCTATGGTAACTCTTTAGGCA

GCATGATATTGACTTATTGAATAARATTGGGTAAATTTGACTCAA
ACAGGTATTGACAACATGAAGTAACATGCAGTAAGATACAAATCG
AATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCA

TAAAGTTCTTGACAGCGGAACCAATGTTTAGCTAAACTAGAGTCT

GTATAATTTGTTGGCATAATTAAGTACGACGAGTAAAATTACATA

WWGTCTTGAAGTHATGCMCCKGHTAMGGCTAMACTGAAAGRACAC
GAGTTCTTGAAGTAGTGGCCCGACTACGGCTACACTAGAAGGACA
AGTTTGTCTTGAAGTTATGCACCTGTTAAGGCTAAACTGAAAGAA
AGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGA
AGTTTGTCTTGAAGTTATGCACCTGTTAAGGCTAAACTGAAAGAA
AGGAAATCTTTAAAAACTGCCCCTGACACTAAGACAGTTTTAAAA

TAGDYBTBWCTHTHBAHRCTTHTCGYHSAKAVGDTGHTDGAATRC
ACGTAGACCTGTCTTATTGAGCTTTCCGGCGAGAGTTCAATGGGA
ATGTGTATCGAAGTGTGTTGCGGAGTAGATGTTAGAATACTAACA
GTCAAATTTCAGACTTATCGATCAGACTATACTGTTGTACCTATA
CCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGA
TTATTTTTTCTACCCATATCCTTGAAGCGGTGTTATAATGCCGCG
AGTCGTCACTATACAAAGTACTGGCACAGCGGGTCTTTGTTTACG

HTDWCGBHNKKNTTCSAHCTTHGTNMTVSTSWWKTWTWWTAATWC
CGTTTTATTCGAACATCGATCTCGTCTTGTGTTAGAATTCTAACA
CATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTATTTCATA
CATTCGGGACAGTTATTAGTGGTAGACAAGTTTAATAATTCGGAT
GGATTTTATCGTTTCTTTTCACCTTTCCTCCTGTTTATTCTTATT
ATACCTTATGGTAATGACTCCAACTTATTGATAGTGTTTTATGTT
CGGCTTACGCCGGGCTTCGGCGGTTTTACTCCTGTATCATATGAA

TBACCBCACDHATGGBNSACTYCHDVHHSWATTTTHTMWKCWTKS
CCGACCTGACACCTGCGTGAGTTGTTCACGTATTTTTTCACTATG
TTTTTCCCCCTTGAAGGGGCGAAGCCATCCCCATTTCTCTGGTCA
ACGCCACTTACGCCTGAATAATAAAAGCGTGTTATACTCTTTCCT
GAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCT
TCGCCGAATAAATTGTATACT TAAGCTGCTGTTTAATATGCTTTG
GTATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTG
CCGTCAGGATTGACACCCTCCCAATTGTATGTTTTCATGCCTCCA
CCGCGATTATGGGCAGCTTCTTCGTCAAATTTATCATGTGGGGCA

TGTRGWMWWWTBTGMSBDVATTAHVGMAVGWTYBBWTACACTTAG
ATCAATGTGGACTTTTCTGCCGTGATTATAGACACTTTTGTTACG
GTAAATCGTGCCCGCCTCGCGGCAGGATCGTTTACACTTAGCGAG
CGATCTGTATACTTATTTGAGTAAATTAACCCACGATCCCAGCCA

ATRTKHWYTTSWTGASATCBTTTTNGHNTSNGYGTWATYTKYTGS
TTTATTCCATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTA
TGATCTTCTTGAGATCGTTTTGGTCTGCGCGTAATCTCTTGCTTG
GGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTG

CTCTTGTTGACATTTTAAAAGAGCGTGGATTACTATCTGAGTCCG
TGTATATTTCTTGACACCTTTTCGGCATCGCCCTAARATTCGGCG
ATATTATGGTGATGAACTGTTTTTTTATCCAGTATAATTTGTITGG

SAYYADGBACNATNGKWAGHKGTWSACDHGTTHATTHACTMKGAT
CCGACCTGACACCTGCGTGAGTTGTTCACGTATTTTTTCACTATG
CATTCGGGACAGTTATTAGTGGTAGACAAGTTTAATAATTCGGAT
CAAGGAGGATGGAAAGAGGTTGCCGTATAAAGAAACTAGAGTCCG
TATCTACTAAAGGAATCTTTAGTCAAGTTTATTTAAGATGACTTA
AAGCGCTATTGGTAATGGTACAATCGCGCGTTTACACTTATTCAG

AATCGHDHKT TRTHGACWKMGKWMASWAARTHCWGBHACGRTHMH
AATCGCGCGTTAACGCCTGACGACTGAACATCCTGTCATGGTCAA
CGTTTTTTGTTGACAGCGTGAAAACAGTACGGGTACTGTACTAAA
CGATCTGTATACTTATTTGAGTAAATTAACCCACGATCCCAGCCA
AATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCA
TAAAGTTCTTGACAGCGGAACCAATGTTTAGCTAAACTAGAGTCT



consensus
i1vIH-P3
lambdaPR’
lpp
spot42r
T7-A3
TTA2
uvrB-P1

consensus
ilvGEDA
livyg
MuPe
T7-Al
Tn501merR

consensus
colEl1-B
colE1l-C
P22PR
trpP2

consensus
aroG
micF
T7-D

consensus

colE110.13
NTP1lrnalOO

ompR
plSrnal
RSFrnal

consensus
frdaBCD
grokE

tonB

consensus
araC

his

Tn5IR

consensus
gnd

consensus
ColEl-P1
metAP1l
rrnDEXP2

consensus
R100RNAII

consensus

gyrB
sucAB

consensus
argE-P2
lacP2
lambdaPI
pyrE-P2
trxA

consensus
deo-P2
dnaA-1p
pfkB

(0,2)

(0, 3)

(0,4)

(0,5)

(0, 6)

(1,0)

(1.,2)

(1,3)

(1,4)

(1,5)

(1,6)

(2,0)

(2,1)

3.369
3.416
3.452
3.358
3.335
3.375
3.700

3.563
3.42¢6
3.436
3.194
3.381

4.818
4.556
3.855
3.936

3.885
3.852
3.956

.845
.091
.635
.971
.091

N ww

3.579
3.747
4.129

3.893
3.819
3.953

5.636

3.811
4.233
4.010

5.659

4.065
4.227

3.177
3.401
3.320
3.591
3.219

3.834
3.959
3.855
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TARTAAAARWTATTGACAAMWTGAAGWAARWWGDGTAAADHTWVH
GGATTAATTAAAAAAATAGAGAAATTGCTGTAAGTTGTGGGATTC
GCATGATATTGACTTATTGAATAAAATTGGGTAAATTTGACTCAA
ARAAAATATTCTCAACATAAAAAACTTTGTGTAATACTTGTAACG
AAAAGTGCTTTCTGAACTGAACAAAAAAGAGTAAAGTTAGTCGCG
CAAAACGGTTGACAACATGAAGTAAACACGGTACGATGTACCACA
ACAGGTATTGACAACATGAAGTAACATGCAGTAAGATACAAATCG
GTATAATTTGTTGGCATAATTAAGTACGACGAGTAAAATTACATA

WIGAAAAKAKCHT TTMCWWTWWRHHWWACMTAKRGTAWCBTTWYA
AAATATCTTGTACTATTTACAAAACCTATGGTAACTCTTTAGGCA
AAAATAGCTATTCCAATATCATAAAAATCGGGATATGTTTTAGCA
AAAAGCACCTTTACATTAAGCTTTTCAGTAATTATCTTTTTAGTA
AAAGAGTATTGACTTAAAGTCTAACCTATAGGATACTTACAGCCA

TGCGCTTGTCCTTTCGAATTGAAATTGGATAGCGTAACCTTACTT

‘ATWAAAWHMWCYTTGACWTTTDAAHCMDTWAGTTAAAAATWAAWG
TTATAAAATCCTCTTTGACTTTTAAAACAATAAGTTAAAAATAAA
AAATCCTCTTTGACTTTTAAAACAATAAGTTAAAAATAAATACTG
TTAAATAAACTTGACTAAAGATTCCTTTAGTAGATAATTTAAGTG
AAGAAAACCGTGACATTTTAACACGTTTGTTACAAGGTAAAGGCG

CGAAAWWAGSMGTTDACWTVWWGBGWYDDWAGDTVWAGGTTKKAR
AAAACCCCGTTTACACATTCTGACGGAAGATATAGATTGGAAGTA
ATGGCGAAATAAGCACCTAACATCAAGCAATAATAATTCAAGGTT
AGATAGGCGTTGACTTGATGGGTCTTTAGGTGTAGGCTTTAGGTG

CCGAGTWWGTCTTGAAGTHATGCACCKGTTAAGGCTAMACTGAAA
GAGTTCTTGAAGTAGTGGCCCGACTACGGCTACACTAGAAGGACA
AGTTTGTCTTGAAGTTATGCACCTGTTAAGGCTAAACTGAAAGAA
TCGCCGAATAAATTGTATACTTAAGCTGCTGTTTAATATGCTTTG
AGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGAAAGGA
AGTTTGTCTTGAAGTTATGCACCTGTTAAGGCTAAACTGAAAGAA

AKTTTWGMCTTAT TGAWBAGGMTWDVYHDTTGYAHTTWHWMTSGW
GTCAAATTTCAGACTTATCGATCAGACTATACTGTTGTACCTATA
TTTTTCCCCCTTGAAGGGGCGAAGCCATCCCCATTTCTCTGGTCA
GTCTTGCCTTATTGAATATGATTGCTATTTGCATTTAAAATCGAG

TGTGRWMWGWTCTTSCDTGHTWAYDBVHAABWTGGTWASGTTMAW
ATCAATGTGGACTTTTCTGCCGTGATTATAGACACTTTTGTTACG
AAAGTTCTTGCTTTCTAACGTGAAAGTGGTTTAGGTTAAAAGACA
ATCTGATCTTCCATGTGACCTCCTAACATGGTAACGTTCATGATA

TTWWATAAGCTATTTATACTTTAATAAGTACTTTGTATACTTATT
ATAAGCTATTTATACTTTAATAAGTACTTTGTATACTTATTTGCG

MTAMATDCAGGSTTGACWBTGAAAAWGBWDMGGGTWATMTWYDVY
CCACAGTCTTGACAGGGAAAATGCAGCGGCGTAGCTTTTATGCTG
ACATGCAGGCTCGACATTGGCAAATTTTCTGGTTATCTTCAGCTA
AATTCAGGGTTGACTCTGAAAGAGGAAAGCGTAATATACGCCACC

MBWATTACATTCTTGAGTGTTCAGAAGATTAGTGCTAGATTACTG
TTACATTCTTGAGTGTTCAGAAGATTAGTGCTAGATTACTGATCG

CSVARRAAWTCKWWRAWRWYTRCCSYKGAMAMKRRKAMARTWWYR
AAAATTCGAAGATGTTTACCGTGGAAAAGGGTAAAATAACGGATT
AGGAAATCTTTAAAAACTGCCCCTGACACTAAGACAGTTTTAAAA

WTTGCTBTSHGAHTGCGBABCCNAKGCGWTAHWSTTNAYAMWAGG
GCATCATTGCTTTGCGCTGAAACAGTCAAAGCGGTTATGTTCATA
GAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCT
TTTTCTTGCGTGTAATTGCGGAGACTTTGCGATGTACTTGACACT
GCGGTCATACTGCGGATCATAGACGTTCCTGTTTATAAAAGGAGA
TACTATTGCTTTACGAAAGCGTATCCGGTGAAATAAAGTCAACTA

TWTCGWAAHTTGTBGCBGABTMGVTGYHAGAHTGHWWWCACTTAG
ATGTGTATCGAAGTGTGTTGCGGAGTAGATGTTAGAATACTAACA
GTAAATCGTGCCCGCCTCGCGGCAGGATCGTTTACACTTAGCGAG
GTTAATTTCTTCACTTTCCGCTGATTCGGTGCCAGACTGAAATCA



consensus (2,2)

ada
argE-P1l
ilviH-P2
pori-~T
R100rna3

consensus (2, 3)

htpR-P1
tyrT/140

consensus (2, 4)

cya

glya
recA
Tn501mer

consensus (2,5)

Fpla-oriTpX
trfB

consensus (2, 6)

argF
lambdaPRM
malPQ

T7E
TnlOtetR*
trp

consensus (3, 0)

sdh-P2
tyrT/178

consensus (3,1)

Fplas-traM

consensus (3,2)

carAB-P2
lambdaPRE
spc

trpR

consensus (3, 3)

pBR322tet
phixa

consensus (3, 4)

crp
glta-P2
434PR

consensus (3,5)

htpR-P2
htpR-P3

consensus {3, 6)

lambdaPL
lambdaPo
lambdaPR
pColViron-P1
uvrB-P3

consensus (4,0)

g-k-tnpA
g-k-tnpR
glyA/geneX
R1RNAII
tyrT
tyrT/6

consensus (4,1)

IS1linsPR
lacI

3.280
3.508
3.477
3.430
3.058

4.207
4.222

3.415
3.819
4.066
3.481

4.557
4.302

3.393
3.346
3.006
3.526
3.410
3.244

3.839
4.145

5.737

3.461
3.355
3.678
3.254

4.871
4.883

3.810
4.107
3.686

6.317
6.027

3.612
3.644
3.943
3.853
3.584

3.786
3.445
3.523
3.406
4.090
4.490

4.546
4.546
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KHTBGTCGGTTTTHEKNSNGCTBTACWCCNGTNHAHTHTKATBCHA
GATTGTTGGTTTTTGCGTGATGGTGACCGGGCAGCCTAAAGGCTA
GGCTGGTGGGTTTTATTACGCTCAACGTTAGTGTATTTTTATTCA
GGATTTTATCGTTTCTTTTCACCTTTCCTCCTGTTTATTCTTATT
TGTTCAGTTTTTGAGTTGTGTATAACCCCTCATTCTGATCCCAGC
CGGCTTACGCCGGGCTTCGGCGGTTTTACTCCTGTATCATATGAA

TTTASKCSWCWHYWMKMCWRARTAMTRRMASMGYGKKWYWYTSTTT
ACGCCACTTACGCCTGAATAATAAARAGCGTGTTATACTCTTTCCT
AGTCGTCACTATACAAAGTACTGGCACAGCGGGTCTTTGTTTACG

CTTDSAHAWBDCTTGAYDBYGHAYAAGVATACGGWWDWAHTGHTH
GCATCTTTCTTTACGGTCAATCAGCAAGGTGTTAAATTGATCACG
TTTGTCAAGACCTGTTATCGCACAATGATTCGGTTATACTGTTCG
TACAAAACACTTGATACTGTATGAGCATACAGTATAATTGCTTCA
ATATCGCTTGACTCCGTACATGAGTACGGAAGTAAGGTTACGCTA

CCCMYMAASSTGTTGASSYKYKWKRWRKRKTKRGYTAAAYTWYTY
CCACCAACCTGTTGAGCCTTTTTGTGGAGTGGGTTAAATTATTTA
CTAAAGGTGTTGACGTGCGAGAAATGTTTAGCTAAACTTCTCTCA

CCHGAHMGGDKGWKGAHAWTTAAYHHTTACASTGATAAABTDRHD
AAATGGGGTTGCAAATGAATAATTACACATATAAAGTGAATTTTA
GCACGGTGTTAGATATTTATCCCTTGCGGTGATAGATTTAACGTA
CGCAGGATGAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATA
TACGGATGATGATATTTACACATTACAGTGATATACTCAAGGCCA
GATAGGGAGTGGTAAAATAACTCTATCAATGATAGAGTGTCAACA
ATGAGCTGTTGACAATTAATCATCGAACTAGTTAACTAGTACGCA

HTTGCSSSSAKKWYGKGMMGYYKMKWMRWMMRWY TTAWSWYGTGS
CCGCGATTATGGGCAGCTTCTTCGTCAAATTTATCATGTGGGGCA
TGCGCGCAGGTCGTGACGTCGAGAAAARACGTCTTAAGTCGTGCAC

TTTGGGTGCTGCTAGCGGCGCGGTGTGTTTTTTTATAGGATACCG
GGGTGCTGCTAGCGGCGCGGTGTGTTTTTTTATAGGATACCGCTA

TTGYRTTKDTWYDVAYCADCHHBDTGAAGNDATGTBMTHATRCYS
CAGATTTGCATTGATTTACGTCATCATTGTGAATTAATATGCAAA
CCTCGTTGCGTTTGTTTGCACGAACCATATGTAAGTATTTCCTTA

TTATTTTTTCTACCCATATCCTTGAAGCGGTGTTATAATGCCGCG
GTCGTTACTGATCCGCACGTTTATGATATGCTATCGTACTCTTTA

BTKYYSTCAKGWTTGACASCYTMYCAWYKRTAWGYTTTMATGCSK
TTCTCATGTTTGACAGCTTATCATCGATAAGCTTTAATGCGGTAG
CCGTCAGGATTGACACCCTCCCAATTGTATGTTTTCATGCCTCCA

CTGWKACWVHADTWGACAVAAAAVGHAHATWATGYGWAAAHABWA
AGACACCAGGAGACACAAAGCGAAAGCTATGCTAAAACAGTCAGG
TGTTACAAACATTACCAGGAAAAGCATATAATGCGTAAAAGTTAT
ACTGTATTTGACAAACAAGATACATTGTATGAAAATACAAGAAAG

CTTGCATTGAACTTGTGGATAARAATCACGGTCTGATAAAACAGTG
AGCTTGCATTGAACTTGTGGATARAATCACGGTCTGATAAAACAG
CATTGAACTTGTGGATAAAATCACGGTCTGATAAAACAGTGAATG

CCACTGBBSRWGTTGABWAHNWTANCHMTKDBKGTBATAATGRBT
CTGGCGGTGTTGACATAAATACCACTGGCGGTGATACTGAGCACA
TGCCGAAGTTGAGTATTTTTGCTGTATTTGTCATAATGACTCCTG
CCGTGCGTGTTGACTATTTTACCTCTGGCGGTGATAATGGTTGCA
CAATTCTCAAGTTGATAATGAGAATCATTATTGACATAATTGTTA
TATCCACTATTCCTGTGGATAACCATGTGTATTAGAGTTAGAAAA

CTYAACDDAACACTTTACAKYGGYGCGHHATWTKATAWRWTRYBS
TTAACAGCACTGTTTTTATGTGTGCGATAATTTATAATATTTCGG
ATTAACAATTTTGCAACCGTCCGAAATATTATAAATTATCGCACA
AAAGAACCATTTACATTGCAGGGCTATTTTTTATAAGATGCATTT
AGTAAAGACTTTACTTTGTGGCGTAGCATGCTAGATTACTGATCG
ACGTAACACTTTACAGCGGCGCGTCATTTGATATGATGCGCCCCG
TTCTCAACGTAACACTTTACAGCGGCGCGTCATTTGATATGATGC

CTTAWKSKAATGRCKCMAAMYYWTTSRYRGTRTKKYATGWTAGCG
ATACCTTATGGTAATGACTCCAACTTATTGATAGTGTTTTATGTT
ATCGAATGGCGCAARAACCTTTCGCGGTATGGCATGATAGCGCCCG



consensus (4, 2)
cit.util-379
lex

malK

tyrT/17

consensus (4,3)
alas

deo-P1
tyrT/109

consensus (4, 4)
argCBH

phiXB
RSFprimer
TnlOPin
Tnl0xxxP2

consensus (4,5)
hisA

pBR322bla
Tn2660bla-P3

consensus (4, 6)
fdX
ompC
rpoA

consensus (5,0)
lacPl
phiXD

consensus (5,1)
aroF

consensus (5,2)
cat
CloDFcloacin
lyscC

consensus (5, 3)
uncI

consensus (5, 4)
PBR322P4

consensus (5,5)
pyrE-P1
tufB

consensus (5, 6)
carAB~P1
R100RNAT
sdh-P1

str

consensus (6, 0)
gal-Pl

gal-p2
plSprimer
PBR322primer
TnlOxxxP3
uvrB-pP2

consensus (6,1)
araBAD
ilvIH-P4

T7-C

consensus (6, 2)
metAP2

ompA

Tnl0xxxP1l

uvrD

3.784
3.422
3.345
3.181

3.939
3.623
3.686

3.292
3.222
3.760
3.438
3.844

4.441
5.221
5.221

4.261
4.608
4.525

4.506
4.805

5.783

3.907
3.917
3.756

5.784

5.615

4.853
4.596

3.601
3.823
3.547
4.026

3.935
3.953
3.898
3.925
3.469
3.445

4.180
3.872
3.908

3.653
3.902
3.954
3.950
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GGGGGTTTAAGGNBHHDAAMHMGCHHHTKGTTACVTHTANTCAGH
GCGGGGGTCTCAGGCGACTAACCCGCAAACTCTTACCTCTATACA
AGTTTATGGTTCCAAAATCGCCTTTTGCTGTATATACTCACAGCA
GGGTGGAGGATTTAAGCCATCTCCTGATGACGCATAGTCAGCCCA
TTTAATCGCCAGCAAAAATAACTGGTTACCTTTAATCCGTTACGG

CGGYGTTTTWBTTTAMSATHVWHGWAVDMTTATBTTWTWATYVYM
TACGGTATTTTACCTTCCCAGTCAAGAAAACTTATCTTATTCCCA
CGTTTTATTCGAACATCGATCTCGTCTTGTGTTAGAATTCTAACA
CGTCTTTGTTTACGGTAATCGAACGATTATTCTTTAATCGCCAGC

CTGWTCTTWAGCTKGHNACACMCMTNKCCTYATGATHACATAAWB
TTTTCATTGTTGACACACCTCTGGTCATGATAGTATCAATATTCA
TAAATAGCTTGCAAAATACGTGGCCTTATGGTTACAGTATGCCCA
TAGCTGTTCGTTGACTTGATAGACCGATTGATTCATCATCTCATA
AAGTTAAGGTGGATACACATCTTGTCATATGATCAAATGGTTTCG
TGTTCTTAAGATTGTCACGACCACATCATCATGATACCATAAACA

CTAMTWAATAMATWSWWAWWTGWATCYGMTCATGAGACAATAAMC
ACTAATTAATAAATAGTTAATTAACGCTCATCATTGTACAATGAA
CTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTG
CTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTG

CTCATATTTTTGWTGSAWWDTTSTGTDBWTYTGGSTAGAWTAGAC
TCTTTTTGATGCAATTCGCTTTGCTTCTGACTATAATAGACAGGG
TCATATTCGTGTTGGATTATTCTGCATTTTTGGGGAGAATGGACT
CATATTTTTCTTGCAAAGTTGGGTTGAGCTGGCTAGATTAGCCAG

CYMKKSTTKACAYTTTAWRMKWSCGKSKMKTAYKWTSTGWGKMCG
CCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGA
CTCTTGTTGACATTTTAAAAGAGCGTGGATTACTATCTGAGTCCG

HTBAAAATATGGATTGAAAACTTTACTTTATGTGTTATCGTTACG
AAAATATGGATTGAAAACTTTACTTTATGTGTTATCGTTACGTCA

CGGMWMBTVABAGBTGAMAACTGBMVSVVTAABGHWWTAWTYATA
TGATCGGCACGTAAGAGGTTCCAACTTTCACCATAATGAAATAAG
ATATTGACACCTGAAAACTGGAGGAGTAAGGTAATAATCATACTG
ACCCCATCGTTGACAACCGCCCCGCTCACCCTTTATTTATAAATG

MBGTACTTATTGTTTGAAATCACGGGGGCGCACCGTATAATTTGA
TACTTATTGTTTGAAATCACGGGGGCGCACCGTATAATTTGACCG

CTGYGTATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGC
GTATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTG

CTCTTKTWWKRRTWGSAWKAARCYSSCRKRWSTCCRTAKAATGCGC
CTTGTAAGGATAGGAATAACCGCCGGAAGTCCGTATAATGCGCAG
TTTTTTAGTTGCATGAACTCGCATGTCTCCATAGAATGCGCGCTA

CTTGHAGATDWVTTGAMHTBTTBYBGBCATMDVHCTADAMTBCCG
GCCATTAAGTTGACTTTTAGCGCCCATATCTCCAGAATGCCGCCG
AAAGAAGTCTTGAACTTTTCCGGGCATATAACTATACTCCCCGCA

AGGTTAATTGTAATGATTTTGTGAACAGCCTATACTGCCGCCAGT
TGTATATTTCTTGACACCTTTTCGGCATCGCCCTAAAATTCGGCG

WITWHCWTGWBAHACTTTTYGTHTSTKYGTWATVHBHTGSTTRTT
CATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTATTTCATA
TTTATTCCATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTA
TGATCTTCTTGAGATCGTTTTGGTCTGCGCGTAATCTCTTGCTTG
GGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTG
GATTTAAAATAACATACCGTCAGTATGTTTATGGTATCATGATGA
ATATTATGGTGATGAACTGTTTTTTTATCCAGTATAATTTGTTGG

WSCWAYTTGAYGCWDWDTDWMTGGGCTSWYWATTTTWT SWTHAWW
TCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATA
ATTTTATTCTGAATGTCTGGGCTCTCTATTTTAGGATTAATTAAA
ATAAGCAACTTGACGCAATGTTAATGGGCTGATAGTCTTATCTTA

ACGAADTTHCCDBTTGNHADYTTTBAHBTCVNTBATAKAHTYWAA
AATTACCATTTTCTCTCCTTTTAGTCATTCTTATATTCTAACGTA
CCTGACGGAGTTCACACTTGTAAGTTTTCAACTACGTTGTAGACT
AATTTTCTTGTTGATGATTTTTATTTCCATGATAGATTTAAAATA
AATTTCCCGCTTGGCATCTCTGACCTCGCTGATATAATCAGCARAA



consensus (6, 3)
aceEF

ampC

ColEl1-P2
colicinEl1P3
£fdviIiI

consensus (6, 4)
leultRNA
rrnABP1
rrnD~-P1
rrnE-P1

rrnXl

consensus (6,5)
deo-P3
glnL

consensus (6, 6)
divE

Mlrna

pheU

rnp (RNaseP)
rrn4.5s

supB-E

3.613
3.364
4.091
4.091
3.473

3.804
4.144
3.666
4.001
4.066

4.729
4.886

3.467
3.969
3.593
3.969
3.363
3.590
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ACRYAAMTBWBHGTTKTAAADBTBWHHGRGGWTKKTATAATSGAA
ACGTAGACCTGTCTTATTGAGCTTTCCGGCGAGAGTTCAATGGGA
TCCTGACAGTTGTCACGCTGATTGGTGTCGTTACAATCTAACGCA
AACTTATTGTTTTAAAAGTCAAAGAGGATTTTATAATGGAAACCG
AACTTATTGTTTTAAAAGTCAAAGAGGATTTTATAATGGAAACCG
ACAAATCTCCGTTGTACTTTGTTTCGCGCTTGGTATAATCGCTGG

ACNYWWTTWHCTMTTGHSGNMHNGRKAGRAMTCCCTATAATGCGC
ATTAACTATTGACGAAAAGCTGAAAACCACTAGAATGCGCCTCCG
ATTTCCTCTTGTCAGGCCGGAATAACTCCCTATAATGCGCCACCA
AAAAATACTTGTGCAAAAAATTGGGATCCCTATAATGCGCCTCCG
TTTTTCTATTGCGGCCTGCGGAGAACTCCCTATAATGCGCCTCCA
TTTTCCGCTTGTCTTCCTGAGCCGACTCCCTATAATGCGCCTCCA

WBTCWRMTGYYTMKCGCYKTWTMWSCGWAWAAMGS TATAMTGMWC
"CAACTGTCTATCGCCGTATCAGCGAATAACGGTATACTGATCTGA
TCTGATGCTTCGCGCTTTTTATCCGTAAAAAGCTATAATGCACTA

WTTGAHNABGGGTTGACAHGGSSSSGCGMWNYMKBTATAMTGCGC
ATTAGGGGTTTACACGCCGCATCGGGATGTTTATAGTGCGCGTCA
AACGCGGGGTGACAAGGGCGCGCAAACCCTCTATACTGCGCGCCG

GACATTAGGTTGACGAGATGTGCAGATTACGGTTTAATGCGCCCG
AACGCGGGGTGACAAGGGCGCGCAAACCCTCTATACTGCGCGCCG
CGATGGGTTGCAATTAGCCGGGGCAGCAGTGATAATGCGCCTGCG
AAAAGAGGTTGACGCTGCAAGGCTCTATACGCATAATGCGCCCCG



APPENDIX G
Results of Querying the Trained Networks with the Sequences not used for Training

This appendix contains output generated from the neural network query program (cluster).
Each of the neural networks were trained with the following parameters: o = 0.5,
to = 1000, a(ty) = 0.01, ¢, = 200, and nb, = 0 (see Chapter 2.1 for an explantion of these
parameters). The networks differ in the number of output neurons (nb,) and the initial size
of the neighbourhood for weight updating (nb;) which are indicated at the beginning of
each output listing.

nb, =3, nb, =1

consensus (0,0} TMCMYGHCNNWCTTGACWCHNTWTBNDYADKCBGT TWWWHTGHTB

P22mnt 3.149 CCACCGTGGACCTATTGAGAATATAGTAGAGTGCTTCTATCATGTCAATACACTAACTT
TAC17 2.499 AATGAGCTGTTGACAATTAATCATCCGGCTCGTATAATGTGTGGAATTGTG
TnSneo 2.588 CAAGCGAACCGGAATTGCCAGCTGGGGCGCCCTCTGGTAAGGTTGGGAAGCCCTGCAA
argR 2.594 TCGTCGCCGCGTTGCAGGAGCAAGGCTTTGACAATATTAATCAGTCTAAAGTCTCGG
fol 2.737 CATCCTCGCACCAGTCGACGACGGTTTACGCTTTACGTATAGTGGCGACAATTTTTTTT
gal-P2/mut-2 2.992 TAATTTATTCCATGTCACACTTTTCGCATTTTTGTTATGCTATGGTTATTTCATAC

ilviH-P1 2.827 CTCTGGCTGCCAATTGCTTAAGCAAGATCGGACGGTTAATGTGTTTTACACATTTTTTC
lambdacl7 3.166 GGTGTATGCATTTAT TTGCATACATTCAATCAATTGTTATAATTGTTATCTAAGGAAAT
lep 2.686 TCCTCGCCTCAATGTTGTAGTGTAGAATGCGGCGT TTCTATTAATACAGACGT TAAT
PBRtet-10 2.599 AAGAATTCTCATGTTTGACAGCTTATCATCGATGCGGTAGTTTATCACAGTTA
pBRtet~15 2,739 AAGAATTCTCATGTTTGACAGCTTATCATCGGTAGTTTATCACAGTTAAATTGC
pBRtet-22 2.731 AAGAATTCTCATGTTTGACAGCTTATCATCGATCACAGTTAAATTGCTAACGCAG

rnh 2.716 GTAAGCGGTCATTTATGTCAGACTTGTCGTTTTACAGTTCGATTCAATTACAGGA
consensus (0,1) THGHDNMNGKYBTTGACRWKTAAVHHDYDNWNDNNTAHHY TTHWD

TnlOtetR 2.802 TATTCATTTCACTTTTCTCTATCACTGATAGGGAGTGGTAAAATAACTCTATCAATGATA
Tn2661bla-Pa 3.066 GGTTTATAAAATTCTTGAAGACGAAAGGGCCTCGTGATACGCTTATTTTTATAGGTTAA
argE/LL13 2.830 CCGCATCATTGCTTTGCGCTGARACAGTCAAAGCGGTTATATTCATATGCGGATGGCG
dnaQ-P2 2.945 CCATCGGTGAAAATTTCTACCTGTTTAAGCATCTCTGGTAGACTTCCTGTAATTGAAT
malPQ/A517/A 2.368 CCCCGCAGGATGAGGTCGAGCCTGGCAAACTAGCGATAACGTTGTGTTGAA

malPQ/Ppld 2.687 ATCCCCGCAGGATGAGGAAGGTCAACATCGAGCCTGGAAACTAGCGATAACGTTGTGT
pSC10loriP3 2.850 ATACGCTCAGATGATGAACATCAGTAGGGAAAATGCTTATGGTGTATTAGCTARAGC
consensus (0,2) CNRAAWAWDTYYTTGACWWAWDVAMCHAHHWRKDVTAAABTDAAA

cit.util-431 2.652 GACAGGCACAGCATTGTACGATCAACTGATTTGTGCCAATAATTAAATGARATCAC

lpp/P1 3.244 ATCAAAAAAATATTCTCAACATAAAAAACTTTGTGTTATACTTGTAACGCTACATGGA

1pp/P2 3.313 ATCAAAAAAATATTCTCAACATAAAAARACTTTGTGTTATAATTGTAACGCTACATGGA
PBRRNAI 3.123 GTGCTACAGAGTTCTTGAAGT GGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTG
pfkBl 3.163 ATATTGTTAATTTCTTCACTTTCCGCTGATTCGGTGCTAGACTGAAATCAGCCTATAGG

ppc 2.701 CGATTTCGCAGCATTTGACGTCACCGCTTTTACGTGGCTTTATAAAAGACGACGAAAR
rpoD-Phs/min 2.539 CCCTTGAAAAACTGTCGATGTGGGACGATATAGCAGATAAGAATATTGCT

consensus (1,0) TTWHHHGCDBWYTTGDNMHBKTHYNNNBAWHHDVYTATHHTGCBS

1S2I-I1 2,348 ATGTCTGGAAATATAGGGGCAAATCCACTAGTATTAAGACTATCACTTATT
Tn2661bla-Pb 2.713 CCTCGTGATACGCTTATTTTTATAGGTTAATGTCATGATAATAATGGTTT

argl 2,420 AGACTTGCAAATGAATAATCATCCATATARATTGAATTTTAATTCATTGA

aroH 2,793 GTACTAGAGAACTAGTGCATTAGCTTATTTTTTTGTTATCATGCTAACCACCCGGCGAG
dnaK-P1 2.744 TTTGCATCTCCCCCTTGATGACGTGGTTTACGACCCCATTTAGTAGTCAACCGCAGTG
gal-P2/mut-1 2.887 TAATTTATTCCATGTCACACTTTTCGCATCTTTGTTATACTATGGTTATTTCATAC
hisBp 2.944 CCTCCAGTGCGGTGTTTAAATCTTTGTGGGATCAGGGCATTATCTTACGTGATCAG
malPQ/A516P1 2.372 ATCCCCGCAGGATGAGGAGCCTGGCARAACTAGCGATGATAARCGTTGTGTTGAA

malT 2.627 GTCATCGCTTGCATTAGAAAGGTTTCTGGCCGACCTTATAACCATTAATTACG

manA 2.818 CGGCTCCAGGTTACTTCCCGTAGGATTCTTGCTTTAATAGTGGGATTAATTTCCACATTA
pSC10loriPl 2.480 TTTGTAGAGGAGCAAACAGCGTTTGCGACATCCTTTTGTAATACTGCGGAA
pSCl0lorip2 2.467 ATTATCATTGACTAGCCCATCTCAATTGGTATAGTGATTAAAATCACCTAGA

rrnB-P3 2.929 CTATGATAAGGATTACTCATCTTATCCTTATCAAACCGTTAAAATGGGCGGTGTGAGCTTG
uvrC 2.754 GCCCATTTGCCAGTTTGTCTGAACGTGAATTGCAGATTATGCTGATGATCACCAAGG
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consensus (1,1}
C62,5-P1
Fplas-traY/2
ISlins-PL
MuPc-1
NR1lrnaC
P22ant
TnlOtetA
Tn7-PLE
aral(c)
aral(c)X{c)
dnaA-2p
dnaQ-P1

lpd

lpp/R1
lpp/R2
lpp/R2-P1
metF

nusA

ompF
pColViron-P2
pEG3503
pyrbD

rpld

rpmH2p
rpoD-Phs
thrBp
tyrT/212

consensus (1, 2)
434PRM
TAC18
TnlOPout
bioB
bioP98

fumA
lacPl15
lambdacin
malPQ/Ppl2
malPQ/Ppl3
malPQ/PplS
malPQ/Pplé
malPQ/Ppl8
met BL
ompF/pKI217
pyrBi-pl
rpoD-Pa

consensus (2,0}
CloDFrnal
MuPc-~2
NRlrnaC/m
si0

TAC16
dnaK-P2
hiss

1sp

macll
macl2
mac2l

mac3

mac3l
malPQ/AS516P2
pBR313Htet
PBRP1
pyrBl-p2
rpmHlp
rpmH3p
rpoD-Pb
rrnABP2
rrnG-P1
rrnG-P2

consensus (2,1)
ampC/Cl6

bioA

hisJd(st)

leu

PBRH4-25
pBRtet/TA22
pBRtet/TA33
rrnB-P4

trpS

2,718
3.063
3.053
2.776
2.882
3.214
3.015
2.969
2.727
2.775
3.088
2.735
2.563
3.294
3.384
3.295
2,324
2.394
2.455
2,764
2.180
2.855
2.923
2.947
2.597
2.600
2.118

3.021
2.460
2.838
3.033
3.184
2.937
3.066
3.164
2.845
2.847
2.786
2.797
2.836
2.620
2.400
2.869
2.295

2.859
2.619
2.737
3.412
2.571
2.756
2.777
2.342
2.645
2.655
2.602
2.636
2.738
2.527
2.715
3.324
3.069
3.169
2.853
2,152
3.328
4,135
3.323

2.746
2.785
2.748
2.277
2,310
2.735
2.833
2.793
2.521
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YHGGCCRWTAGGTTGAMWWNATGNRSAMATHACKGTANDWTGHGB
CACCTGCTCTCGCTTGAAATTATTCTCCCTTGTCCCCATCTCTCCCACATCCTGTTTT
GCGTTAATAAGGTGTTAATAARAATATAGACTTTCCGTCTATTTACCTTTTCTGATTATT
CGAGGCCGGTGATGCTGCCAACTTACTGATTTAGTGTATGATGGTGTTTTTGAGGTGCT
ARATTTTGAAAAGTAACTTTATAGAAAAGAATAATACTGAAAAGTCAATTTGGTG
GTCACAATTCTCAAGTCGCTGATTTCAAAAAACTGTAGTATCCTCTGCGAAACGATCCCT
TCCAAGTTAGTGTATTGACATGATAGAAGCACTCTACTATATTCTCAATAGGTCCACGG
ATTCCTAATTTTTGTTGACACTCTATCATTGATAGAGTTATTTTACCACTCCCTATCAGT
ACTAGACAGAATAGTTGTAAACTGAAATCAGTCCAGTTATGCTGTGAAAAAGCAT
AGCGGATCCTACCTGGCGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTT
AGCGGATCCTACCTGGCGCTTTTTATCGCAACTCTCTACTATTTCTCCATACCCGTTTT
TCTGTGAGAAACAGAAGATCTCTTGCGCAGTTTAGGCTATGATCCGCGGTCCCGATCG
GCCAGCGCTAAAGGTTTTCTCGCGTCCGCGATAGCGTAAAATAGCGCCGTAACCCC
TGTTGTTTAAAARATTGTTAACAATTTTGTAAAATACCGACGGATAGAACGA
ATCAAAAAAATATTCACAACATAAAAAACTTTGTGTAATACTTGTAACGCTACATGGA
ATCAAAAAAATATTGACAACATAAAAAACTTTGTGTAATACTTGTAACGCTACATGGA
ATCAAAAAAATATTGACAACATAARAARACTTTGTGTTATAATTGTAACGCTACATGGA
TTTTCGGTTGACGCCCTTCGGCTTTTCCTTCATCTTTACATCTGGACG
CAGTATTTGCATTTTTTACCCAAAACGAGTAGAATTTGCCACGTTTCAGGCG
GGTAGGTAGCGAAACGTTAGTTTGAATGGARAGATGCCTGCAGACACATAAA
TGTTTCAACACCATGTATTAATTGTGTTTATTTGTAAAATTAATTTTCTGACAATAA
GGCTGGACTTCGAATTCATTAATGCGGTAGTTTATCACAGTTA
TTGCCGCAGGTCAATTCCCTTTTGGTCCGAACTCGCACATAATACGCCCCCGGTTTG
TGTAAACTAATGCCTTTACGTGGGCGGTGATTTTGTCTACAATCTTACCCCCACGTATA
ATAAGGAAAGAGAATTGACTCCGGAGTGTACAATTATTACAATCCGGCCTCTTTAATC
ATGCTGCCACCCTTGAAAAACTGTCGATGTGGGACGATATAGCAGATAAG
AGCTGCCGGTGTCTTTGCTGATCTGCTACGTACCCTCTCATGGAAGT TAGGAG
GATCATACCTACACAGCTGAAGATATGATGCGCGCAGGTCGTGACG

GTWAAWHDGDTKWTGMAADWBAVYHHHTACHRTGATADANTHAAD
ACAATGTATCTTGTTTGTCAAATACAGTTTTTCTTGTGAAGATTGGGGGTAAATAACAGA
AATGAGCTGTTGACAATTAATCATCGCGGCTCGTATAATGTGTGGAATTGTG
AGTGTAATTCGGGGCAGAATTGGTAAAGAGAGTCGTGTARAATATCGAGTTCGCACATC
TTGTCATAATCGACTTGTAAACCAAATTGAAAAGATTTAGGTTTACAAGTCTACACCGAA
TTGTTAATTCGGTGTAGACTTGTAAACCTAAATCTTTTAAATTTGGTTTACAAGTCGAT
GTACTAGTCTCAGTTTTTGTTAARAAAGTGTGTAGGATATTGTTACTCGCTTTTAACAGG
TTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGTATTGTGAGCGGATAACAATTT
TAGATAACAATTGATTGAATGTATGCAAATAAATGCATACACTATAGGTGTGGTTTAAT
ATCCCCGCAGGATGAGGAAGGTCAACATCGAGCCTGGAAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATTAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATGAGARAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATAAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATGGGGAAGGTCARCATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
TTACCGTGACATCGTGTAATGCACCTGTCGGCGTGATAATGCATATAATT TTAACGG
GGTAGCGAAACGTTAGTTTGCAAGCTTTAATGCGGTAGTTTATCAC
CTTTCACACTCCGCCCTATAAGTCGGATGAATGGAATAAAATGCATATCTGATTGCGTG
CGCCCTGTTCCGCAGCTAAAACGCACGACCATGCGTATACTTATAGGGTT

AYCWAWTWHNBDCTTGAMAKVBCVVGVNMANTCBSTATAATGCGC
ACACGCGGTTGCTCTTGAAGTGTGCGCCAAAGTCCGGCTACACTGGAAGGACAGATTTGG
GGAACACATTTAAAAACCCTCCTAAGTTTTGTAATCTATAAAGTTAGCAATTTA
TCACAATTCTCAAGTTGCTGATTTCAAAAAACTGTAGTATCCTCTGCGAAACGATCCCT
TACTAGCAATACGCTTGCGTTCGGTGGTTAAGTATGTATAATGCGCGGGCTTGTCGT
AATGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAATTGTG
ATGAAATTGGGCAGTTGARACCAGACGTTTCGCCCCTATTACAGACTCACAACCACA
AAATAATAACGTGATGGGAAGCGCCTCGCTTCCCGTGTATGATTGAACCCGCATGGCTC
TTTGTCCTGTTGACCTCCGGCGCTACCGT TGCAGACTATAACGACGCACCT
CCCCCGCAGGGATGAGGAAGGTGGTCGACCGGGCTCGTATGTTGTGTGGAATTGTGAGC
CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGGCTCGTATGTTGTGTGGAATTGTGAGC
CCCCCGCAGGGATGAGGAAGGTCGACCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGC
CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGCTCGTATGTTGTGTGGAATTGTGAGCG
CCCCCGCAGGGATGAGGAAGCTCGGTCGACCGCTCGTATATTGTGTGGAATTGTGAGCG
ATCCCCGCAGGAGGATGAGGAGCCTGGCAARACTAGCGATAACGTTGTGTTGAA
AATTCTCATGTTTGACAGCTTATCATCGATAAGCTAGCTTTAATGCGGTAGTTTAT
TTCATACACGGTGCCTGACTGCGTTAGCAATTTAACTGTGATAAACTACCGCATTAAAGCTTA
TTGCATCAAATGCTTGCGCCGCTTCTGACGATGAGTATAATGCCGGACAATTTGCCGG
GATCCAGGACGATCCTTGCGCTTTACCCATCAGCCCGTATAATCCTCCACCCGGCGCG
AAATTTAATGACCATAGACAAAAATTGGCTTAATCGATCTAATAAAGATCCCAGGACG
AGCCAGGTCTGACCACCGGGCAACTTTTAGAGCACTATCGTGGTACAAAT
GCAARAATAAATGCTTGACTCTGTAGCGGGARGGCGTATTATGCACACCCCGCGCCGC
TTTATATTTTTCGCTTGTCAGGCCGGAATAACTCCCTATAATGCGCCACCACTGACACG
AAGCAAAGAAATGCTTGACTCTGTAGCGGGAAGGCGTATTATGCACACCGCCGCGCCG

CTCHWDHTTWKSDTKBAAWWNBBBDNDNDKBDTGNTATAATNGMV
GCTATCTTGACAGTTGTCACGCTGATTGGTATCGTTACAATCTAACGTATCG
GCCTTCTCCAAAACGTGTTTTTTGTTGTTAATTCGGTGTAGACTTGTAAACCTAAATCT
TAGAATGCTTTGCCTTGTCGGCCTGATTAATGGCACGATAGTCGCATCGGATCTG
GTTGACATCCGTTTTTGTATCCAGTAACTCTAAAAGCATATCGCATT
TCGTTTTCAAGAATTCATTAATGCGGTAGTTTATCACAGTTA

TTCTCATGTTTGACAGCTTATCATCGATAAGCTAAATTTTATATAAAATTTAGCT
TTCTCATGTTTGACAGCTTATCATCGATAAGCTAAATTTATATAAAATTTTATAT

GCGTATCCGGTCACCTCTCACCTGACAGTTCGTGGTAAAATAGCCAACCTGTTCGACA

CGGCGAGGCTATCGATCTCAGCCAGCCTGATGTAATTTATCAGTCTATAAATGACC



consensus (2, 2)
argCBH-P1/6—
argCBH-P1/LL
dapD

glns

lambdaL57

rpoB

tnaA

nb, = 4, nb,

consensus (0,0)
S10

TACl6
ampC/Clé
bloa
fumA
hiss
lambdaL57
1sp

pPBRP1
pBRtet-22
pyrBl-p2
rpmHlp
rrnB-P4
rrnG-P1
rrnG-pP2

consensus (0,1)
dnaQ-P1
malPQ/A516P2
rplJd

rpmH2p

consensus (0, 2)
NRlrnaC/m
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CTMHTAHWNAARTTGWNAAACAKHTYBNNTTATGATANAATARHG
TTTGTTTTTCATTGTTGACACACCTCTGGTCATAATATTATCAATATTCATGCAGTAT
TTTGTTTTTCATTGTTGACACACCTCTGGTCATGATATTATCAATATTCATGCAGTAT
AAGTGCATCAGCGGTTGACAGAGGCCCTCAATCCAAACGATARAGGGTGATGTGTTTACTG
TAAAAAACTAACAGTTGTCAGCCTGTCCCGCTTATAAGATCATACGCCGTTATACGTT
TGATAAGCAATGCTTTTTTATAATGCCAACTTAGTATAAARATAGCCAACCTGTTCGACA
CGACTTAATATACTGCGACAGGACGTCCGTTCTGTGTARATCGCAATGAAATGGT TTAA
AAACAATTTCAGAATAGACAAAAACTCTGAGTGTAATAATGTAGCCTCGTGTCTTGCG

ACGTAAHTHAYDSTTGWMAANNNNNNAGVASWCCBTATAATGSGM
TACTAGCAATACGCTTGCGTTCGGTGGTTAAGTATGTATAATGCGCGGGCTTGTCGT
AATGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAATTGTG
GCTATCTTGACAGTTGTCACGCTGATTGGTATCGTTACAATCTAACGTATCG
GCCTTCTCCAAAACGTGTTTTTTGTTGTTAATTCGGTGTAGACTTGTAAACCTAAATCT
GTACTAGTCTCAGTTTTTGTTAAAAARGTGTGTAGGATATTGTTACTCGCTTTTAACAGG
AAATAATAACGTGATGGGAAGCGCCTCGCTTCCCGTGTATGATTGAACCCGCATGGCTC
TGATAAGCAATGCTTTTTTATAATGCCAACTTAGTATAAAATAGCCAACCTGTTCGACA
TTTGTCCTGTTGACCTCCGGCGCTACCGTTGCAGACTATAACGACGCACCT
TTCATACACGGTGCCTGACTGCGTTAGCAATTTAACTGTGATAAACTACCGCATTAAAGCTTA
AAGAATTCTCATGTTTGACAGCTTATCATCGATCACAGTTAAATTGCTAACGCAG
TTGCATCAAATGCTTGCGCCGCTTCTGACGATGAGTATAATGCCGGACAATTTGCCGG
GATCCAGGACGATCCTTGCGCTTTACCCATCAGCCCGTATAATCCTCCACCCGGCGCG
GCGTATCCGGTCACCTCTCACCTGACAGTTCGTGGTAAAATAGCCAACCTGTTCGACA
TTTATATTTTTCGCTTGTCAGGCCGGAATAACTCCCTATAATGCGCCACCACTGACACG -
AAGCAAAGAAATGCTTGACTCTGTAGCGGGAAGGCGTATTATGCACACCGCCGCGCCG

CYVVAAVDBGGGTTGAMAHKRBCNGGSRAWMHMBBTATAMTGCGC
GCCAGCGCTAAAGGTTTTCTCGCGTCCGCGATAGCGTAAAATAGCGCCGTAACCCC
ATCCCCGCAGGAGGATGAGGAGCCTGGCAAACTAGCGATAACGTTGTGTTGAA
TGTAAACTAATGCCTTTACGTGGGCGGTGATTTTGTCTACAATCTTACCCCCACGTATA
ATAAGGAARGAGAATTGACTCCGGAGTGTACAATTATTACAATCCGGCCTCTTTAATC

CYARNAADBADGWDGAHAWTTANCDNYNDYADWGATARAATRRHG
TCACAATTCTCAAGTTGCTGATTTCAARAAAACTGTAGTATCCTCTGCGAAACGATCCCT
ATCCCCGCAGGATGAGGAGCCTGGCAAACTAGCGATGATAACGTTGTGTTGAA
ATCCCCGCAGGATGAGGAAGGTCAACATCGAGCCTGGAAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATTAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATGAGAAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATAAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATGGGGAAGGTCAACATCGAGCCTGGCAARCTAGCGATAACGTTGTGT

MTDAAAAARTHYTTGACWWHWWAAAMHAWHWRTARNAAABWWANA
AAATTTTGAAAAGTAACTTTATAGAAAAGAATAATACTGAAAAGTCAATTTGGTG
ATCAAAAAAATATTCTCAACATARAAAACTTTGTGTTATACTTGTAACGCTACATGGA
ATCAAAAAAATATTCTCAACATAARAAACTTTGTGTTATAATTGTAACGCTACATGGA
ATCAAAAAAATATTCACAACATAAAAAACTTTGTGTAATACTTGTAACGCTACATGGA
ATCAAAAAAATATTGACAACATAAARARACTTTGTGTAATACTTGTAACGCTACATGGA
ATCAAARAAATATTGACAACATAAAAAACTTTGTGTTATAATTGTAACGCTACATGGA

CBVAANTTAABRCTTTACAAYKBYGVSTYATDTGWWATAATVHGM
ATGAAATTGGGCAGTTGAAACCAGACGTTTCGCCCCTATTACAGACTCACAACCACA
CGATTTCGCAGCATTTGACGTCACCGCTTTTACGTGGCTTTATAAAAGACGACGAAAA
GCAAARAATAAATGCTTGACTCTGTAGCGGGAAGGCGTATTATGCACACCCCGCGCCGC

CTCMTWWWTWYGTTSCAAWATBBHKYHKYTCWGGAKABAATARCC
ACAATGTATCTTGTTTGTCAAATACAGTTTTTCTTGTGAAGATTGGGGGTAAATAACAGA
CACCTGCTCTCGCTTGAAATTATTCTCCCTTGTCCCCATCTCTCCCACATCCTGTTTT
ATTCCTAATTTTTGTTGACACTCTATCATTGATAGAGTTATTTTACCACTCCCTATCAGT
TAAAAAACTAACAGTTGTCAGCCTGTCCCGCTTATAAGATCATACGCCGTTATACGTT
ATTATCATTGACTAGCCCATCTCAATTGGTATAGTGATTAAAATCACCTAGA
TTGCCGCAGGTCAATTCCCTTTTGGTCCGAACTCGCACATAATACGCCCCCGGTTTG
CGACTTAATATACTGCGACAGGACGTCCGTTCTGTGTAAATCGCAATGAAATGGTTTAA
CGCCCTGTTCCGCAGCTAAAACGCACGACCATGCGTATACTTATAGGGTT

YTKNNRDAKKTGT TGACAWMATTAMGWMHKN S SGGTAWRATKWGS
GCGTTAATAAGGTGTTAATAAAATATAGACTTTCCGTCTATTTACCTTTTCTGATTATT
TCCAAGTTAGTGTATTGACATGATAGAAGCACTCTACTATATTCTCAATAGGTCCACGG

AATGAGCTGTTGACAATTAATCATCCGGCTCGTATAATGTGTGGAATTGTG
ACTAGACAGAATAGTTGTAAACTGAAATCAGTCCAGTTATGCTGTGAAAAAGCAT
TGTTGTTTAAAAATTGTTAACAATTTTGTAAAATACCGACGGATAGAACGA
ARATTTAATGACCATAGACAAAAATTGGCTTAATCGATCTAATAAAGATCCCAGGACG
ATGCTGCCACCCTTGAAAAACTGTCGATGTGGGACGATATAGCAGATAAG
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GTWAHAAASHTCTTBACDTWHHRYWWAHDWGKKGNTADAYTTAWN

GTCACAATTCTCAAGTCGCTGATTTCAAAARACTGTAGTATCCTCTGCGAAACGATCCCT
GGTTTATAAAATTCTTGAAGACGAAAGGGCCTCGTGATACGCTTATTTTTATAGGTTAA
CCGCATCATTGCTTTGCGCTGAAACAGTCAAAGCGGTTATATTCATATGCGGATGGCG
TTGTCATAATCGACTTGTAAACCAAATTGAAAAGATTTAGGTTTACAAGTCTACACCGAA
TTGTTAATTCGGTGTAGACTTGTAAACCTAAATCTTTTAAATTTGGTTTACAAGTCGAT
GACAGGCACAGCATTGTACGATCAACTGATTTGTGCCAATAATTAAATGAAATCAC

TTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGTATTGTGAGCGGATAACAATTT

GGTGTATGCATTTATTTGCATACATTCAATCAATTGTTATAATTGTTATCTAAGGAAAT
TAGATAACAATTGATTGAATGTATGCAAATAAATGCATACACTATAGGTGTGGTTTAAT
ATATTGTTAATTTCTTCACTTTCCGCTGATTCGGTGCTAGACTGAAATCAGCCTATAGG
CCCTTGAAAAACTGTCGATGTGGGACGATATAGCAGATAAGAATATTGCT

CTGTDBTTWARATTGHNAMACMGHBHGNATTATKATMDNATAVHG
TTTGTTTTTCATTGTTGACACACCTCTGGTCATAATATTATCAATATTCATGCAGTAT
TTTGTTTTTCATTGTTGACACACCTCTGGTCATGATATTATCAATATTCATGCAGTAT
AAGTGCATCAGCGGTTGACAGAGGCCCTCAATCCAAACGATAAAGGGTGATGTGTTTACTG
CAGTATTTGCATTTTTTACCCAAAACGAGTAGAATTTGCCACGTTTCAGGCG

TTACDBYBGAHTTTGAVTGTTTTDGYTSTVINTBWTATGAWKAMT
CGAGGCCGGTGATGCTGCCAACTTACTGATTTAGTGTATGATGGTGTTTTTGAGGTGCT
AATGAGCTGTTGACAATTAATCATCGCGGCTCGTATAATGTGTGGAATTGTG
CCTCGTGATACGCTTATTTTTATAGGTTAATGTCATGATAATAATGGTTT
CAAGCGAACCGGAATTGCCAGCTGGGGCGCCCTCTGGTAAGGTTGGGAAGCCCTGCAA
TCGTCGCCGCGTTGCAGGAGCAAGGCTTTGACAATATTAATCAGTCTAAAGTCTCGG
TTTGCATCTCCCCCTTGATGACGTGGTTTACGACCCCATTTAGTAGTCAACCGCAGTG
CATCCTCGCACCAGTCGACGACGGTTTACGCTTTACGTATAGTGGCGACAATTTTTTTT
CCCCCGCAGGGATGAGGAAGGTGGTCGACCGGGCTCGTATGTTGTGTGGAATTGTGAGC
CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGGCTCGTATGT TGTGTGGAATTGTGAGC
CCCCCGCAGGGATGAGGAAGGTCGACCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGC
CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGCTCGTATGTTGTGTGGAATTGTGAGCG
CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGCTCGTATATTGTGTGGAATTGTGAGCG
CCCCGCAGGATGAGGTCGAGCCTGGCAAACTAGCGATAACGTTGTGTTGAA
ATCCCCGCAGGATGAGGRAAGGTCAACATCGAGCCTGGAAACTAGCGATAACGTTGTGT
GTCATCGCTTGCATTAGAAAGGTTTCTGGCCGACCTTATAACCATTAATTACG
GGTAGGTAGCGAAACGTTAGTTTGAATGGAAAGATGCCTGCAGACACATAAA
GGTAGCGAAACGTTAGTTTGCAAGCTTTAATGCGGTAGTTTATCAC
GGCTGGACTTCGAATTCATTAATGCGGTAGTTTATCACAGTTA
TTTGTAGAGGAGCAAACAGCGTTTGCGACATCCTTTTGTAATACTGCGGAA
CTTTCACACTCCGCCCTATAAGTCGGATGAATGGAATAAAATGCATATCTGATTGCGTG
AGCCAGGTCTGACCACCGGGCAACTTTTAGAGCACTATCGTGGTACAAAT
AGCTGCCGGTGTCTTTGCTGATCTGCTACGTACCCTCTCATGGAAGTTAGGAG
GATCATACCTACACAGCTGAAGATATGATGCGCGCAGGTCGTGACG
GCCCATTTGCCAGTTTGTCTGAACGTGAATTGCAGATTATGCTGATGATCACCAAGG

TCTHWTTWYTHMDDVMAWBWTTABTGAAGTDDDGTTAHGATGMCK
CCACCGTGGACCTATTGAGAATATAGTAGAGTGCTTCTATCATGTCAATACACTAACTT
TATTCATTTCACTTTTCTCTATCACTGATAGGGAGTGGTAAAATAACTCTATCAATGATA
CTCTGGCTGCCAATTGCTTAAGCAAGATCGGACGGTTAATGTGTTTTACACATTTTTTC
TCCTCGCCTCAATGTTGTAGTGTAGAATGCGGCGTTTCTATTAATACAGACGT TAAT
CGGCTCCAGGTTACTTCCCGTAGGATTCT TGCTTTAATAGTGGGATTAATTTCCACATTA
AATTCTCATGTTTGACAGCTTATCATCGATAAGCTAGCTTTAATGCGGTAGTTTAT
TCGTTTTCAAGAATTCATTAATGCGGTAGTTTATCACAGTTA
TTCTCATGTTTGACAGCTTATCATCGATAAGCTAAATTTATATAAAATTTTATAT
TGTTTCAACACCATGTATTAATTGTGTTTATTTGTAAAATTAATTTTCTGACAATAA
CGGCGAGGCTATCGATCTCAGCCAGCCTGATGTAATTTATCAGTCTATAAATGACC

TNYABGAHVBTSDTGABHTCGTWHWDKDADBSGBDTAAHYTVIWB
AGTGTAATTCGGGGCAGAATTGGTAAAGAGAGTCGTGTAARATATCGAGTTCGCACATC
CCTCCAGTGCGGTGTTTAAATCTTTGTGGGATCAGGGCATTATCTTACGTGATCAG

TTACCGTGACATCGTGTAATGCACCTGTCGGCGTGATAATGCATATAATTTTAACGG

TTTGYCTTGAAGTHGTGVAYMHRWTAMSGBTHHDCTDAWARAABG
ACACGCGGTTGCTCTTGAAGTGTGCGCCAAAGTCCGGCTACACTGGAAGGACAGATTTGG
GTACTAGAGAACTAGTGCATTAGCTTATTTTTTTGTTATCATGCTAACCACCCGGCGAG
CCATCGGTGAARATTTCTACCTGTTTAAGCATCTCTGGTAGACTTCCTGTAATTGAAT
TAGAATGCTTTGCCTTGTCGGCCTGATTAATGGCACGATAGTCGCATCGGATCTG
GTTGACATCCGTTTTTGTATCCAGTAACTCTAAAAGCATATCGCATT
GTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTG
TTCTCATGTTTGACAGCTTATCATCGATAAGCTAAATTTTATATAAAATTTAGCT
AAACAATTTCAGAATAGACAAAAACTCTGAGTGTAATAATGTAGCCTCGTGTCTTGCG

TAHCCGNYGVTYTHVCGYGNCWCNHBYTWVHATTBTWWCATVBNT
ATGTCTGGAAATATAGGGGCAAATCCACTAGTATTAAGACTATCACTTATT
AGCGGATCCTACCTGGCGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTT
AGCGGATCCTACCTGGCGCTTTTTATCGCAACTCTCTACTATTTCTCCATACCCGTTTT
TTTTCGGTTGACGCCCTTCGGCTTTTCCTTCATCTTTACATCTGGACG
ATACGCTCAGATGATGAACATCAGTAGGGAAAATGCTTATGGTGTATTAGCTAAAGC
GTAAGCGGTCATTTATGTCAGACTTGTCGTTTTACAGTTCGATTCAATTACAGGA
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TAKYTCAYDNHWYWVWYTKYDYATYYWTGATAHDBTWTRRTAHTY
GGAACACATTTAAAAACCCTCCTAAGT TTTGTAATCTATAAAGTTAGCAATTTA
AGACTTGCAAATGAATAATCATCCATATAAATTGAATTTTAATTCATTGA
TCTGTGAGAAACAGAAGATCTCTTGCGCAGTTTAGGCTATGATCCGCGGTCCCGATCG
TAATTTATTCCATGTCACACTTTTCGCATCTTTGTTATACTATGGTTATTTCATAC
TAATTTATTCCATGTCACACTTTTCGCATTTTTGTTATGCTATGGTTATTTCATAC
AAGAATTCTCATGTTTGACAGCTTATCATCGATGCGGTAGTTTATCACAGTTA
AAGRATTCTCATGTTTGACAGCTTATCATCGGTAGTTTATCACAGTTAAATTGC
CTATGATAAGGATTACTCATCTTATCCTTATCAAACCGTTAAAATGGGCGGTGTGAGCTTG

TTCAKWTTKTYKTKRMRWWATGSNCYKGTTMWGGCTADACTRRAM
CACCTGCTCTCGCTTGAAATTATTCTCCCTTGTCCCCATCTCTCCCACATCCTGTTTT
ACACGCGGTTGCTCTTGAAGTGTGCGCCAAAGTCCGGCTACACTGGAAGGACAGATTTGG

CTCTGGCTGCCAATTGCTTAAGCAAGATCGGACGGTTAATGTGTTTTACACATTTTTTC
GTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTG
CGACTTAATATACTGCGACAGGACGTCCGTTCTGTGTAAATCGCAATGAAATGGTTTAA
AGCTGCCGGTGTCTTTGCTGATCTGCTACGTACCCTCTCATGGAAGTTAGGAG
GATCATACCTACACAGCTGAAGATATGATGCGCGCAGGTCGTGACG

TTTTDWBWWTDYTTGHCATCWTHTHRKSAWYRDSYTATAMTGCCS
CCTCGTGATACGCTTATTTTTATAGGTTAATGTCATGATAATAATGGTTT
CATCCTCGCACCAGTCGACGACGGTTTACGCTTTACGTATAGTGGCGACAATTTTTTTT
AATTCTCATGTTTGACAGCTTATCATCGATAAGCTAGCTTTAATGCGGTAGTTTAT
CTATGATAAGGATTACTCATCTTATCCTTATCAAACCGTTAAAATGGGCGGTGTGAGCTTG

AASGANNATGGGTTGACAHKRSSSSSCDAWVHCBBTATAATGCGC
ATAAGGAAAGAGAATTGACTCCGGAGTGTACAATTATTACAATCCGGCCTCTTTAATC

HHGNRWWITWHCDCTTGWCDHMHRGRGMGRAMTCCCTATAATGCGC

GTCACAATTCTCAAGTCGCTGATTTCAAAAAACTGTAGTATCCTCTGCGAAACGATCCCT
TACTAGCAATACGCTTGCGTTCGGTGGTTAAGTATGTATAATGCGCGGGCTTGTCGT

AATGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAATTGTG

TTCATACACGGTGCCTGACTGCGTTAGCAATTTAACTGTGATARACTACCGCATTAAAGCTTA

TTGCATCAAATGCTTGCGCCGCTTCTGACGATGAGTATAATGCCGGACAATTTGCCGG
GCAAAAATAAATGCTTGACTCTGTAGCGGGAAGGCGTATTATGCACACCCCGCGCCGC
TTTATATTTTTCGCTTGTCAGGCCGGAATAACTCCCTATAATGCGCCACCACTGACACG
AAGCAAAGAAATGCTTGACTCTGTAGCGGGAAGGCGTATTATGCACACCGCCGCGCCG

ACGTAMHTHWYHBTTGWHAHNBTBHNAGCGSAYNKTATAATBKAA
GCTATCTTGACAGT TGTCACGCTGATTGGTATCGTTACAATCTAACGTATCG
GCCTTCTCCAAAACGTGTTTTTTGTTGTTAATTCGGTGTAGACTTGTAAACCTAARATCT
GTACTAGTCTCAGTTTTTGTTAAAAAAGTGTGTAGGATATTGTTACTCGCTTTTAACAGG
TAGAATGCTTTGCCTTGTCGGCCTGATTAATGGCACGATAGTCGCATCGGATCTG
AAATAATAACGTGATGGGAAGCGCCTCGCTTCCCGTGTATGATTGAACCCGCATGGCTC
TGATAAGCAATGCTTTTTTATAATGCCAACTTAGTATAAAATAGCCAACCTGTTCGACA
GTCATCGCTTGCATTAGAAAGGTTTCTGGCCGACCTTATAACCATTAATTACG
CGATTTCGCAGCATTTGACGTCACCGCTTTTACGTGGCTTTATAAAAGACGACGAAAA
GCGTATCCGGTCACCTCTCACCTGACAGTTCGTGGTARAATAGCCAACCTGTTCGACA

TMDAKDDWSTTVTTGAAWTMDTDTDKDWNTVVGBGTAAKYTDTWG
ACTAGACAGAATAGTTGTAAACTGAAATCAGTCCAGTTATGCTGTGAAAAAGCAT
CCTCCAGTGCGGTGTTTAAATCT TTGTGGGATCAGGGCATTATCTTACGTGATCAG

THGCWAAAKKYGWWGAYGTKYRMSRWRKRWWWRGSTAAAMTWMY S
AGTGTAATTCGGGGCAGAATTGGTAAAGAGAGTCGTGTAAAATATCGAGTTCGCACATC
TCTGTGAGAAACAGAAGATCTCTTGCGCAGTTTAGGCTATGATCCGCGGTCCCGATCG
ATCCCCGCAGGAGGATGAGGAGCCTGGCAAACTAGCGATAACGTTGTGTTGAA

CCCCGCAGGATGAGGTCGAGCCTGGCAAACTAGCGATAACGTTGTGTTGAA
ATCCCCGCAGGATGAGGAAGGTCAACATCGAGCCTGGAAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATTAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATGAGAAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATAAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATGGGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT

TGTTTCAACACCATGTATTAATTGTGTTTATTTGTAAAATTAATTTTCTGACAATAA

ATACGCTCAGATGATGAACATCAGTAGGGAAAATGCTTATGGTGTATTAGCTAAAGC
TGTAAACTAATGCCTTTACGTGGGCGGTGATTTTGTCTACAATCTTACCCCCACGTATA
ATGCTGCCACCCTTGAAAAACTGTCGATGTGGGACGATATAGCAGATAAG
CCCTTGARAAACTGTCGATGTGGGACGATATAGCAGATAAGAATATTGCT

TATCTMAHKCCTAACGCNBHHBMGGCGWAAHAMKBTAHACTGADC
GGAACACATTTAAAAACCCTCCTAAGTTTTGTAATCTATAAAGTTAGCAATTTA

HNGGSSKSGAKKATKKRMRSCWTCTYCKKMWRAYKYATMRT SWGS
CCCCCGCAGGGATGAGGAAGGTGGTCGACCGGGCTCGTATGTTGTGTGGAATTGTGAGC
TTTTCGGTTGACGCCCTTCGGCTTTTCCTTCATCTTTACATCTGGACG

CTBAACDTAACASTTTACADYKBBGMGHHHHWTGATATAATNHGV
ATGAAATTGGGCAGTTGAAACCAGACGTTTCGCCCCTATTACAGACTCACAACCACA
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3.334
2.511
2.693
2.459
3.066
2.707

3.107
2.434

3.065

3.435
3.734
2.660
3.232
3.139
3.472
2.545
2.869
2,987
2,957
2.934
3.160
2.592
3.117
3.106
3.288

2.768

.221
.079
.802
.744
.72
.17
.018
.679
.215
.728
.739
.363
.498
.482
.096

8
7

2.489

3.263
3.189
3.103

3.041
3.186
3.358
3.444
3.929
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TRBHRAAWKKTVTTGMCDWMDWGAAGTAAAARHSDGTAAAGTTARH
CCGCATCATTGCTTTGCGCTGAAACAGTCAAAGCGGTTATATTCATATGCGGATGGCG
TAGATAACAATTGATTGAATGTATGCAAATAAATGCATACACTATAGGTGTGGTTTAAT
CAGTATTTGCATTTTTTACCCAAAACGAGTAGAATTTGCCACGTTTCAGGCG

TYGCGMCBGAYBNDGACBDTTAWSCTBYRVTCHCGTAYDYTTTTA
CCCCCGCAGGGATGAGGAAGGTCGACCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGC
ATCCCCGCAGGATGAGGAAGGTCAACATCGAGCCTGGAAACTAGCGATAACGTTGTGT
TTGCCGCAGGTCAATTCCCTTTTGGTCCGAACTCGCACATAATACGCCCCCGGTTTG
GATCCAGGACGATCCTTGCGCTTTACCCATCAGCCCGTATAATCCTCCACCCGGCGCG

CGCCGWWTWAWTYGDAHWBTBWDGBYGYTBTDTDWTAGGATTHDW
ATTCCTAATTTTTGTTGACACTCTATCATTGATAGAGTTATTTTACCACTCCCTATCAGT
CAAGCGAACCGGAATTGCCAGCTGGGGCGCCCTCTGGTAAGGTTGGGAAGCCCTGCAA

TTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGTATTGTGAGCGGATAACAATTT
TCCTCGCCTCAATGTTGTAGTGTAGAATGCGGCGTTTCTATTAATACAGACGTTAAT
CGGCTCCAGGTTACTTCCCGTAGGATTCTTGCTTTAATAGTGGGATTAATTTCCACATTA
GGTAGCGAAACGTTAGTTTGCAAGCTTTAATGCGGTAGTTTATCAC
TCGTTTTCAAGAATTCATTAATGCGGTAGTTTATCACAGTTA

GGCTGGACTTCGAATTCATTAATGCGGTAGTTTATCACAGTTA
GTAAGCGGTCATTTATGTCAGACTTGTCGTTTTACAGTTCGATTCAATTACAGGA

CGCCCTGTTCCGCAGCTAAAACGCACGACCATGCGTATACTTATAGGGTT

CBYGMKWKAHVGTBBSRMRACTKTVCGWTNTDTBWTATVMTANCG
GCCAGCGCTAAAGGTTTTCTCGCGTCCGCGATAGCGTAARATAGCGCCGTAACCCC
AGCCAGGTCTGACCACCGGGCAACTTTTAGAGCACTATCGTGGTACAAAT

TGCSCAAHGBTCTTGACAGCGDDAMAAHHGTGBGGNTACWBTHAH
TTTGCATCTCCCCCTTGATGACGTGGTTTACGACCCCATTTAGTAGTCAACCGCAGTG

TMVMAAAGAGTATTGACTTAAAGTCTAACCTATAGGATACTTACA
GCGTTAATAAGGTGTTAATAAAATATAGACTTTCCGTCTATTTACCTTTTCTGATTATT
TCCAAGTTAGTGTATTGACATGATAGAAGCACTCTACTATATTCTCAATAGGTCCACGG
AATGAGCTGTTGACAATTAATCATCGCGGCTCGTATAATGTGTGGAATTGTG
CCATCGGTGAARATTTCTACCTGTTTAAGCATCTCTGGTAGACTTCCTGTAATTGAAT
TAAAARACTAACAGTTGTCAGCCTGTCCCGCTTATAAGATCATACGCCGTTATACGTT
GGTGTATGCATTTATTTGCATACATTCAATCAATTGTTATAATTGTTATCTAAGGAAAT
GTTGACATCCGTTTTTGTATCCAGTAACTCTAAAAGCATATCGCATT
CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGGCTCGTATGTTGTGTGGAATTGTGAGC
TTACCGTGACATCGTGTAATGCACCTGTCGGCGTGATAATGCATATAATTTTAACGG
AAGAATTCTCATGTTTGACAGCTTATCATCGGTAGTTTATCACAGTTAAATTGC
AAGAATTCTCATGTTTGACAGCTTATCATCGATCACAGTTAAATTGCTAACGCAG
TTCTCATGTTTGACAGCTTATCATCGATAAGCTAAATTTATATAAAATTTTATAT
TTTGTAGAGGAGCAAACAGCGTTTGCGACATCCTTTTGTAATACTGCGGAA
AAATTTAATGACCATAGACAAAAATTGGCTTAATCGATCTAATARAGATCCCAGGACG
AAACAATTTCAGAATAGACAAAAACTCTGAGTGTAATAATGTAGCCTCGTGTCTTGCG
GCCCATTTGCCAGTTTGTCTGAACGTGAATTGCAGATTATGCTGATGATCACCAAGG

YHRANAMGRWCTTTKAHAWTTACCCHTTMCDGTRATANMT TTWWA
ATCCCCGCAGGATGAGGAGCCTGGCAAACTAGCGATGATAACGTTGTGT TGAA

CTNGATAGGGAGTGGTAAAATAACTCTATCAATGATAGAGTGTCA
ACAATGTATCTTGTTTGTCAAATACAGTTTTTCTTGTGAAGATTGGGGGTAAATAACAGA
CGAGGCCGGTGATGCTGCCAACTTACTGATTTAGTGTATGATGGTGTTTTTGAGGTGCT
ATGTCTGGAAATATAGGGGCAAATCCACTAGTATTAAGACTATCACTTATT
AATGAGCTGTTGACAATTAATCATCCGGCTCGTATAATGTGTGGAATTGTG

TATTCATTTCACTTTTCTCTATCACTGATAGGGAGTGGTAAAATAACTCTATCAATGATA

TCGTCGCCGCGTTGCAGGAGCAAGGCTTTGACAATATTAATCAGTCTAAAGTCTCGG
GTACTAGAGAACTAGTGCATTAGCTTATTTTTTTGTTATCATGCTAACCACCCGGCGAG

TTGTCATAATCGACTTGTAAACCAAATTGAAAAGATTTAGGTTTACAAGTCTACACCGAA

AAGTGCATCAGCGGTTGACAGAGGCCCTCAATCCAAACGATAAAGGGTGATGTGTTTACTG
TGTTGTTTAAAAATTGTTAACAATTTTGTAAAATACCGACGGATAGAACGA

ATCAAAAAAATATTGACAACATAAAAAACTTTGTGTTATAATTGTAACGCTACATGGA
CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGCTCGTATGTTGTGTGGAATTGTGAGCG
CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGCTCGTATATTGTGTGGAATTGTGAGCG
GGTAGGTAGCGAAACGTTAGTTTGAATGGAAAGATGCCTGCAGACACATAAA
CTTTCACACTCCGCCCTATAAGTCGGATGAATGGAATAAAATGCATATCTGATTGCGTG

BYCNTATTGADDWTGATARACATTBKGDWT TAWDATVGAADAVTG
TTTGTCCTGTTGACCTCCGGCGCTACCGTTGCAGACTATAACGACGCACCT

TACCYGHCVSTDTTGACHVHWWYWBHWBWGTGKGTBWTHATGWTT
CCACCGTGGACCTATTGAGAATATAGTAGAGTGCTTCTATCATGTCAATACACTAACTT
AGCGGATCCTACCTGGCGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTT
AGCGGATCCTACCTGGCGCTTTTTATCGCAACTCTCTACTATTTCTCCATACCCGTTTT

CAWGWWACWBWCTTBACRYTYWGWHAATDCBGTGGTADHYTBATH
TCACAATTCTCAAGTTGCTGATTTCAAAAAACTGTAGTATCCTCTGCGAAACGATCCCT
GACAGGCACAGCATTGTACGATCAACTGATTTGTGCCAATAATTAARATGAAATCAC

TAATTTATTCCATGTCACACTTTTCGCATCTTTGTTATACTATGGTTATTTCATAC
TAATTTATTCCATGTCACACTTTTCGCATTTTTGT TATGCTATGGTTATTTCATAC
ATATTGTTAATTTCTTCACTTTCCGCTGATTCGGTGCTAGACTGAAATCAGCCTATAGG



consensus (4, 2)
MuPc-1

bioP98

lpp/P1

lpp/P2

1pp/R1

1pp/R2
pBRtet-10

trps

consensus (4, 3)
pBRtet/TA22
pSC10lorip2

consensus (4, 4)
Tn266lbla-Pa
argCBH-P1/6~
argCBH-P1/LL
argl

nb, = 3, nb, = 2

consensus (0, 0)
C62.5-P1
CloDFrnal
I521-11

TAC18
araI{c)X(c)
argCBH-P1/6—
argCBH-P1/LL
PBR313Htet
PBRRNAT

consensus (0,1)
TnS5neo

aral(c)

nusA

rpob~Pa

consensus (0, 2)
434PRM
MuPc~-1
Tn2661lbla~Pa
bioB

bioP98
cit,util-431
lambdalL57
lpp/P1
lpp/P2
lpp/R1
1pp/R2
1pp/R2-P1
pBRtet-10
rpoD-Phs/min

consensus (1,0)
gal-P2/nut-1
gal-P2/mut-2
metF
pSC10loriPl
rpoB

3.099
3.454
3.828
3.895
3.681
3.630
2.940
2.776

2.875
2.868

3.323
3.842
3.961
2.671

3.097
3.185
2.361
2.514
2.807
3.407
3.433
2.761
3.338

2.569
2,705
2.456
2.357

2,961
2.769
3.075
2.913
3.150
2.851
2.876
3.304
3.292
3.228
3.218
3.267
2.617
2.581

3.332
3.271
2.375
2.349
2.858

MDAAAWAHMHHCTT GACWWWWAAWAMHATWAGTWAWARATTAAWR
AAATTTTGAAAAGTAACTTTATAGAAAAGAATAATACTGAAAAGTCAATTTGGTG
TTGTTAATTCGGTGTAGACTTGTAAACCTAAATCTTTTAAATTTGGTTTACAAGTCGAT
ATCAAAAAAATATTCTCAACATAAAAAACTTTGTGTTATACTTGTAACGCTACATGGA
ATCAAAAAAATATTCTCAACATAAAAAACTTTGTGTTATAATTGTAACGCTACATGGA
ATCAAAARAATATTCACAACATAAARAAACTTTGTGTAATACTTGTAACGCTACATGGA
ATCAAAAAAATATTGACAACATAAAAAACTTTGTGTAATACTTGTAACGCTACATGGA
AAGAATTCTCATGTTTGACAGCTTATCATCGATGCGGTAGTTTATCACAGTTA
CGGCGAGGCTATCGATCTCAGCCAGCCTGATGTAATTTATCAGTCTATAAATGACC

CTDDBAYWSAASTTGHBAAWAAAADYAHGKWNTGHKAAAAYAGTA
TTCTCATGTTTGACAGCTTATCATCGATAAGCTAAATTTTATATAAAATTTAGCT
ATTATCATTGACTAGCCCATCTCAATTGGTATAGTGATTAAAATCACCTAGA

CTRCTHWWTAMATTGWDAADHAHMTY TVHTYATGATACMATAAAC
GGTTTATAAAATTCTTGAAGACGAAAGGGCCTCGTGATACGCTTATTTTTATAGGTTAA

TTTGTTTTTCATTGTTGACACACCTCTGGTCATAATATTATCAATATTCATGCAGTAT
TTTGTTTTTCATTGTTGACACACCTCTGGTCATGATATTATCAATATTCATGCAGTAT

AGACTTGCAAATGAATAATCATCCATATAAATTGAATTTTAATTCATTGA

NTTGNTHNTTVTTGAMGNNDBKHRNCMGBTHAVDYTAMWMTVDAA
CACCTGCTCTCGCTTGAARATTATTCTCCCTTGTCCCCATCTCTCCCACATCCTGTTTT
ACACGCGGTTGCTCTTGAAGTGTGCGCCAAAGTCCGGCTACACTGGAAGGACAGATTTGG
ATGTCTGGAAATATAGGGGCARATCCACTAGTATTAAGACTATCACTTATT
AATGAGCTGTTGACAATTAATCATCGCGGCTCGTATAATGTGTGGAATTGTG
AGCGGATCCTACCTGGCGCTTTTTATCGCAACTCTCTACTATTTCTCCATACCCGTTTT
TTTGTTTTTCATTGTTGACACACCTCTGGTCATAATATTATCAATATTCATGCAGTAT
TTTGTTTTTCATTGTTGACACACCTCTGGTCATGATATTATCAATATTCATGCAGTAT
AATTCTCATGTTTGACAGCTTATCATCGATAAGCTAGCTTTAATGCGGTAGTTTAT
GTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTG

CTGHATHWKWWHT TSHHDWDNWWVACHHAHTATNKTARAVT THAW
CAAGCGAACCGGAATTGCCAGCTGGGGCGCCCTCTGGTAAGGTTGGGAAGCCCTGCAA
AGCGGATCCTACCTGGCGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTT

CAGTATTTGCATTTTTTACCCAAAACGAGTAGAATTTGCCACGTTTCAGGCG

CGCCCTGTTCCGCAGCTAAAACGCACGACCATGCGTATACTTATAGGGTT

CWWAHAAHVHHY TTGACWWWWAAHHHAHDNDGTGDTAAAHTWAWA
ACAATGTATCTTGTTTGTCAAATACAGTTTTTCTTGTGAAGATTGGGGGTAAATAACAGA
AAATTTTGAAAAGTAACTTTATAGAAAAGAATAATACTGAAAAGTCAATTTGGTG
GGTTTATAAAATTCTTGAAGACGAAAGGGCCTCGTGATACGCTTATTTTTATAGGTTAA
TTGTCATAATCGACTTGTAAACCAAATTGAAAAGATTTAGGTTTACAAGTCTACACCGAA
TTGTTAATTCGGTGTAGACTTGTAAACCTAAATCTTTTAAATTTGGTTTACAAGTCGAT
GACAGGCACAGCATTGTACGATCAACTGATTTGTGCCAATAATTAAATGAAATCAC
TGATAAGCAATGCTTTTTTATAATGCCAACTTAGTATAAAATAGCCAACCTGTTCGACA
ATCAAAAAAATATTCTCAACATAAAAAACTTTGTGTTATACTTGTAACGCTACATGGA
ATCAAAAAAATATTCTCAACATAAAAAACTTTGTGTTATAATTGTAACGCTACATGGA
ATCAAARAAATATTCACAACATARARAACTTTGTGTAATACTTGTAACGCTACATGGA
ATCAAAAAAATATTGACAACATAAAAAACTTTGTGTAATACTTGTAACGCTACATGGA
ATCAAAAAAATATTGACAACATAAAAAACTTTGTGTTATAATTGTAACGCTACATGGA
AAGAATTCTCATGTTTGACAGCTTATCATCGATGCGGTAGTTTATCACAGTTA
CCCTTGAAAAACTGTCGATGTGGGACGATATAGCAGATAAGAATATTGCT

NBGHNDAHHNCHTKYARMDNHBBDTCSNBTYWTKDTWYAATATGC
TAATTTATTCCATGTCACACTTTTCGCATCTTTGTTATACTATGGTTATTTCATAC
TAATTTATTCCATGTCACACTTTTCGCATTTTTGTTATGCTATGGTTATTTCATAC
TTTTCGGTTGACGCCCTTCGGCTTTTCCTTCATCTTTACATCTGGACG
TTTGTAGAGGAGCAAACAGCGTTTGCGACATCCTTTTGTAATACTGCGGAA
CGACTTAATATACTGCGACAGGACGTCCGTTCTGTGTAAATCGCAATGAAATGGTTTAAR

148



consensus (1,1)
NR1lrnaC
argE/LL13
argl
aroH

fol :
hisJ(st)
hiss
i1vIH-P1
leu

lpd
mac2l
mac3
mac31
malPQ/Ppl4
manA
ompF
pBRH4-25
PEG3503
pfkBl

ppc
pyrBl-P1
pyrD
rpld
rrnB-P3
rrnB-P4
thrBp
tnaA
trpS

uvrC

consensus (1,2}
P22mnt
TnlOtetA
Tnl0tetR
bioA

dnaQ-P2
hisBp
lambdacil?
lambdacin
macll

macl2
malPQ/AS516P1
malPQ/AS516P2
malPQ/AS517/A
malPQ/Ppl2
malPQ/Ppl3
malPQ/Ppl5
malPQ/Pplé
malPQ/Ppl8
met BL
pColViron-p2
pSC1l0loripk3
pPYrBl1-p2

rnh

rpmHlp

consensus (2,0)
MuPc-~2
NR1rnaC/m
s10

TAC16
ampC/Clé
dapD
dnaK-P1
dnaK-P2
dnaQ-P1
fumd

lep
ompF/pKI217
pBRP1
rpoD-Pb
rrnABP2
rrnG-P1
rrnG~p2

consensus {2,1}
Fplas-traY/2
Tn2661bla~Pb
lacPl115

malT
PBRtet/TA22
PBRtet/TA33
pSCl0loripP2

2.807
2.966
2.437
2.958
2.904
2.743
2.921
2.998
2.427
2.423
2.682
2.648
2.722
2.728
2.947
2.251
2.238
2.333
3.185
2.895
3.210
2.726
3.137
3.035
2.837
2.517
2.942
2.603
2.937

2.966
3.265
2.976
3.040
3.097
3.011
3.290
3.036
2.561
2.518
2.647
2.582
2.535
3.250
3.136
3.124
3.136
3.228
2.523
2.896
2.868
2.957
2.472
2.911

2.584
2.913
2.955
2.691
2.903
2.603
2.598
3.008
2.888
3.252
2.720
2.156
3.189
2.075
3.318
3.702
3.188

2.900
2.813
2.983
2.521
2.602
2.753
2.640
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CCGDATDNHBBGTWTHCWTAHBCTBAHGGHDRDTDTABWWT GVHD
GTCACAATTCTCAAGTCGCTGATTTCAAARAACTGTAGTATCCTCTGCGAAACGATCCCT
CCGCATCATTGCTTTGCGCTGAAACAGTCAAAGCGGTTATATTCATATGCGGATGGCG
AGACTTGCAAATGAATAATCATCCATATAAATTGAATTTTAATTCATTGA
GTACTAGAGAACTAGTGCATTAGCTTATTTTTTTGTTATCATGCTAACCACCCGGCGAG
CATCCTCGCACCAGTCGACGACGGTTTACGCTTTACGTATAGT GGCGACAATTTTTTTT
TAGAATGCTTTGCCTTGTCGGCCTGATTAATGGCACGATAGTCGCATCGGATCTG
AAATAATAACGTGATGGGAAGCGCCTCGCTTCCCGTGTATGATTGAACCCGCATGGCTC
CTCTGGCTGCCAATTGCTTAAGCAAGATCGGACGGTTAATGTGTTTTACACATTTTTTC
GTTGACATCCGTTTTTGTATCCAGTAACTCTARAAGCATATCGCATT
TGTTGTTTAAAAATTGTTAACAATTTTGTAAAATACCGACGGATAGAACGA
CCCCCGCAGGGATGAGGAAGGTCGACCTTCCGGCTCGTATGTTGTGTGGAATT GTGAGC
CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGCTCGTATGTTGTGTGGAATTGTGAGCG
CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGCTCGTATATTGTGTGGAATTGTGAGCG
ATCCCCGCAGGATGAGGAAGGTCAACATCGAGCCTGGAAACTAGCGATAACGTTGTGT
CGGCTCCAGGTTACTTCCCGTAGGATTCTTGCTTTAATAGTGGGATTAATTTCCACATTA
GGTAGGTAGCGAAACGTTAGTTTGAATGGARAGATGCCTGCAGACACATAAA
TCGTTTTCAAGAATTCATTAATGCGGTAGTTTATCACAGTTA
GGCTGGACTTCGAATTCATTAATGCGGTAGTTTATCACAGTTA
ATATTGTTAATTTCTTCACTTTCCGCTGATTCGGTGCTAGACTGAAATCAGCCTATAGG
CGATTTCGCAGCATTTGACGTCACCGCTTTTACGTGGCTTTATAAAAGACGACGAAAA
CTTTCACACTCCGCCCTATAAGTCGGATGAATGGAATAAAATGCATATCTGATTGCGTG
TTGCCGCAGGTCAATTCCCTTTTGGTCCGAACTCGCACATAATACGCCCCCGGTTTG
TGTAAACTAATGCCTTTACGTGGGCGGTGATTTTGTCTACAATCTTACCCCCACGTATA
CTATGATAAGGATTACTCATCTTATCCTTATCAAACCGTTAAAATGGGCGGTGTGAGCTTG
GCGTATCCGGTCACCTCTCACCTGACAGTTCGTGGTAAAATAGCCAACCTGTTCGACA
AGCTGCCGGTGTCTTTGCTGATCTGCTACGTACCCTCTCATGGAAGTTAGGAG
AAACAATTTCAGAATAGACAAAAACTCTGAGTGTAATAATGTAGCCTCGTGTCTTGCG
CGGCGAGGCTATCGATCTCAGCCAGCCTGATGTAATTTATCAGTCTATAAATGACC
GCCCATTTGCCAGTTTGTCTGAACGTGAATTGCAGATTATGCTGATGATCACCAAGG

TCGHDRADBDTGTTGABATNNWHNDWKTMNWNGGRTAAACTNWHG
CCACCGTGGACCTATTGAGAATATAGTAGAGTGCTTCTATCATGTCAATACACTAACTT
ATTCCTAATTTTTGTTGACACTCTATCATTGATAGAGTTATTTTACCACTCCCTATCAGT

TATTCATTTCACTTTTCTCTATCACTGATAGGGAGTGGTAAAATAACTCTATCAATGATA
GCCTTCTCCAAAACGTGTTTTTTGTTGTTAATTCGGTGTAGACTTGTAAACCTAAATCT
CCATCGGTGAAAATTTCTACCTGTTTAAGCATCTCTGGTAGACTTCCTGTAATTGAAT
CCTCCAGTGCGGTGTTTAAATCTTTGTGGGATCAGGGCATTATCTTACGTGATCAG
GGTGTATGCATTTATTTGCATACATTCAATCAATTGTTATAATTGT TATCTAAGGAAAT
TAGATAACAATTGATTGAATGTATGCAAATAAATGCATACACTATAGGTGTGGTTTAAT
CCCCCGCAGGGATGAGGAAGGTGGTCGACCGGGCTCGTATGTTGTGTGGAATTGTGAGC
CCCCCGCAGGGATGAGGAAGGTCGGTCGACCEGCTCGTATGTTGTGTGGAATTGTGAGC
ATCCCCGCAGGATGAGGAGCCTGGCAAACTAGCGATGATAACGTTGTGTTGAA
ATCCCCGCAGGAGGATGAGGAGCCTGGCAAACTAGCGATAACGTTGTGTTGAA

CCCCGCAGGATGAGGTCGAGCCTGGCARACTAGCGATAACGTTGTGTTGAA
ATCCCCGCAGGATGAGGAAGGTCAACATCGAGCCTGGAARACTAGCGATAACGTTGTGT
ATCCCCGCAGGATTAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATGAGAAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATAAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATGGGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT

TTACCGTGACATCGTGTAATGCACCTGTCGGCGTGATAATGCATATAATTTTAACGG

TGTTTCAACACCATGTATTAATTGTGTTTATTTGTAAAATTAATTTTCTGACAATAA

ATACGCTCAGATGATGAACATCAGTAGGGAAAATGCTTATGGTGTATTAGCTAARAGC

TTGCATCAAATGCTTGCGCCGCTTCTGACGATGAGTATAATGCCGGACAATTTGCCGG
GTAAGCGGTCATTTATGTCAGACTTGTCGTTTTACAGTTCGATTCAATTACAGGA
GATCCAGGACGATCCTTGCGCTTTACCCATCAGCCCGTATAATCCTCCACCCGGCGCG

CBRAAHTTHAYASTTKWCANHNNNDDVBNRNWYSNTATAATGCGM
GGAACACATTTAAAAACCCTCCTAAGTTTTGTAATCTATAAAGTTAGCAATTTA
TCACAATTCTCAAGTTGCTGATTTCAAARAACTGTAGTATCCTCTGCGAAACGATCCCT
TACTAGCAATACGCTTGCGTTCGGTGGTTAAGTATGTATAATGCGCGGGCTTGTCGT
AATGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAATTGTG
GCTATCTTGACAGTTGTCACGCTGATTGGTATCGTTACAATCTAACGTATCG
AAGTGCATCAGCGGTTGACAGAGGCCCTCAATCCAAACGATAAAGGGTGATGTGTTTACTG
TTTGCATCTCCCCCTTGATGACGTGGTTTACGACCCCATTTAGTAGTCAACCGCAGTG
ATGARATTGGGCAGTTGAAACCAGACGTTTCGCCCCTATTACAGACTCACARCCACA
GCCAGCGCTAAAGGTTTTCTCGCGTCCGCGATAGCGTAAAATAGCGCCGTAACCCC
GTACTAGTCTCAGTTTTTGT TARARAAGTGTGTAGGATATTGTTACTCGCTTTTAACAGG
TCCTCGCCTCAATGTTGTAGTGTAGAATGCGGCGTTTCTATTAATACAGACGTTAAT
GGTAGCGAAACGTTAGTTTGCAAGCTTTAATGCGGTAGTTTATCAC
TTCATACACGGTGCCTGACTGCGTTAGCAATTTAACTGTGATAAACTACCGCATTAAAGCTTA
AGCCAGGTCTGACCACCGGGCAACTTTTAGAGCACTATCGTGGTACAAAT
GCAAAAATAAATGCTTGACTCTGTAGCGGGAAGGCGTATTATGCACACCCCGCGCCGC
TTTATATTTTTCGCTTGTCAGGCCGGAATAACTCCCTATAATGCGCCACCACTGACACG
AAGCAAAGAAATGCTTGACTCTGTAGCGGGAAGGCGTATTATGCACACCGCCGCGCCG

YTTAWAWTDWNGWTBBAWADHTNTKYNTDDHNNNNTATAATRRNB
GCGTTAATAAGGTGTTAATAAAATATAGACTTTCCGTCTATTTACCTTTTCTGATTATT
CCTCGTGATACGCTTATTTTTATAGGTTAATGTCATGATAATAATGGTTT
TTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGTATTGTGAGCGGATAACAATTT
GTCATCGCTTGCATTAGAAAGGTTTCTGGCCGACCTTATAACCATTAATTACG
TTCTCATGTTTGACAGCTTATCATCGATAAGCTAAATTTTATATAAAATTTAGCT
TTCTCATGTTTGACAGCTTATCATCGATAAGCTAAATTTATATAAAATTTTATAT
ATTATCATTGACTAGCCCATCTCAATTGGTATAGTGATTAAAATCACCTAGA



consensus (2,2)
ISlins-PL
P22ant
TAC17
TnlQPout
Tn7-PLE
argR
dnaA-2p
glns

lsp
pPBRtet-15
PBRtet-22
rpmH2p
rpmH3p
rpoD-Phs
tyrT/212

nb, = 4, nb, = 2

consensus (0,0)
aral{c)
araI(c)X(c)
aroH
dnaK-P2
dnaQ-P1
dnaQ-P2
gal-P2/mut-1
gal-P2/mut-2
lambdalL57
rpld

consensus (0,1}
ISlins-PL
lacP115

metF

rnh

rpoB

rpoD-Pa

consensus (0, 2)
434PRM
Tn2661bla-Pb
fol
pSCl0loriP2
tnaA

consensus (0, 3)
IS21-11
argCBH-~P1/6—
argCBH-P1/LL
argl

PBRRNAT

consensus (1,0)
NRlrnaC/m
TAC16
TnSneo
ampC/Cl16
fumA
hisJ(st)
hiss

lep

malT
PBRtet-10
ppc
rrnB-P4

consensus (1,1)
C62.5-P1
TnlOPout
dapD

lsp

macll
malPQ/Ppl4
metBL
PBRH4-25
PBRP1
pEG3503
rpmHlp
rrnG-pP2
thrBp
trps

2.695
3.167
2,526
2.846
2.893
2.544
2.918
3.010
2.334
2.673
2.643
2.857
2.839
2.540
2.003

3.017
3.083
2.817
2.785
2.990
3.065
3.249
3.240
3.011
2.957

2.859
3.253
2.440
2.659
3.114
2.435

3.118
2.835
2,972
2.699
2.844

2,536
3.396
3.460
2.494
3.580

3.026
2.588
2,787
3.097
3.319
2.733
2.961
3.049
2.866
2.956
2,873
3.105

3.151
2.810
2.740
2.488
2.938
3.043
2.750
2,581
3.336
2,468
3.326
3.249
2.514
2,790
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TWDBNMNRNGGGTTGACAHBDYNNVVNNADYHNBY TATAATGCGC
CGAGGCCGGTGATGCTGCCAACTTACTGATTTAGTGTATGATGGTGTTTTTGAGGTGCT
TCCAAGTTAGTGTATTGACATGATAGAAGCACTCTACTATATTCTCAATAGGTCCACGG
AATGAGCTGTTGACAATTAATCATCCGGCTCGTATAATGTGTGGAATTGTG
AGTGTAATTCGGGGCAGAATTGGTAAAGAGAGTCGTGTAAAATATCGAGTTCGCACATC
ACTAGACAGAATAGTTGTAAACTGAAATCAGTCCAGTTATGCTGTGARAAAGCAT
TCGTCGCCGCGTTGCAGGAGCAAGGCTTTGACAATATTAATCAGTCTARAGTCTCGG
TCTGTGAGAAACAGAAGATCTCTTGCGCAGTTTAGGCTATGATCCGCGGTCCCGATCG
TAAAAAACTAACAGTTGTCAGCCTGTCCCGCTTATAAGATCATACGCCGTTATACGTT
TTTGTCCTGTTGACCTCCGGCGCTACCGTTGCAGACTATAACGACGCACCT
AAGAATTCTCATGTTTGACAGCTTATCATCGGTAGTTTATCACAGTTAAATTGC
AAGAATTCTCATGTTTGACAGCTTATCATCGATCACAGTTAAATTGCTAACGCAG
ATAAGGAAAGAGAATTGACTCCGGAGTGTACAATTATTACAATCCGGCCTCTTTAATC
AAATTTAATGACCATAGACAAAAATTGGCTTAATCGATCTAATAAAGATCCCAGGACG
ATGCTGCCACCCTTGAAAAACTGTCGATGTGGGACGATATAGCAGATAAG
GATCATACCTACACAGCTGAAGATATGATGCGCGCAGGTCGTGACG

CYCWACDDAACACTTTAYANYGBHGSGNHATWTKATATRWTDYBG
AGCGGATCCTACCTGGCGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTT
AGCGGATCCTACCTGGCGCTTTTTATCGCAACTCTCTACTATTTCTCCATACCCGTTTT

GTACTAGAGAACTAGTGCATTAGCTTATTTTTTTGTTATCATGCTAACCACCCGGCGAG
ATGAAATTGGGCAGTTGAAACCAGACGTTTCGCCCCTATTACAGACTCACAACCACA
GCCAGCGCTAAAGGTTTTCTCGCGTCCGCGATAGCGTAAAATAGCGCCGTAACCCC

CCATCGGTGAAAATTTCTACCTGTTTAAGCATCTCTGGTAGACTTCCTGTAATTGAAT

TAATTTATTCCATGTCACACTTTTCGCATCTTTGTTATACTATGGTTATTTCATAC

TAATTTATTCCATGTCACACTTTTCGCATTTTTGTTATGCTATGGTTATTTCATAC

TGATAAGCAATGCTTTTTTATAATGCCAACTTAGTATAAAATAGCCAACCTGTTCGACA
TGTAAACTAATGCCTTTACGTGGGCGGTGATTTTGTCTACAATCTTACCCCCACGTATA

STKAAWTTWATKVYKSAWAAYTTTWSTYTNTATKTWATVATHAHD
CGAGGCCGGTGATGCTGCCAACTTACTGATTTAGTGTATGATGGTGTTTTTGAGGTGCT
TTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGTATTGTGAGCGGATAACAATTT
TTTTCGGTTGACGCCCTTCGGCTTTTCCTTCATCTTTACATCTGGACG

GTAAGCGGTCATTTATGTCAGACTTGTCGT TTTACAGT TCGATTCAATTACAGGA
CGACTTAATATACTGCGACAGGACGTCCGTTCTGTGTAAATCGCAATGAAATGGTTTAA
CGCCCTGTTCCGCAGCTAAAACGCACGACCATGCGTATACTTATAGGGTT

SYMATATTNHKGTTGAWAAHYDBTBTTDTWHTKGATAKAATDGHY
ACAATGTATCTTGTTTGTCAAATACAGTTTTTCTTGTGAAGATTGGGGGTAAATAACAGA
CCTCGTGATACGCTTATTTTTATAGGTTAATGTCATGATAATAATGGTTT
CATCCTCGCACCAGTCGACGACGGTTTACGCTTTACGTATAGTGGCGACAATTTTTTTT
ATTATCATTGACTAGCCCATCTCAATTGGTATAGTGATTAAAATCACCTAGA
AAACAATTTCAGAATAGACAAAAACTCTGAGTGTAATAATGTAGCCTCGTGTCTTGCG

SCAADDAAKTCDTGRADWWATGCMBCKGHTAAKGATACAVTGARA
ATGTCTGGAAATATAGGGGCAAATCCACTAGTATTAAGACTATCACTTATT
TTTGTTTTTCATTGTTGACACACCTCTGGTCATAATATTATCAATATTCATGCAGTAT
TTTGTTTTTCATTGTTGACACACCTCTGGTCATGATATTATCAATATTCATGCAGTAT
AGACTTGCAAATGAATAATCATCCATATAAATTGAATTTTAATTCATTGA
GTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTG

ACGGAMYTYAYNGTTGNHAWCY TBNWHGHS SWTBKTATAATCTDA
TCACAATTCTCAAGTTGCTGATTTCAAAAAACTGTAGTATCCTCTGCGAAACGATCCCT
AATGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAATTGTG
CAAGCGAACCGGAATTGCCAGCTGGGGCGCCCTCTGGTAAGGTTGGGARGCCCTGCAA
GCTATCTTGACAGTTGTCACGCTGATTGGTATCGTTACAATCTAACGTATCG
GTACTAGTCTCAGTTTTTGTTAAAAAAGTGTGTAGGATATTGTTACTCGCTTTTAACAGG
TAGAATGCTTTGCCTTGTCGGCCTGATTAATGGCACGATAGTCGCATCGGATCTG
AAATAATAACGTGATGGGAAGCGCCTCGCTTCCCGTGTATGATTGAACCCGCATGGCTC
TCCTCGCCTCAATGTTGTAGTGTAGAATGCGGCGTTTCTATTAATACAGACGTTAAT
GTCATCGCTTGCATTAGAAAGGTTTCTGGCCGACCTTATAACCATTAARTTACG
AAGAATTCTCATGTTTGACAGCTTATCATCGATGCGGTAGTTTATCACAGTTA
CGATTTCGCAGCATTTGACGTCACCGCTTTTACGTGGCTTTATAAAAGACGACGAAAA
GCGTATCCGGTCACCTCTCACCTGACAGTTCGTGGTAAAATAGCCAACCTGTTCGACA

ACCKGAYDVHTGMTTTAVGHVWTCDYVTVHTGWBDMATWAWGWSM
CACCTGCTCTCGCTTGAAATTATTCTCCCTTGTCCCCATCTCTCCCACATCCTGTTTT
AGTGTAATTCGGGGCAGAATTGGTAARGAGAGTCGTGTAARAATATCGAGTTCGCACATC
AAGTGCATCAGCGGTTGACAGAGGCCCTCAATCCAAACGATAAAGGGTGATGTGTTTACTG
TTTGTCCTGTTGACCTCCGGCGCTACCGTTGCAGACTATAACGACGCACCT
CCCCCGCAGGGATGAGGAAGGTGGTCGACCGGGCTCGTATGT TGTGTGGAATTGTGAGC
ATCCCCGCAGGATGAGGAAGGTCAACATCGAGCCTGGAAACTAGCGATAACGTTGTGT
TTACCGTGACATCGTGTAATGCACCTGTCGGCGTGATAATGCATATAATTTTAACGG
TCGTTTTCAAGAATTCATTAATGCGGTAGTTTATCACAGTTA
TTCATACACGGTGCCTGACTGCGTTAGCAATTTAACTGTGATAAACTACCGCATTARAGCTTA
GGCTGGACTTCGAATTCATTAATGCGGTAGTTTATCACAGTTA
GATCCAGGACGATCCTTGCGCTTTACCCATCAGCCCGTATAATCCTCCACCCGGCGCG
AAGCAAAGAAATGCTTGACTCTGTAGCGGGAAGGCGTATTATGCACACCGCCGCGCCG
AGCTGCCGGTGTCTTTGCTGATCTGCTACGTACCCTCTCATGGAAGTTAGGAG
CGGCGAGGCTATCGATCTCAGCCAGCCTGATGTAATTTATCAGTCTATARATGACC
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BYNMGRTKBWWSGDRAYRBNSWGYGDGTDWBHTGDTAGAATAVHG
ATCCCCGCAGGATGAGGAAGGTCAACATCGAGCCTGGAARACTAGCGATAACGTTGTGT
ATCCCCGCAGGATTAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATGAGAAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATAAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATGGGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT

GYCNYGHBSTTGTTGABATTDWINCHDTNBGCGGWTAHACTBDWG
CCACCGTGGACCTATTGAGAATATAGTAGAGTGCTTCTATCATGTCAATACACTAACTT
AATGAGCTGTTGACAATTAATCATCCGGCTCGTATAATGTGTGGAATTGTG
ATTCCTAATTTTTGTTGACACTCTATCATTGATAGAGTTATTTTACCACTCCCTATCAGT
GCCTTCTCCAAAACGTGTTTTTTGTTGTTAATTCGGTGTAGACTTGTAAACCTAAATCT
TTTGCATCTCCCCCTTGATGACGTGGTTTACGACCCCATTTAGTAGTCAACCGCAGTG
CCTCCAGTGCGGTGTTTAAATCTTTGTGGGATCAGGGCATTATCTTACGTGATCAG
GTTGACATCCGTTTTTGTATCCAGTAACTCTAAAAGCATATCGCATT
CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGGCTCGTATGTTGTGTGGAAT TGTGAGC
CCCCCGCAGGGATGAGGAAGGTCGACCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGC
CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGCTCGTATGTTGTGTGGAATTGTGAGCG
CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGCTCGTATAT TGTGTGGAATTGTGAGCG
ATCCCCGCAGGATGAGGAGCCTGGCAAACTAGCGATGATAACGTTGTGT TGAA
GATCATACCTACACAGCTGAAGATATGATGCGCGCAGGTCGTGACG

ACKCADWTTHCKMT TGHBDNAHDDNNNNRAMHCVSTATAATGCGC
GGAACACATTTAAAAACCCTCCTAAGTTTTGTAATCTATAAAGTTAGCAATTTA
TACTAGCAATACGCTTGCGTTCGGTGGTTAAGTATGTATAATGCGCGGGCTTGTCGT
AATTCTCATGTTTGACAGCTTATCATCGATAAGCTAGCTTTAATGCGGTAGTTTAT
TTCTCATGTTTGACAGCTTATCATCGATAAGCTAAATTTTATATAAAATTTAGCT
CTTTCACACTCCGCCCTATAAGTCGGATGAATGGAATAAAATGCATATCTGATTGCGTG
TTGCATCAAATGCTTGCGCCGCTTCTGACGATGAGTATAATGCCGGACAATTTGCCGG
AGCCAGGTCTGACCACCGGGCAACTTTTAGAGCACTATCGTGGTACAAAT
GCAAARAATAAATGCTTGACTCTGTAGCGGGAAGGCGTATTATGCACACCCCGCGCCGC
TTTATATTTTTCGCTTGTCAGGCCGGAATAACTCCCTATAATGCGCCACCACTGACACG

HCKBVTTWHWTCKNSCBCNAAHCKHDCNRBKAHBBTWTAATCBEN
CTCTGGCTGCCAATTGCTTAAGCAAGATCGGACGGTTAATGTGTTTTACACATTTTTTC

TSGDYRCAKNTCNTGACKBCDWNMAWAWGBHMKBAWDTHCTBHWH
TCGTCGCCGCGTTGCAGGAGCAAGGCTTTGACAATATTAATCAGTCTAARAGTCTCGG
CGGCTCCAGGTTACTTCCCGTAGGATTCTTGCTTTAATAGTGGGATTAATTTCCACATTA

GTTAWWAAVNTSTTGACDNWHHRNNAATKWDGWKNTARAY TDAWV
GCGTTAATAAGGTGTTAATAARRATATAGACTTTCCGTCTATTTACCTTTTCTGATTATT
ARAATTTTGAAAAGTAACTTTATAGAAAAGAATAATACTGAAAAGTCAATTTGGTG
GTCACAATTCTCAAGTCGCTGATTTCAAAAAACTGTAGTATCCTCTGCGAAACGATCCCT
GGTTTATAAAATTCTTGAAGACGAAAGGGCCTCGTGATACGCTTATTTTTATAGGTTAA
TTGTCATAATCGACTTGTAAACCAAATTGAAAAGATTTAGGTTTACAAGTCTACACCGAA
GACAGGCACAGCATTGTACGATCAACTGATTTGTGCCAATAATTAAATGAAATCAC
GGTGTATGCATTTATTTGCATACATTCAATCAATTGTTATAATTGTTATCTAAGGARAT
TAGATAACAATTGATTGAATGTATGCARAATAAATGCATACACTATAGGTGTGGTTTAAT
TGTTGTTTAAAAATTGTTAACAATTTTGTAAAATACCGACGGATAGAACGA
GGTAGCGAAACGTTAGTTTGCAAGCTTTAATGCGGTAGTTTATCAC
TTCTCATGTTTGACAGCTTATCATCGATAAGCTAAATTTATATAAAATTTTATAT
TGTTTCAACACCATGTATTAATTGTGTTTATTTGTAAAATTAATTTTCTGACAATAA
ATATTGTTAATTTCTTCACTTTCCGCTGATTCGGTGCTAGACTGAAATCAGCCTATAGG
CCCTTGAARAACTGTCGATGTGGGACGATATAGCAGATAAGAATATTGCT

AABGWANATGGGTTGAMAHKDBYBSSSVAWVHMYCTATAMTGCGC
ACACGCGGTTGCTCTTGAAGTGTGCGCCAAAGTCCGGCTACACTGGAAGGACAGATTTGG
TCCAAGTTAGTGTATTGACATGATAGAAGCACTCTACTATATTCTCAATAGGTCCACGG
AATGAGCTGTTGACAATTAATCATCGCGGCTCGTATAATGTGTGGAATTGTG
ACTAGACAGAATAGTTGTAAACTGAAATCAGTCCAGTTATGCTGTGAAAMAGCAT
TCTGTGAGAAACAGAAGATCT CTTGCGCAGTTTAGGCTATGATCCGCGGTCCCGATCG
TAAAAAACTAACAGTTGTCAGCCTGTCCCGCTTATAAGATCATACGCCGTTATACGTT
ATCCCCGCAGGAGGATGAGGAGCCTGGCAAACTAGCGATAACGTTGTGTTGAA
AAGAATTCTCATGTTTGACAGCTTATCATCGATCACAGTTAAATTGCTAACGCAG
TTTGTAGAGGAGCAAACAGCGTTTGCGACATCCTTTTGTAATACTGCGGAA
ATACGCTCAGATGATGAACATCAGTAGGGAAAATGCTTATGGTGTATTAGCTAAAGC
TTGCCGCAGGTCAATTCCCTTTTGGTCCGAACTCGCACATAATACGCCCCCGGTTTG
ATAAGGAAAGAGAATTGACTCCGGAGTGTACAATTATTACAATCCGGCCTCTTTAATC
AAATTTAATGACCATAGACAAAAATTGGCTTAATCGATCTAATAAAGATCCCAGGACG
ATGCTGCCACCCTTGAARAACTGTCGATGTGGGACGATATAGCAGATAAG
CTATGATAAGGATTACTCATCTTATCCTTATCAAACCGT TAAAATGGGCGGTGTGAGCTTG

BWGTTYTCASGNTWGACABYVCVRAMWCWWYABGHTWTMATGNDC
AAGAATTCTCATGTTTGACAGCTTATCATCGGTAGTTTATCACAGTTAAATTGC
GCCCATTTGCCAGTTTGTCTGAACGTGAATTGCAGATTATGCTGATGATCACCRAGG

CDGHDYWHWDHY TTVMVADNNWARWNAYANTATBGTWACYTTAHT
CCGCATCATTGCTTTGCGCTGARACAGTCAAAGCGGTTATATTCATATGCGGATGGCG
CCCCGCAGGATGAGGTCGAGCCTGGCAAACTAGCGATAACGTTGTGTTGAA
CAGTATTTGCATTTTTTACCCAAAACGAGTAGAATTTGCCACGTTTCAGGCG
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MDAAAAAWGT THTTGACWWHWWAHAYWAHNWDKDDTAAADWTAAA
TATTCATTTCACTTTTCTCTATCACTGATAGGGAGTGGTAAAATAACTCTATCAATGATA
TTGTTAATTCGGTGTAGACTTGTAAACCTARATCTTTTAAATTTGGTTTACAAGTCGAT

ATCAAAAAAATATTCTCAACATAARMAACTTTGTGTTATACTTGTAACGCTACATGGA
ATCAAAAAAATATTCTCAACATAAAAAACTTTGTGTTATAATTGTAACGCTACATGGA

ATCAAAAAAATATTCACAACATAAAAAACTTTGTGTAATACTTGTAACGCTACATGGA

ATCAAAAAAATATTGACAACATARAAAACTTTGTGTAATACTTGTAACGCTACATGGA

ATCAARAAAAATATTGACAACATAAAAAACTTTGTGTTATAATTGTAACGCTACATGGA

GGTAGGTAGCGAAACGTTAGT TTGAATGGAAAGATGCCTGCAGACACATARA

AASGANNABGGGTTGAMAHDRSCSS SCDAWVHMBBTATAATGCGC
ACTAGACAGAATAGTTGTAAACTGAAATCAGTCCAGT TATGCTGTGAAAAAGCAT

CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGCTCGTATGTTGTGTGGAATTGTGAGCG

CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGCTCGTATATTGTGTGGAATTGTGAGCG
ATAAGGAAAGAGAATTGACTCCGGAGTGTACAATTATTACAATCCGGCCTCTTTAATC

HTYRWADWTTWSTTGAAATKTTBYGBGSAWMWGVCTADAATRSCS
GTCACAATTCTCAAGTCGCTGATTTCAAAAAACTGTAGTATCCTCTGCGARACGATCCCT
CCTCGTGATACGCTTATTTTTATAGGT TAATGTCATGATAATAATGGTTT
ATGCTGCCACCCTTGAAAAACTGTCGATGTGGGACGATATAGCAGATAAG

TATMKNADSKTGTTGAGNTBYTWKWTBTHKNVGGSTAAWYTDYTG
CCACCGTGGACCTATTGAGAATATAGTAGAGTGCTTCTATCATGTCAATACACTAACTT
AGTGTAATTCGGGGCAGAATTGGTAAAGAGAGTCGTGTAAAATATCGAGTTCGCACATC

CCATCGGTGAAAATTTCTACCTGTTTAAGCATCTCTGGTAGACTTCCTGTAATTGAAT
CCTCCAGTGCGGTGTTTARATCTTTGTGGGATCAGGGCATTATCTTACGTGATCAG
ATCCCCGCAGGATGAGGAAGGTCAACATCGAGCCTGGAAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATTAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATGAGAAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATAAGGAAGGTCAACATCGAGCCTGGCARACTAGCGATAACGTTGTGT
ATCCCCGCAGGATGGGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT

TTACCGTGACATCGTGTAATGCACCTGTCGGCGTGATAATGCATATAATTTTAACGG

TRTADACRYCACTWGACACWGWAYDADCGYACKGDWWMAHTDDTH
GTCATCGCTTGCATTAGAARGGTTTCTGGCCGACCTTATAACCATTAATTACG

TGWAAAAAVCNVTTNMHAWHWTAAAAHAAWHDGTGTAARDTDWAT
AAATTTTGAAAAGTAACTTTATAGAAAAGAATAATACTGAAAAGTCAATTTGGTG
TTGTCATAATCGACTTGTAAACCAAATTGAAAAGATTTAGGTTTACAAGTCTACACCGAA
TAGATAACAATTGATTGAATGTATGCAARATAAATGCATACACTATAGGTGTGGTTTAAT
ATCAAAAAAATATTCACAACATAAAAAACTTTGTGTAATACTTGTAACGCTACATGGA
ATCAAAAAAATATTGACAACATAAAAAACTTTGTGTAATACTTGTAACGCTACATGGA

CNCYAWTTWHCDMTTGHCDHMHVGRGVGRAMRCCSTATAATGCGC
AATGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAATTGTG
GCAAAAATAAATGCTTGACTCTGTAGCGGGAAGGCGTATTATGCACACCCCGCGCCGC
TTTATATTTTTCGCTTGTCAGGCCGGAATAACTCCCTATAATGCGCCACCACTGACACG
AAGCAAAGAAATGCTTGACTCTGTAGCGGGAAGGCGTATTATGCACACCGCCGCGCCG

YDTCTGATGCTTCGCGCTTTTTATCCGTARAAAAGCTATAATGCAC
GGAACACATTTAAAAACCCTCCTAAGTTTTGTAATCTATAAAGTTAGCAATTTA
TACTAGCAATACGCTTGCGTTCGGTGGTTAAGTATGTATAATGCGCGGGCTTGTCGT

AGCGGATCCTACCTGGCGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTT
AGCGGATCCTACCTGGCGCTTTTTATCGCAACTCTCTACTATTTCTCCATACCCGTTTT
GACAGGCACAGCATTGTACGATCAACTGATTTGTGCCAATAATTAAATGAAATCAC
TCTGTGAGAAACAGAAGATCTCTTGCGCAGTTTAGGCTATGATCCGCGGTCCCGATCG
TAAARAACTAACAGTTGTCAGCCTGTCCCGCTTATAAGATCATACGCCGTTATACGTT
TAGAATGCTTTGCCTTGTCGGCCTGATTAATGGCACGATAGTCGCATCGGATCTG
ARATAATAACGTGATGGGAAGCGCCTCGCTTCCCGTGTATGATTGAACCCGCATGGCTC
TTCATACACGGTGCCTGACTGCGTTAGCAATTTAACTGTGATAAACTACCGCATTAAAGCTTA
AAGAATTCTCATGTTTGACAGCTTATCATCGATCACAGTTAAATTGCTAACGCAG
ATTATCATTGACTAGCCCATCTCAATTGGTATAGTGATTAAAATCACCTAGA
CTTTCACACTCCGCCCTATAAGTCGGATGAATGGAATAAAATGCATATCTGATTGCGTG
TTGCATCAAATGCTTGCGCCGCTTCTGACGATGAGTATAATGCCGGACAATTTGCCGG
TTGCCGCAGGTCAATTCCCTTTTGGTCCGAACTCGCACATAATACGCCCCCGGTTTG
GATCCAGGACGATCCTTGCGCTTTACCCATCAGCCCGTATAATCCTCCACCCGGCGCG

CKTHBRYSDGTGTTGWYWWT THTACMKBWGDBGGWKATACTGDWB
GATCATACCTACACAGCTGAAGATATGATGCGCGCAGGTCGTGACG

TGCGCSMMRGTCKTGACRKSGARAAWRMMGY SKYRWRKCKTKYAY
TCCAAGTTAGTGTATTGACATGATAGAAGCACTCTACTATATTCTCAATAGGTCCACGG
CAAGCGAACCGGAATTGCCAGCTGGGGCGCCCTCTGGTAAGGTTGGGAAGCCCTGCAA

TTTGCATCTCCCCCTTGATGACGTGGTTTACGACCCCATTTAGTAGTCAACCGCAGTG
TCCTCGCCTCAATGTTGTAGTGTAGAATGCGGCGTTTCTATTAATACAGACGTTAAT
CCCCCGCAGGGATGAGGAAGGTCGACCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGC

CCCCGCAGGATGAGGTCGAGCCTGGCAAACTAGCGATAACGTTGTGTTGAA

GCCCATTTGCCAGTTTGTCTGAACGTGAATTGCAGATTATGCTGATGATCACCAAGG

YRKTAAAWGWWCTTGACWNWADDAAAYWAWDWKKAKTWAAWTWAAA
TGTTTCAACACCATGTATTAATTGTGT TTATTTGTAAAATTAATT TTCTGACAATAA
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CBMRASTTAACRCTTTACRBYKBCGCSTCATDTGATATRATVMGC
ATGAAATTGGGCAGTTGAAACCAGACGTTTCGCCCCTATTACAGACTCACAACCACA
CCCCCGCAGGGATGAGGAAGGTGGTCGACCGGGCTCGTATGTTGTGTGGAATTGTGAGC
CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGGCTCGTATGTTGTGTGGAATTGTGAGC

CGMHWAATANCANKTGWAHHHTKTCTBCTRTTTGTTATRMTHTBK
GTACTAGAGAACTAGTGCATTAGCTTATTTTTTTGTTATCATGCTAACCACCCGGCGAG
GCCTTCTCCAARACGTGTTTTTTGTTGTTAATTCGGTGTAGACTTGTAAACCTAAATCT

TAATTTATTCCATGTCACACTTTTCGCATCTTTGTTATACTATGGTTATTTCATAC

TAATTTATTCCATGTCACACTTTTCGCATTTTTGTTATGCTATGGTTATTTCATAC
ATCAAAAAAATATTCTCAACATARAAAACTTTGTGTTATACTTGTAACGCTACATGGA
ATCAAAAAAATATTCTCAACATAAAAAACTTTGTGTTATAATTGTAACGCTACATGGA
ATCAAAAAAATATTGACAACATAAAAAACTTTGTGTTATAATTGTAACGCTACATGGA

TGTAAACTAATGCCTTTACGTGGGCGGTGATTTTGTCTACAATCTTACCCCCACGTATA

TTWHYGYCADKBTTGMCAGYTTHHCDHCWGTATGTTWTAAT SHBT
AAGAATTCTCATGTTTGACAGCTTATCATCGGTAGTTTATCACAGTTARATTGC
TTTGTAGAGGAGCAAACAGCGTTTGCGACATCCTTTTGTAATACTGCGGAA

YTTKMWTYTTTCTWYMCRKWYMMTYRRMRMGGTGTTAWAWTGMY S
AATGAGCTGTTGACAATTAATCATCCGGCTCGTATAATGTGTGGAATTGTG
TATTCATTTCACTTTTCTCTATCACTGATAGGGAGTGGTAAAATAACTCTATCAATGATA
TTGTTAATTCGGTGTAGACTTGTAAACCTAAATCTTTTAAATTTGGTTTACAAGTCGAT
TTTACACTTTATGCTTCCGGCTCGTATGT TGTGTGGTATTGTGAGCGGATAACAATTT
GGTGTATGCATTTATTTGCATACATTCAATCAATTGTTATAATTGTTATCTAAGGAAAT
GTTGACATCCGTTTTTGTATCCAGTAACTCTAAAAGCATATCGCATT
CGGCTCCAGGTTACTTCCCGTAGGATTCTTGCTTTAATAGTGGGATTAATTTCCACATTA
TCGTTTTCAAGAATTCATTAATGCGGTAGTTTATCACAGTTA
AAGAATTCTCATGTTTGACAGCTTATCATCGATGCGGTAGTTTATCACAGTTA
TTCTCATGTTTGACAGCTTATCATCGATAAGCTAAATTTTATATAAAATTTAGCT
TTCTCATGTTTGACAGCTTATCATCGATAAGCTAAATTTATATAAAATTTTATAT
AGCCAGGTCTGACCACCGGGCAACTTTTAGAGCACTATCGTGGTACAAAT
CTATGATAAGGATTACTCATCTTATCCTTATCAAACCGTTAAAATGGGCGGTGTGAGCTTG
GCGTATCCGGTCACCTCTCACCTGACAGTTCGTGGTAAAATAGCCAACCTGTTCGACA

CAGWWWHBAAYCTTCMCDTTNADVHHAWCCTATVGTAHHBT TWWA
TCACAATTCTCAAGTTGCTGATTTCAAAAAACTGTAGTATCCTCTGCGAAACGATCCCT
CGGCGAGGCTATCGATCTCAGCCAGCCTGATGTAATT TATCAGTCTATAAATGACC

NSGGANBTVASACKTKHHANCBKTHAACTYHWTBNWATAHTCAWA
GTACTAGTCTCAGTTTTTGTTAAAAAAGTGTGTAGGATATTGTTACTCGCTTTTAACAGG
TGTTGTTTAAAAATTGTTAACAATTTTGTAAAATACCGACGGATAGAACGA
CGCCCTGTTCCGCAGCTAARACGCACGACCATGCGTATACTTATAGGGTT

YYNDNTTTAATCGCCAGCAAAAATAACTGGTTACCTTTAATCCGT
GCGTTAATAAGGTGTTAATAAAATATAGACTTTCCGTCTATTTACCTTTTCTGATTATT

TCGTCGCCGCGTTGCAGGAGCAAGGCTTTGACAATATTAATCAGTCTAAAGTCTCGG
CATCCTCGCACCAGTCGACGACGGTTTACGCTTTACGTATAGTGGCGACAATTTTTTTT

TGATAAGCAATGCTTTTTTATAATGCCAACTTAGTATAAAATAGCCAACCTGTTCGACA
ATCCCCGCAGGATGAGGAGCCTGGCAAACTAGCGATGATAACGTTGTGTTGAA

CAGTATTTGCATTTTTTACCCAARACGAGTAGAATTTGCCACGTTTCAGGCG
CGATTTCGCAGCATTTGACGTCACCGCTTTTACGTGGCTTTATAAAAGACGACGAAAA
AAATTTAATGACCATAGACAAAAATTGGCTTAATCGATCTAATAAAGATCCCAGGACG

CTKGAGTKHAASTNGNKAVACCKTKYGHTDTATKATANRATABCG

AAGTGCATCAGCGGTTGACAGAGGCCCTCAATCCAAACGATAAAGGGTGATGTGTTTACTG
GCCAGCGCTAAAGGTTTTCTCGCGTCCGCGATAGCGTAAAATAGCGCCGTAACCCC

TTTTCGGTTGACGCCCTTCGGCTTTTCCTTCATCTTTACATCTGGACG

YTGCGCTTGTCCTTTCGAATTGAAATTGGATAGCGTAACCTTACT
CGAGGCCGGTGATGCTGCCAACTTACTGATTTAGTGTATGATGGTGTTTTTGAGGTGCT
ATTCCTAATTTTTGTTGACACTCTATCATTGATAGAGTTATTTTACCACTCCCTATCAGT
CCGCATCATTGCTTTGCGCTGAAACAGTCAAAGCGGTTATATTCATATGCGGATGGCG
CTCTGGCTGCCAATTGCTTAAGCAAGATCGGACGGTTAATGTGTTTTACACATTTTTTC
TTTGTCCTGTTGACCTCCGGCGCTACCGTTGCAGACTATAACGACGCACCT
ATCCCCGCAGGAGGATGAGGAGCCTGGCAAACTAGCGATAACGTTGTGTTGAA
GGTAGGTAGCGAAACGTTAGTTTGAATGGAAAGATGCCTGCAGACACATAAA
GGTAGCGAAACGT TAGTTTGCAAGCTTTAATGCGGTAGTTTATCAC
GGCTGGACTTCGAATTCATTAATGCGGTAGTTTATCACAGTTA
ATACGCTCAGATGATGAACATCAGTAGGGAAAATGCTTATGGTGTATTAGCTAAAGC
GTAAGCGGTCATTTATGTCAGACTTGTCGTTTTACAGTTCGATTCAATTACAGGA
CCCTTGAAAAACTGTCGATGTGGGACGATATAGCAGATAAGAATATTGCT
AGCTGCCGGTGTCTTTGCTGATCTGCTACGTACCCTCTCATGGAAGTTAGGAG

CTIGGATWTTWTTYWSACWTWHWKCWCYYYCGRTGHTAGAHTTARH
ATATTGTTAATTTCTTCACTTTCCGCTGATTCGGTGCTAGACTGAAATCAGCCTATAGG

SYMKNCBTKAYWRTKGBMADNGT TADHSWNGWHTTWWTHAT SKRA
GCTATCTTGACAGTTGTCACGCTGATTGGTATCGTTACAATCTAACGTATCG

YTKKTNTTGAVMTTGTGAADAAMMHNGSRKTATGATHHHAVWMT S
AAACAATTTCAGAATAGACAAARAACTCTGAGTGTAATAATGTAGCCTCGTGTCTTGCG
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CTAVTWAATAMATKBWAAHATRHMTCYGCTCATGAKASAATRAMH
ACAATGTATCTTGTTTGTCAAATACAGTTTTTCTTGTGAAGATTGGGGGTAAATAACAGA
GGTTTATAAAATTCTTGAAGACGAAAGGGCCTCGTGATACGCTTATTTTTATAGGTTAA

TTTGTTTTTCATTGTTGACACACCTCTGGTCATAATATTATCAATATTCATGCAGTAT

TTTGTTTTTCATTGTTGACACACCTCTGGTCATGATATTATCAATATTCATGCAGTAT

AGACTTGCAAATGAATAATCATCCATATAAATTGAATTTTAATTCATTGA

CGACTTAATATACTGCGACAGGACGTCCGTTCTGTGTARATCGCAATGAAATGGTTTAA

ATTAGTWDDTCTTKAAGWAATGSVCCBGTKAAGGMTAAASTSAAA
CACCTGCTCTCGCTTGAAATTATTCTCCCTTGTCCCCATCTCTCCCACATCCTGTTTT
ACACGCGGTTGCTCTTGAAGTGTGCGCCAAAGTCCGGCTACACTGGAAGGACAGATTTGG
ATGTCTGGAAATATAGGGGCAAATCCACTAGTATTAAGACTATCACTTATT
AATGAGCTGTTGACAATTAATCATCGCGGCTCGTATAATGTGTGGAATTGTG
ATCCCCGCAGGATGAGGAAGGTCAACATCGAGCCTGGAAACTAGCGATAACGTTGTGT
AATTCTCATGTTTGACAGCTTATCATCGATAAGCTAGCTTTAATGCGGTAGTTTAT
GTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTG

TYAACDDAACACTTTACAKYGGYGCGHHATWT KATAWRWTRYBSM
GGAACACATTTAAAAACCCTCCTAAGTTTTGTAATCTATAAAGTTAGCAATTTA
GCCAGCGCTARAGGTTTTCTCGCGTCCGCGATAGCGTAAAATAGCGCCGTAACCCC
TGATAAGCAATGCTTTTTTATAATGCCAACTTAGTATAAAATAGCCAACCTGTTCGACA
TGTAAACTAATGCCTTTACGTGGGCGGTGATTTTGTCTACAATCTTACCCCCACGTATA

YVAAWHTWWTGVTGVAWAWCTTTDCTYTVTATGTTATGATWAMGT
TTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGTATTGTGAGCGGATAACAATTT
GGTAGCGAAACGTTAGTTTGCAAGCTTTAATGCGGTAGTTTATCAC

TCMTAMHKAVRT TCAAADATGTWBCYGY TYATGAGABAATAACYC
CCTCGTGATACGCTTATTTTTATAGGT TAATGTCATGATAATAATGGTTT
TAAARAACTAACAGTTGTCAGCCTGTCCCGCTTATAAGATCATACGCCGTTATACGTT

TCMTRTTBKTGTTGMMWWWHT BWBYWCTKBTGGBKAKAATGGACA
ATTCCTAATTTTTGT TGACACTCTATCATTGATAGAGTTATTTTACCACTCCCTATCAGT
CCCCCGCAGGGATGAGGAAGGTCGACCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGC

TCTTNKDTKRRTTGBAATDABYBBSGGAASHVCNTATAATGCGCV
CACCTGCTCTCGCTTGAAATTATTCTCCCTTGTCCCCATCTCTCCCACATCCTGTTTT
TCGTCGCCGCGTTGCAGGAGCAAGGCTTTGACAATATTAATCAGTCTAAAGTCTCGG
TTTGTCCTGTTGACCTCCGGCGCTACCGTTGCAGACTATAACGACGCACCT
TTGCCGCAGGTCAATTCCCTTTTGGTCCGAACTCGCACATAATACGCCCCCGGTTTG

RCTAWTTWHYKCTTGWSDHCMMGRGRGRAMWCCCTATAATGCGCC
TACTAGCAATACGCTTGCGTTCGGTGGTTAAGTATGTATAATGCGCGGGCTTGTCGT
TTGTTAATTCGGTGTAGACTTGTAAACCTARATCTTTTAAATTTGGTTTACAAGTCGAT
TTCATACACGGTGCCTGACTGCGTTAGCAATTTAACTGTGATAAACTACCGCATTAAAGCTTA

GATCCAGGACGATCCTTGCGCTTTACCCATCAGCCCGTATAATCCTCCACCCGGCGCG

CGACTTAATATACTGCGACAGGACGTCCGTTCTGTGTAAATCGCAATGAAATGGTTTAA
GCAAAAATAAATGCTTGACTCTGTAGCGGGAAGGCGTATTATGCACACCCCGCGCCGC
TTTATATTTTTCGCTTGTCAGGCCGGAATAACTCCCTATAATGCGCCACCACTGACACG
AAGCAAAGAAATGCTTGACTCTGTAGCGGGAAGGCGTATTATGCACACCGCCGCGCCG

GCCCATTTGCCAGTTTGTCTGAACGTGAATTGCAGATTATGCTGATGATCACCAAGG

SGAANTTNMCABTTGNHAWYTTTYANCTYMATGWWATAHTCADAM
AGCCAGGTCTGACCACCGGGCAACTTTTAGAGCACTATCGTGGTACAAAT

YACWAMTMTY S STTKWMSWWWGY KTMKCS SKTGRWATAAWSKCWR
AATGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAATTGTG
GTACTAGTCTCAGTTTTTGTTAAAAAAGTGTGTAGGATATTGTTACTCGCTTTTAACAGG
CTCTGGCTGCCAATTGCTTAAGCAAGATCGGACGGTTAATGTGTTTTACACATTTTTTC
CCCTTGAAAAACTGTCGATGTGGGACGATATAGCAGATAAGAATATTGCT

CAMWNHKSAWGTGGAWAARHCAWCWTBAHNAATGATADAATDGYDA
ATCCCCGCAGGATGAGGAAGGTCAACATCGAGCCTGGAAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATTAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATGAGAAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATAAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATGGGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT

THMMAARKWS GAWGRWRWKWRSYKKS SRWAWRRRKAAAMTARMGK

ATGAAATTGGGCAGTTGARACCAGACGTTTCGCCCCTATTACAGACTCACAACCACA

ATCCCCGCAGGAGGATGAGGAGCCTGGCAAACTAGCGATAACGTTGTGTTGAA
AAATTTAATGACCATAGACAAAAATTGGCTTAATCGATCTAATAARAGATCCCAGGACG

GCVAAVWDDHBWTGAMYTTWWSMGSGMATAWMDSTATAMTGMYSB

GTCACAATTCTCAAGTCGCTGAT TTCAAAAAACTGTAGTATCCTCTGCGARACGATCCCT
TCTGTGAGAAACAGAAGATCTCITGCGCAGTTTAGGCTATGATCCGCGGTCCCGATCG

CCCCGCAGGATGAGGTCGAGCCTGGCAAACTAGCGATAACGTTGTGTTGAA

GHGAAHDBRGGKTGACRMGGBSGSGCDAWHHCTBTATAMTGCGCS
CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGGCTCGTATGTTGTGTGGAATTGTGAGC
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CATWMCTTATHGT TKWMAMASTCAAAGMKGWTNTTWTAATGGAAA
GCTATCTTGACAGTTGTCACGCTGATTGGTATCGTTACAATCTAACGTATCG
CCGCATCATTGCTTTGCGCTGAARACAGTCAAAGCGGTTATATTCATATGCGGATGGCG
GTCATCGCTTGCATTAGAAAGGTTTCTGGCCGACCTTATAACCATTAATTACG

BANWTTTTCATTGTTGACACACCTCTGGTCATGATAGTATCAATA
ATGTCTGGAAATATAGGGGCAAATCCACTAGTATTAAGACTATCACTTATT

TTTGTTTTTCATTGTTGACACACCTCTGGTCATAATATTATCAATATTCATGCAGTAT
TTTGTTTTTCATTGTTGACACACCTCTGGTCATGATATTATCAATATTCATGCAGTAT

TAGAATGCTTTGCCTTGTCGGCCTGATTAATGGCACGATAGTCGCATCGGATCTG
TTACCGTGACATCGTGTAATGCACCTGTCGGCGTGATAATGCATATAATTTTAACGG
CAGTATTTGCATTTTTTACCCAAAACGAGTAGAATTTGCCACGTTTCAGGCG

TTGCATCARATGCTTGCGCCGCTTCTGACGATGAGTATAATGCCGGACAATTTGCCGG

AGCTGCCGGTGTCTTTGCTGATCTGCTACGTACCCTCTCATGGAAGT TAGGAG

AAACAATTTCAGAATAGACAAAAACTCTGAGTGTAATAATGTAGCCTCGTGTCTTGCG

TAGHWCKGHTBTTGAHAWTTAHNCHHYRHAGTRDTAAACTHMAAG
AATGAGCTGTTGACAATTAATCATCCGGCTCGTATAATGTGTGGAATTGTG
CGATTTCGCAGCATTTGACGTCACCGCTTTTACGTGGCTTTATAAAAGACGACGAAAR

GTAAAAHAVVSTTGAHAHTKTAWGABBDHASATAHAAAKTGAADB
AGACTTGCAAATGAATAATCATCCATATAAATTGAATTTTAATTCATTGA
TGTTGTTTAAAAATTGTTAACAATTTTGTAAAATACCGACGGATAGAACGA

GMAVANAKBDSTTGACWHCAWGVADNAATHVBTGWANGNTGTASS
GATCATACCTACACAGCTGAAGATATGATGCGCGCAGGTCGTGACG

BNVKDBTTKTBWTHGBAAAATBRHCYGGTTAYHCTTAHYBMKHTA
CGCCCTGTTCCGCAGCTAAAACGCACGACCATGCGTATACTTATAGGGTT

KWWTBDHGABWDMATGMMDDMAGWATGDDTATBGTATYAWGRTSA
GGTTTATAAAATTCTTGAAGACGAAAGGGCCTCGTGATACGCTTATTTTTATAGGTTAA
GCGTATCCGGTCACCTCTCACCTGACAGTTCGTGGTAAAATAGCCAACCTGTTCGACA

TGTTYBTWDAMTTGWYAGVACGWTWDHDWYATGATATCATAMWCW
TTTTCGGTTGACGCCCTTCGGCTTTTCCTTCATCTTTACATCTGGACG

HNVTAAVNDTCT TGACGBDHNAKHARHGDGBWGHTARAYTDMTCW
TCCAAGTTAGTGTATTGACATGATAGAAGCACTCTACTATATTCTCAATAGGTCCACGG
CGGCTCCAGGTTACTTCCCGTAGGATTCTTGCTTTAATAGTGGGATTAATTTCCACATTA
ATATTGTTAATTTCTTCACTTTCCGCTGATTCGGTGCTAGACTGAAATCAGCCTATAGG

NNAAAAGMRYMTTKACWTWAAGYYTWWCMKWWAKKATMYTTWYAG
GTACTAGAGAACTAGTGCATTAGCTTATTTTTTTGTTATCATGCTAACCACCCGGCGAG
GGTGTATGCATTTATTTGCATACATTCAATCAATTGTTATAATTGTTATCTAAGGAAAT
TGTTTCAACACCATGTATTAATTGTGTTTATTTGTAAAATTAATTTTCTGACAATAA
ATACGCTCAGATGATGAACATCAGTAGGGAAAATGCTTATGGTGTATTAGCTAAAGC
GTAAGCGGTCATTTATGTCAGACTTCTCGTTTTACAGTTCGATTCAATTACAGGA
ATAAGGAAAGAGAATTGACTCCGGAGTGTACAATTATTACAATCCGGCCTCTTTAATC

AWARAAWSCTMTTT SHMHHTTAAAAAAAWHWGTKWAWAATWWRTH
ACAATGTATCTTGTTTGTCAAATACAGTTTTTCTTGTGAAGATTGGGGGTAAATAACAGA
TCACAATTCTCAAGTTGCTGATTTCAAAAAACTGTAGTATCCTCTGCGAAACGATCCCT
ACTAGACAGAATAGTTGTARACTGAAATCAGTCCAGTTATGCTGTGAAAAAGCAT

GACAGGCACAGCATTGTACGATCAACTGATTTGTGCCAATAATTAAATGAAATCAC
TAGATAACAATTGATTGAATGTATGCAAATAAATGCATACACTATAGGTGTGGTTTAAT
ATCAAAAAAATATTCTCAACATAARAAACTTTGTGTTATACTTGTAACGCTACATGGA
ATCAAAAAAATATTCTCAACATAAAAAACTTTGTGTTATAATTGTAACGCTACATGGA
ATCAAARAAATATTCACAACATAAAAAACTTTGTGTAATACTTGTAACGCTACATGGA
ATCAAAAAAATATTGACAACATAAAAAACTTTGTGTAATACTTGTAACGCTACATGGA
GGTAGGTAGCGAAACGTTAGTTTGAATGGAAAGATGCCTGCAGACACATAAA
CGGCGAGGCTATCGATCTCAGCCAGCCTGATGTAATTTATCAGTCTATAAATGACC

KWRTGTTWMAAAMATYDCCWGDWGAHGYATATWMWGMSHAMAAGT
CAAGCGAACCGGAATTGCCAGCTGGGGCGCCCTCTGGTAAGGTTGGGAAGCCCTGCAA
AAGTGCATCAGCGGTTGACAGAGGCCCTCAATCCAAACGATAAAGGGTGATGTGTTTACTG

TWGTCTTGCCTTATTGAATATGATTGCTATTTGCATTTARAATCG
GCGTTAATAAGGTGTTAATAAAATATAGACTTTCCGTCTATTTACCTTTTCTGATTATT
TATTCATTTCACTTTTCTCTATCACTGATAGGGAGTGGTAAAATAACTCTATCAATGATA
GCCTTCTCCAAAACGTGTTTTTTGTTGTTAATTCGGTGTAGACTTGTAAACCTAAATCT
TTTGCATCTCCCCCTTGATGACGTGGTTTACGACCCCATTTAGTAGTCAACCGCAGTG
CATCCTCGCACCAGTCGACGACGGTTTACGCTTTACGTATAGTGGCGACAATTTTTTTT
TCGTTTTCAAGAATTCATTAATGCGGTAGTTTATCACAGTTA
GGCTGGACTTCGAATTCATTAATGCGGTAGTTTATCACAGTTA
TTTGTAGAGGAGCAAACAGCGTTTGCGACATCCTTTTGTAATACTGCGGAA
ATTATCATTGACTAGCCCATCTCAATTGGTATAGTGATTAAAATCACCTAGA
CTTTCACACTCCGCCCTATAAGTCGGATGAATGGAATAARATGCATATCTGATTGCGTG
CTATGATAAGGATTACTCATCTTATCCTTATCAAACCGTTAARAATGGGCGGTGTGAGCTTG
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TNTWCKSWWKTTTRMCWKCYYAKYMWMGAWAASY THTMWTRYKSY
AAATTTTGAAAAGTAACTTTATAGAAAAGAATAATACTGAAAAGTCAATTTGGTG
AATTCTCATGTTTGACAGCTTATCATCGATAAGCTAGCTTTAATGCGGTAGTTTAT

AAGAATTCTCATGTTTGACAGCTTATCATCGATGCGGTAGTTTATCACAGTTA
AAGAATTCTCATGTTTGACAGCTTATCATCGGTAGTTTATCACAGTTAAATTGC
AAGAATTCTCATGTTTGACAGCTTATCATCGATCACAGTTAAATTGCTAACGCAG

TTCTCATGTTTGACAGCTTATCATCGATAAGCTAAATTTTATATAAAATTTAGCT

TTCTCATGTTTGACAGCTTATCATCGATAAGCTAAATTTATATAAAATTTTATAT

HBTTGSGTKTWWTTACS SSMACYNTGTGHWKTWHTWTMCWHWACC

CGAGGCCGGTGATGCTGCCAACTTACTGATTTAGTGTATGATGGTGTTTTTGAGGTGCT
AGCGGATCCTACCTGGCGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTT
AGCGGATCCTACCTGGCGCTTTTTATCGCAACTCTCTACTATTTCTCCATACCCGTTTT

CCACCAMMSTSTTGASMSKKWWWRTGSAGYGGSKTARMTTWTWTR
CCACCGTGGACCTATTGAGAATATAGTAGAGTGCTTCTATCATGTCAATACACTAACTT
AGTGTAATTCGGGGCAGAATTGGTAAAGAGAGTCGTGTAAAATATCGAGTTCGCACATC
TTGTCATAATCGACTTGTAAACCAAATTGAAAAGATTTAGGTTTACAAGTCTACACCGAA
CCTCCAGTGCGGTGTTTAAATCTTTGTGGGATCAGGGCATTATCTTACGTGATCAG
TCCTCGCCTCAATGTTGTAGTGTAGAATGCGGCGTTTCTATTAATACAGACGTTAAT

CCCCCGCAGGGATGAGGAAGGTGGTCGACCGGGCTCGTATGT TGTGTGGAATTGTGAGC

CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGCTCGTATGTTGTGTGGAATTGTGAGCG

CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGCTCGTATATTGTGTGGAATTGTGAGCG
ATCCCCGCAGGATGAGGAGCCTGGCAAACTAGCGATGATAACGTTGTGTTGAA
ATGCTGCCACCCTTGAAAAACTGTCGATGTGGGACGATATAGCAGATAAG

HGTDAAAKWTMI TGACWTMDTDAABWAAVWTGDGTWAANWTAMWA
ATCAAAAAAATATTGACAACATAAAAAACTTTGTGTTATAATTGTAACGCTACATGGA

WWGTCTTGAAGTHATGCMCCKGHTAMGGCTAMACTGAAAGRACAC
ACACGCGGTTGCTCTTGAAGTGTGCGCCAAAGTCCGGCTACACTGGAAGGACAGATTTGG
CCATCGGTGAAAATTTCTACCTGTTTAAGCATCTCTGGTAGACTTCCTGTAATTGAAT
AAATAATAACGTGATGGGAAGCGCCTCGCTTCCCGTGTATGATTGAACCCGCATGGCTC
GTTGACATCCGTTTTTGTATCCAGTAACTCTAAAAGCATATCGCATT
ATCCCCGCAGGATGAGGAAGGTCAACATCGAGCCTGGAAACTAGCGATAACGTTGTGT
GTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTG

ATRTKHWYTTSWTGASATCBTTTTNGENTSNGYGTWATYTKYTGS
AATGAGCTGTTGACAATTAATCATCGCGGCTCGTATAATGTGTGGAATTGTG

TAATTTATTCCATGTCACACTTTTCGCATCTTTGTTATACTATGGTTATTTCATAC

TAATTTATTCCATGTCACACTTTTCGCATTTTTGTTATGCTATGGTTATTTCATAC

TARTAAARARWTATTGACAAMWTGAAGWAARWWGDGTAAADHTWVH
ATCARAAAARATATTCTCAACATAAAAAACTTTGTGTTATACTTGTAACGCTACATGGA
ATCAAAAAAATATTCTCAACATAARAAACTTTGTGTTATAATTGTAACGCTACATGGA
ATCAAAAAMATATTCACAACATAAAAAACTTTGTGTAATACTTGTAACGCTACATGGA
ATCAAAAAAATATTGACAACATAAAAAACTTTGTGTAATACTTGTAACGCTACATGGA
ATCAAAAAAATATTGACAACATAAAAAACTTTGTGTTATAATTGTAACGCTACATGGA
ATACGCTCAGATGATGAACATCAGTAGGGAAAATGCTTATGGTGTATTAGCTAAAGC

ATWARAWHMWCYTTGACWT TTDAAHCMDTWAGT TARAAATWAAWG
CGATTTCGCAGCATTTGACGTCACCGCTTTTACGTGGCTTTATAAAAGACGACGAAAA
AAATTTAATGACCATAGACAAAAATTGGCTTAATCGATCTAATAAAGATCCCAGGACG

CGAAAWWAGSMGTTDACWTVWWGBGWYDDWAGDTVWAGGTTKKAR
GATCATACCTACACAGCTGAAGATATGATGCGCGCAGGTCGTGACG

CCGAGTWWGTCTTGAAGTHATGCACCKGTTAAGGCTAMACTGAAA
ACACGCGGTTGCTCTTGAAGTGTGCGCCARAGTCCGGCTACACTGGAAGGACAGATTTGG
GTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTG

TGTGRWMWGWTCTTSCDTGHTWAYDBVHAABWTGGTWASGTTMAW
AAATTTTGAAAAGTAACTTTATAGAAAAGAATAATACTGAAAAGTCAATTTGGTG

TTWWATAAGCTATTTATACTTTAATAAGTACTTTGTATACTTATT
AATGAGCTGTTGACAATTAATCATCCGGCTCGTATAATGTGTGGAATTGTG
GCCTTCTCCARAACGTGTTTT TTGTTGTTAATTCGGTGTAGACTTGTAAACCTAAATCT
TTGTTAATTCGGTGTAGACTTGTAARCCTARATCTTTTAAATTTGGTTTACAAGTCGAT
GGTGTATGCATTTATTTGCATACATTCAATCAATTGTTATAATTGT TATCTAAGGARAT
TAGATAACAATTGATTGAATGTATGCARATAAATGCATACACTATAGGTGTGGTTTAAT
TGTTGTTTAAAAATTGTTAACAATT TTGTAAAATACCGACGGATAGAACGA
TGTTTCAACACCATGTATTAATTGTGTTTATTTGTAAAATTAATTTTCTGACAATAA

MTAMATDCAGGSTTGACWBTGAAAAWGBWDMGGGTWATMTWYDVY
GCAAAAATAAATGCTTGACTCTGTAGCGGGAAGGCGTATTATGCACACCCCGCGCCGC
AAGCAAAGAAATGCTTGACTCTGTAGCGGGAAGGCGTATTATGCACACCGCCGCGCCG
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MBWATTACATTCTTGAGTGTTCAGAAGATTAGTGCTAGATTACTG
CCACCGTGGACCTATTGAGAATATAGTAGAGTGCTTCTATCATGTCAATACACTAACTT
GACAGGCACAGCATTGTACGATCAACTGATTTGTGCCAATAATTAAATGAAATCAC
GTACTAGTCTCAGTTTTTGTTAAAARAGTGTGTAGGATATTGTTACTCGCTTTTAACAGG
CGGCTCCAGGTTACTTCCCGTAGGATTCTTGCTTTAATAGTGGGATTAATTTCCACATTA
TCGTTTTCAAGAATTCATTAATGCGGTAGTTTATCACAGTTA
ATATTGTTAATTTCTTCACTTTCCGCTGATTCGGTGCTAGACTGAAATCAGCCTATAGG
ATAAGGAAAGAGAATTGACTCCGGAGTGTACAATTATTACAATCCGGCCTCTTTAATC

WITGCTBT SHGAHTGCGBABCCNAKGCGWTAHWS TTNAYAMWAGG
CCGCATCATTGCTTTGCGCTGAAACAGTCAAAGCGGTTATATTCATATGCGGATGGCG

TWTCGWAAHTTGTBGCBGABTMGVTGYHAGAHTGHWWWCACTTAG
GGTAGGTAGCGAAACGTTAGTTTGAATGGAAAGATGCCTGCAGACACATAAA

CTTDSAHAWBDCTTGAYDBYGHAYAAGVATACGGWWDWAHTGHTH
CCCTTGAAAAACTGTCGATGTGGGACGATATAGCAGATAAGAATATTGCT

CCCMYMAASSTGTTGASSYKYKWKRWRKRKTKRGYTAAAYTWYTY
TCCAAGTTAGTGTATTGACATGATAGAAGCACTCTACTATATTCTCAATAGGTCCACGG
ATCCCCGCAGGATGAGGAGCCTGGCARACTAGCGATGATAACGTTGTGTTGAA
ATCCCCGCAGGAGGATGAGGAGCCTGGCAAACTAGCGATAACGTTGTGTTGAA
TGTAAACTAATGCCTTTACGTGGGCGGTGATTTTGTCTACAATCTTACCCCCACGTATA

CCHGAHMGGDKGWKGAHAWTTAAYHHT TACASTGATAAABTDRHD
CCCCCGCAGGGATGAGGAAGGTGGTCGACCGGGCTCGTATGTTGTGTGGAATTGTGAGC
CCCCCGCAGGGATGAGGAAGGTCGACCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGC
ATCCCCGCAGGATGAGGAAGGTCAACATCGAGCCTGGAAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATTAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATGAGGAAGGTCAACATCGAGCCTGGAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATGAGAAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTGT
ATCCCCGCAGGATAAGGAAGGTCAACATCGAGCCTGGCAAACTAGCGATAACGTTGTIGT
ATCCCCGCAGGATGGGGAAGGTCAACATCGAGCCTGGCAARACTAGCGATAACGTTGTGT

HTTGCSSSSAKKWYGKGMMGY YKMKWMRWMMRWYTTAWSWYGTGS
TCGTCGCCGCGTTGCAGGAGCAAGGCTTTGACAATATTAATCAGTCTAAAGTCTCGG
TTTTCGGTTGACGCCCTTCGGCTTTTCCTTCATCTTTACATCTGGACG

TTTGGGTGCTGCTAGCGGCGCGGTGTGTTTTTTTATAGGATACCG
CGAGGCCGGTGATGCTGCCAACTTACTGATTTAGTGTATGATGGTGTTTTTGAGGTGCT
TTTGTAGAGGAGCAAACAGCGTTTGCGACATCCTTTTGTAATACTGCGGAA

TTGYRTTKDTWYDVAYCADCHHBDTGAAGNDATGTBMTHATRCYS
TATTCATTTCACTTTTCTCTATCACTGATAGGGAGTGGTAAAATAACTCTATCAATGATA

BTKYYSTCAKGWTTGACASCYTMYCAWYKRTAWGY TTTMATGCSK
ATTCCTAATTTTTGTTGACACTCTATCATTGATAGAGTTATTTTACCACTCCCTATCAGT
TAAAAAACTAACAGTTGTCAGCCTGTCCCGCTTATAAGATCATACGCCGTTATACGTT

TTTGTCCTGTTGACCTCCGGCGCTACCGTTGCAGACTATAACGACGCACCT
GGTAGCGAAACGTTAGTTTGCAAGCTTTAATGCGGTAGTTTATCAC
AATTCTCATGTTTGACAGCTTATCATCGATAAGCTAGCTTTAATGCGGTAGTTTAT
AAGAATTCTCATGTTTGACAGCTTATCATCGATGCGGTAGTTTATCACAGTTA
AAGAATTCTCATGTTTGACAGCTTATCATCGGTAGTTTATCACAGTTAAATTGC
AAGAATTCTCATGTTTGACAGCTTATCATCGATCACAGTTAAATTGCTAACGCAG
TTCTCATGTTTGACAGCTTATCATCGATAAGCTAAATTTTATATAAAATTTAGCT
TTCTCATGTTTGACAGCTTATCATCGATAAGCTAAATTTATATAAAATTTTATAT
GTAAGCGGTCATTTATGTCAGACTTGTCGTTTTACAGTTCGATTCAATTACAGGA
ATGCTGCCACCCTTGAARAACTGTCGATGTGGGACGATATAGCAGATAAG

CTGWKACWVHADTWGACAVAAAAVGHAHATWATGYGWAAAHABWA
CTTTCACACTCCGCCCTATAAGTCGGATGAATGGAATAAAATGCATATCTGATTGCGTG

CTTGCATTGAACTTGTGGATAARAATCACGGTCTGATAAAACAGTG
ATGTCTGGAAATATAGGGGCAAATCCACTAGTATTAAGACTATCACTTATT
AGTGTAATTCGGGGCAGAATTGGTAAAGAGAGTCGTGTAAAATATCGAGTTCGCACATC
GTACTAGAGAACTAGTGCATTAGCTTATTTTTTTGTTATCATGCTAACCACCCGGCGAG
TTTGCATCTCCCCCTTGATGACGTGGT TTACGACCCCATTTAGTAGTCAACCGCAGTG
CCATCGGTGAAAATTTCTACCTGTTTAAGCATCTCTGGTAGACTTCCTGTAATTGAAT
CTCTGGCTGCCAATTGCTTAAGCAAGATCGGACGGTTAATGTGTTTTACACATTTTTTC
TGATAAGCAATGCTTTTTTATAATGCCAACTTAGTATAAAATAGCCAACCTGTTCGACA
GTTGACATCCGTTTTTGTATCCAGTAACTCTAAAAGCATATCGCATT
TTACCGTGACATCGTGTAATGCACCTGTCGGCGTGATAATGCATATAATTTTAACGG
GGCTGGACTTCGAATTCATTAATGCGGTAGTTTATCACAGTTA
CTATGATAAGGATTACTCATCTTATCCTTATCAAACCGTTARAATGGGCGGTGTGAGCTTG
AAACAATTTCAGAATAGACAAAAACTCTGAGTGTAATAATGTAGCCTCGTGTCTTGCG

CCACTGBBSRWGTTGABWAHNWTANCHMTKDBKGTBATAATGRBT
GCCCATTTGCCAGTTTGTCTGAACGTGAATTGCAGATTATGCTGATGATCACCAAGG

CTTAWKSKAATGRCKCMAAMYYWTTSRYRGTRTKKYATGWTAGCG
GGAACACATTTAAAAACCCTCCTAAGTTTTGTAATCTATAAAGTTAGCAATTTA
TCTGTGAGAAACAGAAGATCTCTTGCGCAGTTTAGGCTATGATCCGCGGTCCCGATCG
GCCAGCGCTAARAGGTTTTCTCGCGTCCGCGATAGCGTAAAATAGCGCCGTAACCCC
CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGGCTCGTATGTTGTGTGGAATTGTGAGC
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CTGWTCTTWAGCTKGHNACACMCMTNKCCTYATGATHACATAAWB
TTTGTTTTTCATTGTTGACACACCTCTGGTCATAATATTATCAATATTCATGCAGTAT
TTTGTTTTTCATTGTTGACACACCTCTGGTCATGATATTATCAATATTCATGCAGTAT
AAGTGCATCAGCGGTTGACAGAGGCCCTCAATCCAAACGATAAAGGGTGATGTGTTTACTG

CTAMTWAATAMATWSWWAWWTGWATCYGMTCATGAGACAATAAMC
GGTTTATAAAATTCTTGAAGACGAAAGGGCCTCGTGATACGCTTATTTTTATAGGTTAA
AGACTTGCAAATGAATAATCATCCATATAAATTGAATTTTAATTCATTGA
CGACTTAATATACTGCGACAGGACGTCCGTTCTGTGTAAATCGCAATGAAATGGTTTAA

CTCATATTTTTGWTGSAWRDTTSTGTDBWTYTGGSTAGAWTAGAC
CATCCTCGCACCAGTCGACGACGGTTTACGCTTTACGTATAGTGGCGACAATTTTTTTT
ATTATCATTGACTAGCCCATCTCAATTGGTATAGTGATTAAAATCACCTAGA

CYMKKSTTKACAYTTTAWRMKWSCGKSKMKTAYKWT STGWGKMCG
AATGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAATTGTG
AATGAGCTGTTGACAATTAATCATCGCGGCTCGTATAATGTGTGGAATTGTG
TTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGTATTGTGAGCGGATAACAATTT
CAGTATTTGCATTTTTTACCCAAAACGAGTAGAATTTGCCACGTTTCAGGCG

HTBAAAATATGGATTGAAAACTTTACTTTATGTGTTATCGTTACG
ACAATGTATCTTGTTTGTCAAATACAGTTTTTCTTGTGAAGATTGGGGGTAAATAACAGA
GCGTTAATAAGGTGTTAATAAAATATAGACTTTCCGTCTATTTACCTTTTCTGATTATT
ACTAGACAGAATAGTTGTAAACTGAAATCAGTCCAGTTATGCTGTGAAAAAGCAT
TTGTCATAATCGACTTGTAAACCAAATTGAAAAGATTTAGGTTTACAAGTCTACACCGAA
ATGAAATTGGGCAGTTGAAACCAGACGTTTCGCCCCTATTACAGACTCACAACCACA
CCCCGCAGGATGAGGTCGAGCCTGGCAAACTAGCGATAACGTTGTGTTGAA

CGGMWMBTVABAGBTGAMAACTGBMVSVVTAABGHWWTAWTYATA
TAGAATGCTTTGCCTTGTCGGCCTGATTAATGGCACGATAGTCGCATCGGATCTG

MBGTACTTATTGTTTGAAATCACGGGGGCGCACCGTATAATTTGA
CAAGCGAACCGGAATTGCCAGCTGGGGCGCCCTCTGGTAAGGTTGGGAAGCCCTGCAA
CCTCCAGTGCGGTGTTTARATCTTTGTGGGATCAGGGCATTATCTTACGTGATCAG
GTCATCGCTTGCATTAGAAAGGTTTCTGGCCGACCTTATAACCATTAATTACG

CTGYGTATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGC

TTGCCGCAGGTCAATTCCCTTTTGGTCCGAACTCGCACATAATACGCCCCCGGTTTG

CGCCCTGTTCCGCAGCTAAAACGCACGACCATGCGTATACTTATAGGGTT
CGGCGAGGCTATCGATCTCAGCCAGCCTGATGTAATT TATCAGTCTATAAATGACC

CTCTTKTWWKRRTWGSAWKAACYSSCRRKRWSTCCRTAKAATGCGC
CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGCTCGTATGT TGTGTGGAATTGTGAGCG
CCCCCGCAGGGATGAGGAAGGTCGGTCGACCGCTCGTATATTGTGTGGAATTGTGAGCG

CTTGHAGATDWVTTGAMHTBTTBYBGBCATMDVHCTADAMTBCCG
CACCTGCTCTCGCTTGAAATTATTCTCCCTTGTCCCCATCTCTCCCACATCCTGTTTT

WT TWHCWTGWBAHACTTTTYGTHTSTKYGTWATVHBHTGSTTRTT
TAATTTATTCCATGTCACACTTTTCGCATCTTTGTTATACTATGGTTATTTCATAC
TAATTTATTCCATGTCACACTTTTCGCATTTTTGTTATGCTATGGTTATTTCATAC

WSCWAYTTGAY GCWDWDTDWMTGGGCT SWYWATTTTWTSWT HAWW
AGCGGATCCTACCTGGCGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTT
AGCGGATCCTACCTGGCGCTTTTTATCGCAACTCTCTACTATTTCTCCATACCCGTTTT

AGCTGCCGGTGTCTTTGCTGATCTGCTACGTACCCTCTCATGGAAGTTAGGAG

ACGAADTTHCCDBTTGNHADYTTTBAHBTCVNTBATAKAHTYWAA
TCACAATTCTCAAGTTGCTGATTTCAAAAAACTGTAGTATCCTCTGCGARACGATCCCT

ACRYAAMTBWBHGTTKTAAADBTBWHHGRGGWTKKTATAATSGAA
CCTCGTGATACGCTTATTTTTATAGGTTAATGTCATGATAATAATGGTTT
GCTATCTTGACAGTTGTCACGCTGATTGGTATCGTTACAATCTAACGTATCG
TCCTCGCCTCAATGTTGTAGTGTAGAATGCGGCGTTTCTATTAATACAGACGTTAAT
GCGTATCCGGTCACCTCTCACCTGACAGTTCGTGGTAAAATAGCCAACCTGTTCGACA

ACNYWWTTWHCTMTTGHSGNMHNGRKAGRAMTCCCTATAATGCGC
TACTAGCAATACGCTTGCGTTCGGTGGTTAAGTATGTATAATGCGCGGGCTTGTCGT
AAATAATAACGTGATGGGAAGCGCCTCGCTTCCCGTGTATGATTGAACCCGCATGGCTC
TTCATACACGGTGCCTGACTGCGTTAGCAATTTAACTGTGATAAACTACCGCATTAAAGCTTA
TTGCATCAAATGCTTGCGCCGCTTCTGACGATGAGTATAATGCCGGACAATTTGCCGG
AGCCAGGTCTGACCACCGGGCAACTTTTAGAGCACTATCGTGGTACAAAT
TTTATATTTTTCGCTTGTCAGGCCGGAATAACTCCCTATAATGCGCCACCACTGACACG

WBTCWRMTGYYTMKCGCYKTWTMWSCGWAWAAMGS TATAMTGMWC
GTCACAATTCTCAAGTCGCTGATTTCARAAAACTGTAGTATCCTCTGCGAAACGATCCCT
GATCCAGGACGATCCTTGCGCTTTACCCATCAGCCCGTATAATCCTCCACCCGGCGCG



