Summary

Mapping the regulatory system in living organisms is a great challenge, and
many methods have been created during the last 15 years to solve this
problem. The biological processes are however more flexible and complex
than first thought, and many of the methods lack the ability to imitate this
exactly. The new method devised here is not a complete solution to this
situation, but pose an innovative solution for finding approximate composite
patterns in a set of sequences. Motifs are read from any third-party tool
represented as either {A,C,G, T}, IUPAC or PWMs, and weighted with
significance and support as an estimate to how important the patterns are.
Finding combinations with both high significance and support can reved
important properties preserved in the sequences. Based on this, the algorithm
use a branch-and-bound approach to traverse every combination while
preserving the best solutions in this multiple object optimization problem in a
Pareto front. The best patterns found, are investigated further by applying
different statistical and experimental method to better support the significance
of the patterns found. The three most important tests done on the
TransCompel dataset, where (i) to look at the patterns predicted measured
against known sites based on nucleotide correlation. (ii) Find the frequency
for motifs participating in the combinations, so that the best could be studied
manually. And (iii), different test where compared when the significance was
based on real background sequences instead of the uniform distribution. Some
of the results found where low, but still similar to the accuracy provided by
other known methods that have been tested with the same methods. The test
results can be biased by the parameters used, a too simple and restrictive test
set or by faulty predictions done one the dataset tested. More testing and
tuning of parameters might result in better predictions. However, the different
tests still proved this method to be a valuable tool in composite motif
discovery.






Abstract

Motif discovery in biological sequences has in recent years
increased its focus on motif combinations, often referred to
as modules. Modules that occur in several related sequences
may be functionally important as their overrepresentation
may suggest evolutionary conservation or that the same
transcription factor regulates several genes in the same
genome. However, all motifs contained in a set do not
necessarily occur in every sequence. This can be explained
by flexibility in the biological mechanism, or due to noise or
inaccuracies in the discovery of single motifs.

A new agorithm to handle this is presented, and it is
compared against existing methods. This algorithm is
designed to discover any subset of matches between
elements within a larger set, and report the approximate
composite patterns discovered. Finding these patterns is a
hard combinatorial optimalization problem. This method
takes a list of motifs represented as {A,C,G, T}, IUPAC or
PWM patterns found in a set of sequences from any third
party motif discovery tool or any patterns based on known
motifs. The subsets of motifs will be matched in different
combinations while preserving the best values in this
multiple object optimization problem based on the support
and significance of the combined patterns. Different
measures and constraints are added to narrow the search and
avariety of statistics is calculated for better evaluation. The
best patterns found can then be investigated further. And in
the situations investigated here, some tests gave interesting
results while other scored a little low. This method still
showed promising results as a tool to discover composite
motifs, and an ability to reveal pattern combinations
between binding sitesin DNA or active sites in proteins that
might represent important biological functions.



Content

1
2

4

5

INEFOTUCTTON.....eei e e 10
Biology background.............coereeiiiinine e 12
2.1 DINA et r e e 12
2.2 Composite motifs and transCription..........c.ccveeeeereerenereseseseeeeeee 14
2.2.1 Co-regulated eXample........cceeveeiieiiee s 14
2.2.2 Background variation eXample..........ccoceeerrienenene e 14
Methods and algorithm ..o 15
TN == (01 1 (0] | S 15
3.2 MOtif representalion..........cocee e iiee e 16
3.3 SIGNITICANCE ...t 16
3.3.1 Single motif SIgnifiCanCe.......cccceeveeiie e 17
3.3.2 Motif variantS SIgNifiCanCe .........ccovererererieee e 18
3.3.3 Composite motif significanCe.........cccceeveevie e 19
S T o] 0 4 PO URPRPR 19
3.5 MOfN aAGOrtNM ... 20
3B PrUNING. ...ttt 21
3.7 SEAICN IR 22
I3RS (0 011 0= S 22
R N 01 i o] (0107 | o PSP 23
3.10 SYSIEM GESIGN ..o 26
IMPIEMENEALION ..o e 27
41 SYSIEMINPUL ..ot 27
4.1.1 List of al input parameters.........cccceeveeiiiievie e 27
4.1.2 Yo - U 27
O PR 27
10 1 RS SRPS 28
PUWIM <ttt nne b 28
4.2.4 Sequence file (target/background) ............ccooevieieiineni s 28
4.3  Running on astandalone System.........ccccccvvieeviecceevee e 29
44  Making use of clients and server for adistributed run................ 29
S Y PR 29
N 1 | 29
4.5 Program OULPUL ..........ooiiiieiiie e ssree s s 30
4.6 OULPULTITE (X) woeiriisieriesieeieie et 30
4.6.1 Display motifs with stored information............cccccceevcvveveenee. 30
4.6.2 Pareto frONt ......oceeceeeeecee e e 31
4.6.3 Composite patters (with single motifs) .........cccceeeeceeveninenne 31
4.6.4 Most common single motifs (counted) ..........ccooererirenennnn 31
4.6.5 Counted sUppPOrt (tOtal) .......ceeveeiiieeiiecee e 32
4.6.6 Weighted SUPPOIT (M2) ..o 32
4.6.7 BINOMIAl.......coiiiiiiee s 32
4.6.8 Experimental SignifiCance..........ccocuvvreeverinenene e 33
A7  OULPULTITE (XHL) coreeiiecie e 33
4.7.1 Final results (alignment against target sequences).................. 33
1= 11 0 SRR 34
51  BEvalualion Criteria......ccccoeeieeeereee e eee e e eee e see e e e sns 34
52  Testcentre used tO MUNTESES.......cooeveeierieseeeeee e s 35
5.3  Nucleotide-level SCOres.........ccooveivriieieeiesiese e 36



B RESUILS....eeee e e s 38
6.1  Nucleotide-level SCOres.........ccoovevirieieeii e 38
6.2  Common SINGIE MOLITS.......ccccieiiece e 38
6.3 PWM compared to standard MOtifS.........cccceveerinenenieneneneneeen 39
6.4  Background teSh ........ccociveiiiiiieiie e 39
6.5  Manual alignment .........cccoiiiiiiienereee 40
6.6  Different cut-oOff ValUe.........ccooeriiiiiii e 40
6.7  PrUNING..c.oiiiiiiiitiriee ettt 41
6.8  ResUltSfrom 3 0f 5...ceeiiiiie 41

A B 1= o015 o o S 43

8 FUIMNEr WOIK ..o 44
8.1  Adding additional modelsto the search..........cccccvvceevvecvcecvnce 44
o \Y Lo =8 = (] oo R OR 44
8.3  What thefuture brings ... 44

ACKNOWIEAGEMENLS. ......oeiiiieciie et nree s 45

REFEIENCES.....ceece et aeeneeneennens 46

Appendix A — OUutput from TEIFESIES .....ceeecveeiieciee e 49

APPENAIX B - TUPAC ... 50

Appendix C — Glossary from various Chapters..........cccovveeceevee e cvee e 51

Appendix D — Sequences from TransCompel ..........ccoceeeeeieienenenenesesenns 52

APPENTIX E = UML ..ottt 53

APPENAIX F - SOUICE COB.......coviiiriieieeiieeeie et 55

Appendix G — Content of the attached ZIP-file.........cccccoevviiiiviiiiiecee, 111



List of figures

Figure 1-1: Shows how multiple transcription factors co-regulate a complex
biological process (TTR control region (promoter) example [14]). ...... 10

Figure 2-1: Shows a SEqQUENCE PALTEIN. ......cccveeeieeciee e esee e 12

Figure 2-2: Shows DNA uncoiling from the chromosome storing structure,
overlapping into the double helix twirl, before revealing the inner
building stones of DNA —the four different nitrogen bases (Adenine,

Cytosine, Thymine, GUaNIiNg) [1]. ..ocooeveeiieeiiieeree e 13
Figure 2-3: Shows the structure of a gene, with the Transcription Factor
Binding Steslocated in the promoter region [25] . .......cccocvvvceeveecnenne 14

Figure 3-1: Shows the Pareto list first found and the Pareto front after
dominated values has been updated. The graph after update aso shows

an ideal and optimal Pareto front [29]. ........ccooririeienene e 15
Figure 3-2: Standard amino acid Characters.........cccocvveveeeveeveescieesee e 16
Figure 3-3: A IUPAC representation of a pattern. See [App A] for more

g1 (o7 00 14 o o FO SRR 16
Figure 3-4: Shows a PWM matrix with probabilities for a motif with length 4.

................................................................................................................ 16
Figure 3-5: Shows a motif hit list with alternating sequence and position..... 19
Figure 3-6: Shows a bit set representation of the hit list. ...........ccceveeeieeies 20
Figure 3-7: Showsthelogic operators AND and OR. .........ccoeveneneneneenns 20

Figure 3-8: Shows the tree structure for a 3 of 4 search with 6 single maotifs.
Each single motif added to the tree participate in forming a composite
motif (at every blue node) with the different motif variants calculated at
the current level showed in parantheses next to the node. Thered circle
shows how pruning is performed by constructing and expanding a fictive
composite motif (red line), and checking the possibilities before

exploring the entire SUD-Lree. ........cccceeiieciee s 21
Figure 3-9: Shows how the alternate support isadded up..........ceevvererenens 23
Figure 3-10: Normal distribution curve. The gray area equals the probability

for a support greater than the value tested for. .........ccccvevvievivccecciennn, 25
Figure 3-11: Shows a conceptual overview of the dataflow for the new

1071 0o 26

Figure 4-1: Shows a list of standard motif patterns based on {A,C,G, T}
together with data representing hitsin sequences at given postions...... 27

Figure 4-2: Shows a similar list as Figure 4.1, but greater flexibility in the
patterns are allowed, IUPAC [AppendiX B] ........ccccovvieneneneneneneeen, 28

Figure 4-3: Shows the probability distribution for patterns represented as
Position Weight Matrices. The columns represent A,C,G,T and the row

count the motif length. ........ccoooieii i 28
Figure 4-4: Shows sequencesin the Fasta-format............ccooevivinininienennns 28
Figure 4-5: Shows the standard commando used to start the program........... 29
Figure 4-6: Shows how to start a server for a distributed experiment............ 29
Figure 4-7: Shows the code used to connect to the server already started

(BIOVE). ... 29
Figure 4-8: Shows motif ID, support, significance, pattern and the hit list

indicating which sequences the motif OCCur in. .........ccccoovveieininccennene. 30
Figure 4-9: Shows the Pareto front for a test with 8 sequences. The

significance has a value between 0.0 and 1.0.........ccccccvevvveeveceeneennene, 31



Figure 4-10: Shows the single motifs participating in the composite modul e for

each support inthe Pareto Front.........cccccvevveeiee e 31
Figure 4-11: Shows the freguencies based on appearance in a module for each
SINGIE MOLITS. ..o e 31
Figure 4-12: Shows support based the sum of every support instead of using
the logic operands for the intersection. ..........ccccecceeve e, 32
Figure 4-13: Shows the weighted support Values. ..........cccccevvveveneneneneenns 32
Figure 4-14: Shows the output from the binomial calculations. ..................... 32
Figure 4-15: Shows the significance for composite modules based on
EXPENTMENTALION. .....vieiieciee ettt e e e e e e sr e s a e e sreeennas 33
Figure 5-1: Shows the values and cal culation used by the nCC value under
INVESEIGALION [ 23] ...eeeiee ettt nree s 34

Figure 5-2: Shows the Run centre used to run tests with complete dataset for
many motif variants with the possibility for additional parameters....... 35

Figure 5-3: Shows the content of script.bat. ... 35
Figure 5-4: Shows the content of test.bat..........cccccceeviiiiieciecse e 35
Figure 5-5: Shows how t0 USe the SCIPL. ....ccovirerericeeeeee e 36
Figure 5-6: Shows how the testset filesis used to link the datasets used by the
script. Onelineisused for eachtest setinatest........cccoccvvveeveveeceennee 36
Figure 5-7: Shows different nucleotide measures plotted for every sequence.
The nCC curve (blue) isthe onewe focus on. ........ccccccveeeveereneeseeeene 37
Figure 5-8: Represents the same quality on the motif level. ...........ccoceee. 37
Figure 6-1: Compares the PWM representation against {A,C,G,T}............... 39
Figure 6-2: Compare a 2 of 3 run based on {A,C,G, T} based on background
distribution (UniForm or BackGround). ...........cccceeevenenenenenenenennens 39
Figure 6-3: Shows part of output from a run with 10 percent cut-off.............. 40
Figure 6-4: Shows part of output from a run with 20 percent cut-off. ............ 40

Figure 6-5:Shows how 2 different run with and without pruning end up with
the same solution. The only differenceisin the time used, calculation

timewas drastically reduced. ...........ccceveiiiiiiieccec 41
Figure 6-6: Shows the different solution found ina3 of S5run. .........ccccceue... 41
Figure 6-7: Shows how great support all the single motifs participating in the

module actually NAVE. ..o 42



List of tables

Table 3.1: Shows the different motif variants that are included and used
during a 3 of 5 example in thisnew model. Theblue“D’s” are dummy
objects created at runtime, while both thered and green“ I’s’ are added
asinitial starting points for each column in the calculations................. 18

Table 3.2: Showsthe order in witch the motif variants are calculated through
the enumeration. 6 e.g. (marked blue) depends on the variants 2 and 3
(=0 ) PRSP 18

Table 6.1: Shows how the nCC is distributed over the different motif variants
(1. row) and the background model used (UniForm or BackGround),
with strict parameter settings. The 4 best in every sequence is chosen
before a cut-off at 20 percent decide the threshold used......................... 38

Table 6.2: Shows how the nCC is distributed over the different motif variants
(1. row) and the background model used (UniForm or BackGround),
based on less strict parameters. The 10 best in every sequence is chosen

before a cut-off at 30 percent decide the threshold used......................... 38
Table 6.3: Mean nCC for this Mofn method. ...........cccoccevveiincencce e 38
Table 6.4: Show all the single motifs participating in the composite modules.

And the number of occurrences found. ..........cccocvevveceeriveveveeseece e 39
Table 6.5: Shows 3 motifs combined with the sequence they occur in. The

sequences are cut of due to space limitations. ..........cccceeeereererceeseeennn 40



List of equations

(3.1)
(3.2)
(3.3)
(3.4)
(3.5)
(3.6)
(3.7)
(3.8)
(3.9)
(3.10)
(3.11)
(3.12)
(3.13)

Probability

Position significance

Sequence significance 1

Sequence significance 2

Motif variant significance 1

Motif variant significance 2

Binomial coefficient

Number of nodes in the tree traversed
Algorithm running time

Binomial distribution

Sgnificance for hit over a given support
i, E(X) inanormal distribution

s Var(X) in anorma distribution






1 Introduction

During the last ten years, an increasing interest for motif discovery in DNA
and protein sequences has emerged. The motifs or transcription factors are
short patterns common to a set of sequences, and they represent and match
what is known as transcription factor binding sites, which are the actual sites
recognized by the biological mechanisms during gene regulation. Thus finding
these patterns is important for understanding the regulation process [15, 16].
This development have introduced a variety of different algorithms, but
previous work done in computational biology focus mainly on single motifs
discovery or combination of these patterns combined into complete sets as
explained by Sinha [6]. Research in biology has shown that composite motifs
play an important role in mapping the regulatory regions of genes [6]. The
same methods can also be used to locate active sites in proteins. But since the
biological mechanisms and evolution process is more complex and quite
flexible, there is a need to investigate patterns where not all the elementsin a
combined set needs to occur in every sequence.
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Figure 1-1: Shows how multiple transcription factors co-regulate a complex biological
process (TTR control region (promoter) example [ 14]).

The method developed in my former project [1] aimed at handling incomplete
sets where only a subset of m elements from the n total needed to occur, but
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focused mainly on handling the special cases “3 of 4”7, “4 of 5" simplified to
N-1 of N, which was not a completely general method. It was therefore
interesting to investigate other combinations as well, since the human
regulatory system might allow these degrees of flexibility. The goa of this
project was to expand and devise a completely general and flexible approach
to finding true m of n composite motif, where any combination of m and n
would be possible. New classes, motif representations, calculations and
techniques needed to be introduced.

In addition to the deterministic motif model aready supported, the new
method will be extended with the probabilistic PWM model [7], thus adding
the need for a variety of alternate measures for significance and support for
every model. The new measures taken into account are both calculated from
empirical sampling during runtime, devised by known methods in statistics or
found experimentally, similar to work done by [8, 9]. This enhancement opens
up the horizon regarding better comparison against earlier developed methods
and the output from those as well.

Variations in significance are also explored by varying the input to the
empirical models, instead of only applying new methods on the same data. In
addition, using the added distance constraint can help limit hits within desired
areas in the promoter region. All these additional means of measure will
hopefully make it easier to validated, quality check and locate the best motif
combinations, and later produce optimal results for scientist faced with similar
problems. Much work is needed through experimentation on optimizing and
tuning input variables when using this new method. The huge flexibility
makes this method quite unique compared to the existing set models [6].
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2 Biology background

In this project, | investigate composite patterns existence and how different
backgrounds models affect the individual single motif significance and
changes in overall results for the composite motifs. In addition to read pre
calculated significance from a third party discovery tool, the method also
support calculations of values based on models that better simulate a real
background. Because transcription factor binding sites sometimes stand out
more from the general background, three different approaches can be tested
and compared. The significance can be based on the frequencies found in the
target sequences used, a separate background set or randomly created
sequences. For the target and random sequences a uniform or skewed
probability distribution over the letters will be used. While the last method
will actually align the motifs against real background material from the same
domain and count hits. These variations in significance will cause alternations
in which motifs becomes the most significant and then affect what is finally
included in the resulting composite motifs.

Background theory is especially interesting to evaluate for promoter regions
with CpG idands [10] or other un-regularities. CpG islands are regions
overrepresented by the CpG pattern, and are thought to give special properties
to the nearby genes. The distance to the uniform method will be most
significant in cases like this.

2.1 DNA

To retrieve the information stored in DNA from a living organism, a
sequencing process takes place [11]. When sequencing DNA the order of
nitrogen bases are determined and form a list of letters from the amino acid
aphabet “ACGT".

[ CCTGACTGACCAGGTCCTAAGTCATCCTAATGGTC... |

Figure 2-1: Shows a sequence pattern.

A more thorough description of the inner workings of DNA can be found in
my preliminary work [1], and the Human Genome Project [11] has published
agood deal about sequencing.

The interesting patterns in these sequences can be represented by a variety of
models [12], but common to them is the need for a measurement, to tell how
significant it is, and separate the patterns from the background, the
information stored in spaces between the patterns we look for. Many regions
in DNA often contain special sequences, which gives exactly this part a
unique background probability. This can occur as periodic over or under
representation of specific nitrogen bases [10]. And by investigating
combinations of motif models with several background models, the new
general method examined later can give even more exact hits, if we find that
the patterns examined stand out enough so it becomes significant.
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Chromosome

Figur e 2-2: Shows DNA uncoiling from the chromosome storing structure, overlapping into
the double helix twirl, before revealing the inner building stones of DNA — the four different
nitrogen bases (Adenine, Cytosine, Thymine, Guanine) [1].

The same theory applies to protein chains build up by peptide-bindings, which
are produced from genes in DNA through transcription [3]. The resulting
sequences are expressed in a similar way, and pattern discovery here can
reveal interesting features in active sites or domains for the proteins[1].

By being able to study more complex pattern combinations, it makes the
discovery in genes regulatory regions and proteins much more flexible. These
models should correspond more to the complexity and flexibility of the
mechanisms we explore. The findings are presented in the result and
discussion section.
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2.2 Composite motifs and transcription

The transcription factor binding sites (TFBS) are located in the promoter
region of the genes they regulate, and they are the target for proteins
(Transcription Factors or motifs), that connects to these areas before starting
the transcription process. Mapping and understanding how co-regulated sites
behave is quite difficult due to the great complexity, and this process can start
in severa ways [24]. Composite patterns can act synergistic (co-operatively)
or antagonistic (motif interference) [24]. Variations in the TBFSs occurring
across sequences are discovered as composite patterns by this method and
approximate composite patterns when subsets of all TFBSs are located

Upstream Enhancers
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GT Splice Donor Silencer (ESS)
'\ Transcription Factor b1
" " 5 Y
\ Binding Site Exonic Splicing . INTRON \ INTRON
\ Enhancer (ESE)

I"'n._ ‘

\, ! Intronic Splicing. ‘
TATA Enhancer (ISE) Intronic Splicing
Upstream repressors Silencer [I158)
AG Splice Acceptor
TS5

Fromoter Region

Figure 2-3: Shows the structure of a gene, with the Transcription Factor Binding Stes
located in the promoter region [25].

2.2.1 Co-regulated example

The two main types of modules, synergistic and antagonistic co-regulate
genes by simultaneous interaction or mutually excluding actions. [24]

2.2.2 Background variation example

Some regions in yeast are proved to have special properties for the nucleotide
distribution [27, 28]. Spingjola et. a, located patterns mainly consisting of
polyT islands, which are long sequences of T, occasional separated by an A
or C. Such sequences are found to affect splicing [27]
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3 Methods and algorithm

This method which is devised to find approximate composite motifs is based
on motifs from third-party motif discovery tools or sets of known motifs. The
motifs are then combined as building blocks through an exhaustive
combinatoria process to find the best possible composite patterns. To be able
to evaluate the modules in combination (motif variants), all the single motifs
and motif variants have in addition to their pattern or PWM representation a
significance value to estimate its importance and a support value which
represent the number of sequences where this motif is found.

3.1 Pareto front

The best combinations found, is preserved in this multiple object optimization
problem as a Pareto front based on this significance and support. Pareto front
representation is atrade off between the two values.

Pareto front

1,2

[ERN

o
©
‘

Found
—— Updated

Significance
o
[}

o
~

\

o
N

o

Support

Figure 3-1. Showsthe Pareto list first found and the Pareto front after dominated values has
been updated. The graph after update also shows an ideal and optimal Pareto front [29].

The first implementation kept parts of the Pareto which was not really
interesting or a part of the Pareto front, since many of the modules where
dominated by other elements in the Pareto front [1]. To optimize running time
for the algorithm, a Pareto-flatting was introduced. This update on existing
Pareto front entries helps the pruning to become more effective, since a bigger
subset in the enumeration process can be cut-off during runtime.
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3.2 Motif representation

The motifs can be any of three different representations, either a sequence of
letters from the amino acid characters which match against the input sequence
directly as ahit or no hit.

| ACCTGTTCATGT |

Figure 3-2: Standard amino acid characters.

Second, the more complex |UPAC representation of a pattern [App B], which
contains additional letters and signs that can accommodate for only partial
hits.

| ACCNRYYMTGT |

Figure 3-3: AIUPAC representation of a pattern. See [ App A] for more
information.

Or last, the pattern can be represented by a PWM (Position Weight M atrix),
where different probabilities for hitting the sequence alphabet at different
positions are used instead.

A C G T
02 04 01 03
01 01 03 05
03 04 02 01
07 01 01 01

Figure 3-4: Shows a PWM matrix with probabilities for a motif with length
4,

Regardless of which representation is used, the motifs have different measures
and properties that need to be handled. The two most important are
significance and support, and they are calculated in various ways for the
different representations.

3.3 Significance

Significance tells us how likely it is for a pattern to occur in a random
sequence, and therefore also how special the patterns is estimated to be. This
likelihood is based on Equation (3.1) [5], and lies in the closed interval 0.0 to
1.0, where values close to 0.0 are the most significant. One of the highest
objective in this methods is to minimize this number for a given pattern
combination. Thus maximize the chance for finding special patterns.

_valid

3.1 P
(31) total
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The significance value used in this method is based on the likelihood for hitin
a seguence, not at a specia position within the sequences. The probability for
observing a hit in one or more sequences can be calculated in several ways.

One way to find sign_seq is to start by finding the probability for a hit at
every position within a sequence, referred to as sign_pos here, and then find
Sign_seq based on that. Each letter observed in the pattern is multiplied with
the co-responding probability distribution for that letter based on the
frequency for when it occur in the sequences.

Sign_pos, the likelihood for a hit at given position in the sequence:

(32) Son_pos= O LOOP(L()

x=1
Sign_seq 1, transition from sign_posto sign_seq:

(3.3) Sign_seq =(L.0- (L0~ P(pattern)alsee)

Sign_seq 2, found directly from Equation 3.1.

(sequenceswithhits > 1)
(Total number of sequences)

(34) Sgn_seq =

The patterns and their hits at different position are treated independently.
Long or to rare patterns may cause numerical problems in Java for to small
significance values, and log-representation should be used instead.

Due to complexities in the combinatorial process, this method operates with a
different set of calculations and values for significance and support for single
motifs, the motif variants and finally the composite motifs.

3.3.1 Single motif significance

All single motifs contain a significance value, and this vaue is in some
experiments predetermined by a third-party tool or scientist, calculated based
on statistics or measurements. To optimize the results, different approaches
for significance calculations are implemented. Three methods supported are:

1. Theuniform distribution, every letter with P = 0,25.
2. Probability based on actual frequenciesin background sequences.
3. Aligned against background sequences, and measured.

Methods 1 and 2 above are most sensitive to the numerical problem
mentioned in the previous section, while the 3rd might return 0.0 if no
occurrence is found. The last method use real background sequences and
should give the best results. However, using option 3 for the PWM
representation dos not create a hit, but a list of calculated values. A threshold
Is used to count values over thislimit as a hit and discard the rest.
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3.3.2 Motif variants significance

Some of the design and ideas presented here are equal or similar to what | did
in my preliminary work, since this project continues in the same path.
However, this project demanded some big changes to make all the new
requirements work.

To evauate the different and possible routes through the search space in a
general way, a common approach to loop through the steps and calculate the
composite motifs where devised. Instead of the two-step solution for M=N-1
of N and M=N of N that where previously used, the new method can now
handle any M of N. This was done by representing every combination in
Table 3.1 as a motif variant, and constructing sets of default motif variants
outside the upper border and as the initial step for each column in Table 3.1.
With thisin place, all partial solution would be handled perfect.

4
3 D | 3/3|3/4]|3/5
2 D | 2/2|2/3]|24)|2/5
1 D |V1 12|13 |14|1/5
0 I L2 1/3 |14 ]|1/5
m/n| O 1 2 3 4 5

Table 3.1. Shows the different motif variants that are included and used during a 3 of 5
example in this new model. The blue“ D’s’ are dummy objects created at runtime, while both
thered and green“I's’ are added asinitial starting points for each column in the
calculations.

The motif variants introduced, are the most important part of the new
algorithm. Table 3.2 shows the order in which the variants from Table 3.1 are
created. Number six (blue) depends on the two previously calculated variants.
Most of the significance and support calculations take place here.

4
3 7 | 10 | 12 | 13
2 3 6 9 | 11
1 0 2 5 8
0 0 1 4

m/n| O 1 2 3 4 5

Table 3.2: Shows the order in witch the motif variants are cal culated through the
enumeration. 6 e.g. (marked blue) depends on the variants 2 and 3 (red).

From the motif variant matrix in Table 3.1, if we let r and c respectively
represent rows and columns and m a new single motif, the significance for the
new motif variant C is aways calculated based on the two previous motif
variants A=(r,c-1) or B=(r-1,c) and m, which can be translated into.

(3.5) Sign(C) = P(A&B|d) = P(!({(A&B)&!d))

(36) Sign(C) = 1-(1-sign(A)*sign(B))* (1-sign(d))
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However, since not all the motif variant exists, e.g. outside the borders, these
locations are filled with dummy motif variants with settings that do not affect
the calculations when those outer limits are reached. Since the significance for
adummy variant is set to 0.0, the last link in Equation (5.6) above becomes 1,
and only the part calculating the transition from motif variant (r-1,c-1) and m
has any effect.

At the other limit, the beginning of a column, a first motif variant is
introduced with 1.0 asits significance, and it is used in calculations by future
SUCCESSOr'S.

3.3.3 Composite motif significance

To evaluate how well composite motifs are formed, the significance between
the single motifs participating in the module is calculated during runtime as
motif variants. The last motif variant calculated represents a possible
composite motif solution for this pattern, and the significance and support
represent the likelihood for observing this pattern again. Instead of
maximizing either support or significance, the combination is a trade-off
which represents al the best solutions between the two extremities, this form
Pareto optimality [29], which other modules not part of the solution is
dominated by.

In the final stage, the best composite motif found is selected, and tested with
other significance models as well. However, those calculations are aso based
on support, so they will be handled after the section on support.

3.4 Support

Support is arepresentation of the number of distinct sequences a single motif
or composite motif occurs in. A single motif can have severa hit positions
within a sequence, but only one contributes to the support. For deterministic
motif representations, a hit is either a match or mismatch in the sequence
which is easy to determine. For PWMs however, a value representing the hits
needs to be calculated for every position within the sequence, and based on a
selected threshold, a hit will either be kept or discarded. Deciding on ato strict
value may discard significant motifs, while a to low threshold might give a
search dominated by less significant motifs [2]. The support can then be found
by registering all matrix scores above the selected threshold as an hit.

A hit list is generated for each motif, and contains every sequence number
and seguence hit position found. This list can contain many hits in the same
sequence, and is the same for all motif representations.

|1]117][1]683]2[24|3 [ 8448 [937]11 1002 |

Figure 3-5: Shows a motif hit list with alternating sequence and position.

19



Bit set is an easy way to represent if amotif or composite motif hitsin agiven
sequence one or more times. By using true/false or 1/0 to represent a hit or
miss, we can in an efficient way calculate the differences or similarities by
using operations like AND and OR on the sets. The bit set cardinality equals
the support.

1 |1 |1 o o o [o .. 1 |
Figure 3-6: Shows a bit set representation of the hit list.

The logic AND and OR operations behave as follows:

AND OR

1AND1=1 10R1=1
1ANDO=0 10R0=1
OAND1=0 OOR1=1
OANDO=0 OORO0=0

Figure 3-7: Shows the logic operators AND and OR.

3.5 Mofn algorithm

To solve this combinatorial problem, a new approach had to be taken since the
existing Mofn algorithm [1] still had some weaknesses compared to what the
goa was to begin with. This type of hard combinatorial problem applies a
branch-and-bound [4] technigue to explore and the entire solution-space. All
the possible combinations are tried out through a recursive enumeration tree,
where each sub-problem shares the same constrains and objectives, except at
the leaf-nodes, which contains the values we are looking for [1, 4]. To create
this tree, the motifs are sorted after descending significance, before the
algorithm start to explore the permutations that make up the search spacein a
Depth First Search [4] as shown in Figure 3.8. In this new and more flexible
method for finding m of n combinations, the design incorporating the motif
variants mentioned in section 3.3 together with belonging calculations had to
be applied to the enumeration process. Thus allowing for any combination of
m and n, and giving more accurate pruning while exploring the tree. All the
most significant motifs are explored first, and the pruning used will be based
on the significance and support values found. The pruning cuts down on the
search-time, by exiting the search loop when the best possible leaf-node so far
is aready located. There will be more information about pruning in a later
chapter.
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Single motifs

(0/1, 1/1) ’ O O O O

(1/2, 2/2) . Pruning I ’ . .
(2/3,
3/3)
DFS
PO OO IO ©
(3/4)

Figure 3-8: Shows the tree structure for a 3 of 4 search with 6 single motifs. Each single
motif added to the tree participate in forming a composite motif (at every blue node) with the
different motif variants calculated at the current level showed in parantheses next to the node.
Thered circle shows how pruning is performed by constructing and expanding a fictive
composite motif (red ling), and checking the possibilities before exploring the entire sub-tree.

When the list of solution is computed, the initial solution is presented in a
Pareto front, which is a representation of the multiple object optimization
problem based on support and significance. The composite patterns in the
Pareto front are listed, and the single motifs are sorted after occurrences in the
modules they participate in.

As afinal first step, the results calculated will be used to evaluate the quality
of the composite motifs found by applying new methods and further
calculations. Based on both statistics and experiments, a set of new values that
can help usto evaluate the composite motifs are reported.

3.6 Pruning

When exploring the branch-and-bound-tree, subsets in the tree will often
produce combinations of values lower than results from previously examined
regions of the tree, and the subsets can be discarded. This process is known as
pruning [30], and in the previous method [1], the upper bound for a subset was
based on theory similar to that of GCMD [2], and that upper limit was only an
approximation which gave a heuristic improvement while pruning. To get a
more correct pruning the new design use an ideal* single motif in combination
with a fictive clone of the current real composite module. This fictive test is
based on real motif variant calculations, equal to those used in the real expand
method, and this will reveal if better possibilities not already covered by the
DFS exploration so far can occur. If pruning at the leaf-node returns a value
less than what is located in the Pareto, the current real composite motif
expansion for this subset is aborted. The search space is reduced by afactor k
[30]. A small (2 of 3) test on 15 sequences/817 motifs showed that the optimal
solution could be found in approximately 1 minute instead of 20.

1. A motif with significance equal to the previous added, and the entire bit set = true.
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3.7 Search tree

To find the size of the DFS tree spanned by the enumeration process without
pruning, the binomial coefficient shown in Equation (3.7) needs to be summed
up for every value of N, as shown in Equation (3.8).

a6 I
(37) &N ((1- N)IN!
38 _é4 )
| & (1 - mmh)
3.8 Runtime

The runtime of this algorithm is mostly dominated by the motif set size and
motif variant to find (m of n). While supporting coderunin linear time asa
function off the number of sequencesread in and used for support and
significance estimations.

Based on the runtime theory in Cormen [4], this algorithm (without pruning)
Is estimated have an upper bound on runtime given by:

(3.9) o(™)

where | is the size of the motif set, and N the number of motif permutations
checked (m of n). N isusually selected to be in the area around 2-6.

However, pruning will cut down the branch-and-bound-tree dramatically by a
factor k, depending on how good the pruning works.
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3.9 Post processing

To further investigate the quality on composite motifs found so far, a variety
of other significance measures are introduced.

3.9.1 Alternate support score

In addition to the already calculated composite motif support, another support
model where also added. Instead of using intersecting values among the single
motifs, atotal hit count is computed.

Smi |1 1 (0 [0 |1 |1 |4
Sm2 |0 1 (0 |1 |1 |0 |3
Sm3 |1 1 |0 |0 |1 |0 |3
Total |2 3 |0 |1 |3 |1 |10

Figure 3-9: Shows how the alternate support is added up.

This gives us another score for how good the motifs hit, and thisis the support
value used when selecting the composite pattern to investigate with additional
statistical and experimental models, since this is the single motifs actua
support observed and therefore give a good likelihood of observing the same
results in random sequences in these new models.

3.9.2 Weighted support

To highlight tendencies in the alternate support, a weighted version was
created. This simply raised the initial value in the power of 2. Other weights
could be used, depending on what properties that should be highlighted.

3.9.3 Binomial significance

For the module selected, the calculations are chosen to be based on the
support found during the enumeration, which represent the shared hits for this
composite motif. These data then build the foundation for the binomial [5]
trails that calculate the probability for observing the composite motif with the
highest found value for total support.

(3.10) P(X = X) :gigpxa- D)

This binomial equation is then used to find the probability of getting the
support value observed or higher:

§ o, i,
(3.11) P(S® support) = Qa 8 p"- p)*
Ng

n=support

where L is the number of sequences involved in the trail, and p the modules
significance.

23



3.9.4 Total significance by trials

This method test the single motif patterns against different background
sequences over a very large number of trials, in the range 1000 — 100 000,
with many test sequences, and try and reproduce the hits found by the total
support, and reports the empirical found significance based on the number of
hits found equal to or above the support.

In statistics, the same test could be calculated by using equation 1 together
with all the valid permutations divided by all the possible permutations [31],
but for most input this would be an enormous number, so finding the possible
permutations is not feasible during every run. A normal distribution is used
instead.

3.9.5 Normal distribution

In theory, the total significance above could be found by using the support
values to form the basis for expected mean p and variance s, S = N(y, s).
And by combining different motif support, we look for a probability for the
interval equal or greater to the support found. The problem in practice are
often either to few samples to form the distribution with, or a number to great
to calculate efficiently. Assuming we have a proper amount of samples, the
normal distribution is and idealization of our independent trials.

(3.12) m=E(X) =8 Xf (x)

(3.13) s2=E(X-m?=g (x- m?

X
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P(S=support)=0.217

s

Figure 3-10: Normal distribution curve. The gray area eguals the probability for a support
greater than the value tested for.

(3.14) N(xms) -1 gwaemisy ,0 < X < |sequences|

J2ps

Iseqtémcwl 1

s \2ps

R ~ 2
e /2)[(x-m)/s]

(3.15) P(S > support) =

3.9.6 Distance constraints

Distance constraints can make it easier to locate patterns in special regions of
the sequences. Start and end position can be added to limit output to this
region. This operation takes place post a Mofn run, and recalculates the
support for single motifs to take account for the new region, only hits within
thisis now a positive hit. All the output is then based on this new support. To
implement distance constraint during runtime and to prune on it is a great
challenge, and another student is currently working on a project handling this
for the GCMD method [3].
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3.10 System design

This new method is designed with many additional classed compared to the
old method [1]. The diagram below show how the different objects work

together. The UML-diagram of the classes can be seenin App. E.

Flowchart

\ 4

Motifs Read input <

{  Preprocessing >

A 4

For each motif

Processing

Terminate
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4 Implementation

Since the method is implemented in Java [27], it can be used on any system
running the Java Virtual Machine Interpreter. Appendix G contains a UML-
diagram of the implementation, Appendix H contains the documentation and
appendix | contains the entire source code.

4.1 System input

The method supports three different running modes. STANDALONE,
SERVER and CLIENT.

For all the modes, avariety of parameters can be added to control the run.

4.1.1 List of all input parameters

-mf <motiffile>

-sf <sequencefile>

-bf <backgroundfile>, used to alter significance for single motifs

-of <outputfile>, default="output.txt'

-m <m> m<=n, default=2

-n <n>, default=3

-type <mot/pvm>, default=pvm

-mode <STANDALONE/CLIENT/SERVER>,
default=STANDALONE

1P XXX XXX XXX XXX> Server | P address

-port <XXXX>, default=7777

-cutoff <percent>, default=20

-print <111111111> 1 prints, 0 does not

-display <111111111> 1 prints, O does not.

-start <distance start position (integer)>

-end <distance end position (integer)>

-prune, turns on pruning

-align, use alignment instead of frequencies for motifs (not PV M)

4.1.2 Motif files

Three different motif representations are supported, and the type used must be
specified with the —type parameter. PWM is default.

ACGT

#Comments

5 5 gggccag 0 291 3 755 4 2669 6 335 7 219

5 5 agcaacc 1118 2295 31074 4 6734 6 1138
5 5 ccagagg 2 1154 31148 4 2014 5 124 6 1151
5 5 tttttctt 1 1334 2 4567 3 1464 4 6817 6 1533

Figure4-1: Showsa list of standard motif patterns based on {A,C,G, T} together with data
representing hits in sequences at given postions.
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IUPAC

#Comments

5 5 ggg[ct]jcag 0291 3 755 4 2669 6 335 7 219

5 5 agc aacc 1118229531074 46734 6 1138

5 5 ccagagg 2 1154 31148 4 2014 5 124 6 1151

5 5 ttt[tgalctt 1 1334 2 4567 3 1464 4 6817 6 1533

Figure 4-2: Showsa similar list as Figure 4.1, but greater flexibility in the patterns are
allowed, IUPAC [Appendix B].

PWM

#Comment s
>MD0658
8.00.01.05.0
0.0
9.0
2.0
0.0
14.
14.
>MD0971

41.0 12.0 20.0 8.0
3.0 55.0 5.0 18.0
12.0 2.0 0.0 67.0
0.0 0.0 0.0 81.0
0.0 81.0 0.0 0.0
1.0 77.0 0.0 3.0

4.0 8.0 14.0 55.0
5.0 33.0 31.0 12.0

Figure 4-3: Shows the probability distribution for patterns represented as Position Weight
Matrices. The columns represent A,C,G,T and the row count the motif length.

4.2.4 Sequence file (target/background)

#Comment s

>nanel

ct cagagt ggct gcagt ct cgct gct ggat gt gcacat ggt ggt cattccctctg
>nane?2

aggt ct gt gagagct cccct cacact caagt ct ct ct cacagt ggccagagaat g
>nane3

attaatcatttcctctgtgtatttaagagctcttttgccagt gagcccagetttc

Figure 4-4: Shows sequencesin the Fasta-format.
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4.3 Running on a standalone system
To start the program, use this commando:

| JavaMofn —mf <motif file> -sf <sequence file> -m <m> —n <n>

Figure 4-5: Shows the standard commando used to start the program.

4.4 Making use of clients and server for a distributed run

Some calculations run with this system might demand more computational
power then what a single PC can offer in reasonably time. The previous
version of Mofn, had asimplified client/server-model implemented, and it was
difficult to administrate. It also lacked a common Pareto front, for more
optimal pruning throughout the nodes.

4.4.1 Server
A server isfirst started with desired port and number of clients as arguments:

Java Mofn —mode SERVER —clients <X> —mf <motif file> —sf
<sequencefile> -m <m> -n <n>

Figure 4-6: Shows how to start a server for a distributed experiment.

The server then printsits IP, which is used from every client when connecting
to the server. Both the server and the clients contain and read the input-files to
do initial calculations and find the dimensions on the data.

During the run, the server contains the most updated Pareto front, which each
client continuously update and read.

After a completed run, the server receives the composite motifs from the
client, and the post run calculations and printing of results are handled.

4.4.2 Client

Each client is started with the IP and port for the server. The interval assigned
to the client is provide by the server together with the m and n values needed
for the calculations.

Java Mofn —-mode CLIENT —ip <XXX.XXX.XXX.XXX> —
port 7777 —mf <motif file> —sf <sequence file>

Figure 4-7: Shows the code used to connect to the server already started (above).
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4.5 Program output

The program can output a variety of data either to screen or file. The default
setting is to print everything, but this can easily be controlled by the
parameters:

-print 010100000 and  -display 010100000
“1” prints/displays corresponding output with position list below from 1-9:

Display motifs with stored information

Pareto front

Composite patters (with single motifs)

Most common single motifs (counted)

Counted support (total)

Weighted support (*2)

Binomial

Experimental significance

Final results (alignment against target sequences)

CoNo~wWNE

The output is spread over two files, where X is the experiment number
automatically provided by “nr.txt”:

output_(X).txt
<motif filename>(MN)_(X+1).txt

The details are explained in the following two sub chapters.

4.6 Outputfile (X)

The first file contains the output from all the basic calculations, together with
the motifs and parameters used. By including all the parameters used in the
output file, the tests are very easy to reproduce.

4.6.1 Display motifs with stored information

After data is read into the program, a list of al the motifs can be printed to
either screen or file with the associated values. This makes it easy to control
the data ready for processing.

806 - Supp: 6 - Sign: 0.4958583819811141 - Pattern: cagagga
{0, 2, 3, 4 5, 6}
807 - Supp: 6 - Sign: 0.4958583819811141 - Pattern: ctgctca

{0, 1, 2, 3, 4, 6}

Figure 4-8: Shows motif ID, support, significance, pattern and the hit list indicating which
sequences the motif occur in.
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4.6.2 Pareto front
The Pareto front list, is printed after first applying (1-significance), this gives
the most important motives the highest values.

Pareto[0]: 1,0
Pareto[1]: 1,0
Pareto[2]: 0,9973768658189076
Pareto[ 3]: 0, 9948203878210522
Pareto[ 4] : 0,9307878926097515
Par et o[ 5] : 0, 9307878926097515
Pareto[ 6] : 0, 6656482801289907
Pareto[7]: 0,0
Pareto[8]: 0,0

Figure 4-9: Showsthe Pareto front for a test with 8 sequences. The significance has a value
between 0.0 and 1.0.

4.6.3 Composite patters (with single motifs)

Each composite motif represented in the Pareto front is then listed, so that
further investigation of interesting patterns can take place.

Pattern[0]: aaaaatg tcctcttcct ttccttctag
Pattern[ 1] : aaaaatg ttccttcet ttcecttcet
Pattern[2]: ccttctcct tcctcctcc tcctettcect
Pattern[3]: ccttctcct ctcctccte cctcctcct
Pattern[4]: aaccaacc tcttcctt ttcctcect
Pattern[5]: aaccaacc tttttctt ttttettt
Pattern[ 6] : aaaaatg tettttt ttttettt

Figure 4-10: Shows the single motifs participating in the composite module for each support
in the Pareto Front.

4.6.4 Most common single motifs (counted)

Since it can be interesting to see which single motifs participate most
frequently, a list is built and the occurrences are counted and sorted in
descending order.

aaaaatg: 3
ttttettt: 2
tcctctteet: 2
ccttcteet: 2

ttcecttet: 2
aaccaacc: 2
tttttett: 1
ttcctecet: 1
tettttt: 1
tcttcett: 1

tcctcctcee: 1
ctcctcete: 1
cctceteet: 1
ttccttctag: 1

Figure 4-11: Shows the frequencies based on appearance in a module for each single motifs.
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4.6.5 Counted support (total)

To get a better estimate on the support for each module, another calculation
for the support is presented.

CS[ 0] :
CS[ 1] :
CS[ 2] :
CS[ 3] :
CS[ 4] :
CS[ 5] :
Csl 6] :
CS[7]:
CS[ 8] :

OCORPPOOO WM
w N

Figure 4-12: Shows support based the sum of every support instead of using the logic
operands for the intersection.

4.6.6 Weighted support ("2)

Since there can be special support values that are extra interesting, a weighted
addition to the previous model presented was implemented. It currently use
the 2-power function, but can easily be switch with other models if needed.

W5(Csh2)[0]: 16,0
Ws(Csh2)[1]: 9,0
Ws(Csh2)[2]: 36,0

WS(CS*2)[3]: 64,0
WS(CS"2)[4]: 81,0
WS(CSM2)[5]: 144,0
WS(CS”2) [ 6] : 169, 0
WS(CS*2)[7]: 0,0
WS(CS*2)[8]: 0,0

Figure 4-13: Shows the weighted support values.

4.6.7 Binomial

The binomial function is used in experiments where we try to reproduce the
support found. The significance provided here is a good estimate for the
composite motifs importance.

SB[O]: 1,0
SB[1]: 0,0

SB[ 2]: 1,906517099708663E- 4
SB[3]: 7,631891688705638E- 6
SB[ 4] : 0, 0012801176037734584
SB[ 5]: 7, 444544090325077E- 5
SB[ 6]: 0, 019976473968959022

Figure 4-14: Shows the output from the binomial calculations.
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4.6.8 Experimental significance

In addition to the binomial trials, an experiment with up to 100 000 cycles
randomly samples the motifs significance in a set of 1000 sequences. An
occurrence over the random significance value is counted. ST is then
calculated as (every observed count)/(possible occurances).

ST[0]: 0, 75609
ST[1]: 0, 90623
ST[2]: 1,2E-4
ST[3]: 2,0E-5
ST[4]: 0, 01834
ST[5]: 3,8E-4
ST[6]: 0, 18308
ST[7]: 0,0

ST[8]: 0,0

Figure 4-15: Shows the significance for composite modules based on experimentation.

4.7 Outputfile (X+1)

Contain alignment data against the sequences for a chosen composite motif.
This file is used as input to programs that evaluate the quality of the
predictions done.

4.7.1 Final results (alignment against target sequences)

In the final stage of the program, the best composite motif found with the
binomial test is selected and matched against the target sequences, this
produce alist like the one showed here:

Modul e 1:

D10051, 211, 896, aaatgcattattattattatg..cagaggt aaag, M)0040, MD0981, MI0925
AF039399, 1656, 1663, gcaggga, MD0040, MD0981, M0925

A28223, 526, 1318, caggccaccact gcagct ggaggt ac..cagacag, M)0040, M0981, M0925
V01523, 381, 530, cagctggcaggaagcaggt g..gcaaaacac, M)0217, M0973, MO0971

The file contains the following information:
0 Module name
0 The sequence name
Start position (first motif hit)
End position (last motif hit)
Pattern located between start and end position
The single motifs which build up the composite pattern

© O 0O
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5 Testing

5.1 Evaluation criteria

TransCompel [24] is the dataset used in al the tests, which is one of many
well studied sets used by the bioinformatics group here at NTNU. The subset
used is obtained from the TransCompel database consisting of composite
regulatory elements affecting gene transcription [24] with associated
sequences.

Finding good test criteria for a new method like this is a challenge, but by
using test sets with known binding sites for the sequences, it is possible to
some extent evaluate how well this method performs. By alternating input
parameters and settings for all the different tests, they should match different
characteristics in the sequences and produce variations in the output that will
be evaluated on criteria comparable to assessments done for other common
motif discovery tools, by Tompa et. a. [23]. This measures alow the newly
predicted sites to be compared to what is aready known, and we are
especialy looking at the correlation coefficient (nCC) calculated.

nCC is based on:
- TP: The number of positions in both predicted and known sites.
FN: The number of positionsin known, but not predicted sites.
FP: The number of positionsin predicted, but not known sites.
TN: The number of positions in neither predicted and known sites.

And is calculated:

_ TPXTN - FN >FP
J(TP+FN)(TN + FP)(TP + FP)(TN + FN)

nCC

nCCisintherange-1to +1, where +1 equals perfect alignment, and alower
value poor alignment.

Figure 5-1: Shows the values and cal culation used by the nCC value under investigation
[23].

In other tests, new deterministic motifs where generated from the sequences
by Teresias [18], with parameters as shown in [App. A]. These motifs
provided me with the possibility to compare results against the probabilistic
PWMs, and to test the significance values based on alignment in rea
background material instead of the uniform distribution. Here the comparison
needed to be done more manually, to check the number of composite matches,
the region they hit in and common scores for significance, support and the
region they hit are checked.

Tests like these are easily biased by human factors or properties for the test
set, so | run many subtest for each test with different parameters without any




special prediction on the data, and use this to choose the best subtest for
further testing.

The tests are done both with and without pruning to compare running time and
results.

Two separate tools will be used to run all the tests. A run centre and script
will produce results with desired parameters, and a python script provided by
the bioinformatics group will test for correlation with the TransCompel set.

5.2 Test centre used to run tests

To run the number of tests needed, a program was written in Visual Basic to
manage input, parameters and variants included in the test.

=, (Mofn) Run center v1.6 g@@
Motif Sequences
| &3 & [5YETEM] | | &3 [SYETEM] =]
S0 AP1-Ets_mat, txt [ AP1-Ets_seq.tat
EJTEMP APT-HMGIY_mat. tst Y TEMP APT-HMGIY_seq tat
S Mofn APT-MFAT _mat tut EMain APT-NFAT _seq.bat
3 Data AP1-MFkappaB_mat tat S 0ata AP1-MFkappaB_seq bt
=) CEBP-MFkappaB_mat. tat =) CEBP-MNFkappaB_seq.tat
A TransCompelz E2F-E2F_mat tat 3 TransCompelz EZF-E2F_seq it
= mapped_matrices Ebos-Ets_mat bt W sequences Ebos-Ets_seqtat
Ets-AML_mat kat Etz-AML_seq bat
Ets-MFkappaB_mat. txt Ets-MFkappaB_zeq tut
Etz-SRF_mat. tut Etzs-SRF_seq.tst
IRF-MFkappaB_rnat.kat |RF-MFkappaB_seq. kst
MFkappaB-HMGIY_mat. bt NFkappaB-HMGIY_zeq tut
PUT-IRF_mat kst PU1-IRF_zeq.txt
Spl-Ets_mat. kst Spl-Ets_seq.tat
Stat-Stat_mat kxt Stat-Stat_zeq.tut

Find motif variants: |2.2’2.3'3_3‘2.4’3_4'3_5

Parameters: |« additional parameters>

RUN

Figure 5-2: Shows the Run centre used to run tests with compl ete dataset for many motif
variants with the possibility for additional parameters.

The interface needed between the run centre written in Visual Basic and Mofn
in Java, isascript batch file created for the right number of parameters N.

| JavaMofn %1 %2 %3 %4 ... %8 |

Figure 5-3: Shows the content of script.bat.

For some small and standalone tests, where output is not tested as sets, a
lighter test script was used instead.

| javaMofn -mf Spl-Ets mat.txt -sf Sp1-Ets_seq.txt -bf Unique 5000.fas-m2-n3 |
Figure 5-4: Shows the content of test.bat
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5.3 Nucleotide-level scores
This test-script to measure the nucleotide correlation coefficient and other

values is provided by the bioinformatics group at NTNU. It contains 3
Pythonsfiles:

Bulk_Score.py
GraphGen.py
ComputeScores.py

Python, Scipy, pylab and Graphgen are packages that needsto be installed to
run this script.

| Python BulkScore.py testsetfile outputfile |

Figure 5-5: Shows how to use the script.

The testset file contains links to all the datasets needed to calculated nCC.

<predicted data> <known data> <matrix used> <related sequence>
<predicted data> <known data> <matrix used> <related sequence>
<predicted data> <known data> <matrix used> <related sequence>
<predicted data> <known data> <matrix used> <related sequence>

Figure 5-6: Shows how the testset filesis used to link the datasets used by the script. One line
isused for each test set in a test.

5.3.1 Script output

The script produces 3 different outputs. (i) The first output shows a graph
(Figure 5.7) for different nucleotide-level scores, where nCC is one of the
value most important for usto test. (ii) Shows similar values calculated for the
motif level. (iii) At the end, atext file with all the background calculationsis
printed. This make it easy to further evaluate the values found..
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Figure 5-7: Shows different nucleotide measures plotted for every sequence. The nCC curve
(blue) is the one we focus on.

Figure 5-8: Represents the same quality on the motif level.
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6 Results

This chapter presents a diverse selection of tests. The most important is the
nucleotide-level score. The most important elements observed are shown here,
while the complete datasets used and corresponding results can be found in
the attach ZIP file [App. G].

6.1 Nucleotide-level scores

To best evaluate the nCC found, we cal cul ate the observed values order by the
motif variants, background model, input parameters used and corresponding
sequences. This can then be compared against what other motif discovery

tools achieved [32].

nCC | 2of2 20f 3 3of 3 20f 4 3of 4 30f 5
UF | 0,042238 | 0,021718 | 0,047943 | -0,023871 | 0,004129 -0,049502
BG | 0,032191 | 0,028200 | 0,045786 | -0,027099 | 0,016000 -0,045525

Table 6.1: Shows how the nCC is distributed over the different motif variants (1. row) and the
background model used (UniForm or BackGround), with strict parameter settings. The 4 best
in every sequence is chosen before a cut-off at 20 percent decide the threshold used.

nCC| 2of2 20f 3 30f 3 20f 4 30f4 3of 5
UF | 0,033575 | 0,177916 | 0,032377 0,016488 0,023416 -0,023696
BG | 0,044112 | 0,299830 | 0,035947 0,016377 0,015724 0,011981

Table 6.2: Shows how the nCC is distributed over the different motif variants (1. row) and the
background model used (UniForm or BackGround), based on less strict parameters. The 10
best in every sequence is chosen before a cut-off at 30 percent decide the threshold used.

These observations give an average score for the entire test with this
composite motif discovery tool:

| Mean nCC = 0,032344

Table 6.3: Mean nCC for this Mofn method.

6.2 Common single motifs

All the single motifs that occurred in a composite motif discovered in the
TransCompel dataset are listed below together with the total number of times
they contributed. The count is over all the various settings tested.

41 M00040
31 M00926
31 M00981
30 M00041
29 M00801
25 M00054
23 M00925
23 M00971
18 M00208

13 M00174
11 M00173
11 M00939
10 M00051
10 M00736
8 M00050
8 M00739
8 M00973
7 MO00731

6 M00430
6 M00931
5MO00738
5MO00751
4 M00726
3 M00217
3 M00223
3 M00492
2 MO00737
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16 M00052
16 M00743

7 M00933
6 M00053

2MO01029
1 M00658

Table 6.4: Show all the single motifs participating in the composite modules. And the number
of occurrences found.

6.3 PWM compared to standard motifs

The motif representation selected, should fit the problem we are trying to
solve. | have done severa tests, neither dominates the other clearly.

1,2

Pareto front (PWM vs {A,C,G,T} (2 of 3)

Ne

ne

Ne

.2

[ |
=]

0,8

0,6 1

Significance

0,4

—o—{A,C,G,T}
——PWM

0,2

3 4 5 6 7 8
Support

Figure 6-1: Compares the PWM representation against {A,C,G,T}.

6.4 Background test

Testing and comparing the significance for motifs (not PWM) find by the
uniform distribution and alignment against real background sequences.

Pareto front (BG vs UF) (2 of 3)

1,2

0,8

0,6

\ —e—BG

0,4

-

Significance

0,2

2 3 4 5 6 7
Support

Figure 6-2: Compare a 2 of 3 run based on {A,C,G,T} based on background distribution
(UniForm or BackGround).
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6.5 Manual alignment

If additional investigation is needed, alignment against sequences can be used
to verify hitsin different regions.

Module 1:

D87541, 565, 879, ccttctectcttee ..... gaagtcgeegg, cacacacac, tectettect, ccttctect
M60058, 242, 250, cacacacacctcctce, cacacaca, tectettect, ccttetect

D13784, 6723, 6956, ccttctectgc....ctgegeegtgecttc, cacacacacaca, tectcttect, cettetect

Table 6.5: Shows 3 motifs combined with the sequence they occur in. The sequences are cut
of due to space limitations.

6.6 Different cut-off value

After the significance for every motif is calculated, the support is found by
keeping every hit position in every sequence over a given threshold set by the
cut off value in percent. Through test, | have found that by using 10 percent,
gave amore exact composite pattern then 20 and 30.

Threshold: 0.029999999999999995 Percent: 10
Pareto[2]: 0,99130279314752

Pareto[3]: 0,99130279314752

Pareto[4]: 0,0

Pattern[3]: M00933 M00971 M00743
CS2: 0

CY3): 8

CS4]: 0

SB[3]: 3,565572059147113E-5

ST[3]: 1,9E-4

Figure 6-3: Shows part of output froma run with 10 percent cut-off.

Threshold: 0.004409265108473676 Percent: 20
Pareto[4]: 0,9809432758528

Pareto[5]: 0,965007864704

Pattern[4]: M00933 M00931 M00743
Pattern[5]: M00933 M00931 M00971
cS4): 11

CY[5]: 13

SB[4]: 8.682188650633713E-6

SBI[5]: 2.6885414338786874E-6

ST[5]: 3.0E-5

Figure 6-4: Shows part of output from a run with 20 percent cut-off.
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6.7 Pruning

Pruning showed to be very effective. On severa test, the algorithm used about
5-10 % of the original time estimated. Some motifs with significance 0.0, can
however dominate the search and affect the pruning negatively.

Pruing vs no pruning (2 of 3)

0,9

0,7
0,6

@ Pruning
0,5 .
@ No pruning

04 H
03 H
02 H
01 H

Significance

1 2 3 4 5 6 7 8 9
Support

Figur e 6-5: Shows how 2 different run with and without pruning end up with the same
solution. The only difference isin the time used, calculation time was drastically reduced.

6.8 Results from 3 of 5

Since the method now supports any combination of m and n, it is possible to
investigate motif variants like 3 of 5. The result can be seen below.

Pareto front

1,2
1 i
® 0,8
o
@
c
=
® 04 |
0,2
0 > <&

Support

Figure 6-6. Shows the different solution found in a 3 of 5 run.
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To find out more about this motif variant, the other support model is
presented.

Counted/total support

Pattern

1 2 3 4 5 6
Support

Figure 6-7: Shows how great support all the single motifs participating in the module
actually have.
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7 Discussion

After testing this algorithm, the values found can be separated into two
different categories. (i) Either testing the computational parts of the algorithm,
and we found the different parts here to work quite well. (ii) How this method
performs on real biological datais however what a future scientist is
concerned about. By testing the method on the TransCompel data set, we
proved that this algorithm could discovery approximate composite motifs.
Most of the results observed, where quite similar to what Tompa et. a. found
[23].

The different motif variants we looked for, seemed to have a greater impact on
the result, then if the motifs where based on the uniform or real background
distribution or if the motifs where represented by PWM, IUPAC or
{A,C,G,T}.The test results could be biased by human factors, or specid
properties in the dataset.

Pruning worked as expected. While other ways to increase the power, isto
utilize the client-server model implemented. Even if some of the tests scored a
little under expected estimations, the ideas are proven and the algorithm is
found to works. Which the great flexibility this method offer in both pattern
combination and output, | hopefully it will become awell tested and applied
method.
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8 Further work

This project has come along way now, but there might and will almost always
emerge new needs during its use, so that further development of this m of n
method will probably occur.

8.1 Adding additional models to the search

The enumeration that takes place during DFS can be modelled to handle
support, various weighting of motifs and constraints in different ways.
Starting on atask like that can be to undertake alot of work, but would surely
be something interesting to apply here.

I know that a project to add distance constraints for GCMD [2] where done by
another student.

8.2 More testing

Evaluating tools like thisis a hard problem, and further work should be done
to check if the results found in TransCompel really where representative for
this method.

8.3  What the future brings

The ongoing work of unrevealing the information hidden in DNA and proteins
is really exciting, so | hope both IDI and other scientist around the world
working with similar problems will find great use for this method and
application, and that they might continue to develop it.



Acknowledgements

I would like to thank my coach Geir Kjetil Sandve for his help and guidance
throughout this project. Jostein Johansen for providing atest script for my
results, it was greatly appreciated. Finn Drablgs for giving me more insight
into the underlying biology and Magnus Lie Hetland for advices in statistics.

The last and kind regards go to my fellow students for their participation and
feedback during meetings organized for our research group.

And thanks to any future user of this method, | hope it helps you in your work.

45



References

[1]

[2]
[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

V. Valebjarg; “A method for discovery of M-of-N de novo Motifs’,
2005

G. K. Sandve, F. Drablgs: Generalized composite motif discovery

J. G. Bjdlie, E. Haug, O. Sand, @. V. Sjaastad, Med. IlI. K. C. Toverud.
"Menneskekroppen — fysiologi og anatomi”. Gyldendal, 2003

T. H. Cormen, C. E. Leiserson, R. L. Rivest, C. Stein, “DFS, search
tree, divide and conguer, running time of an algorithm.”, Introduction
to Algorithms 2™ edition,, MIT Press, 2001.

R. E. WaPole, R. H. Myers, S. L. Myers. “Probability and statistics’,
6™ edition, Prentice-Hall 1998.

S. Sinha, “ Composite motifsin promoter regions of genes. models and
algorithms’, Generals Report, University of Washington.

PWM, http://en.wikipedia.org/wiki/Position weight matrix

A. E. Kdl, E. Goldling, |. Reuter, E. Cheremushkin, O.V. Kel-
Margoulis and E. Wingender: ” Match™: a tool for searching
transcription factor binding sitesin DNA sequences’ , 2003.

R. Elkon, C. Linhart, R. Sharan, R. Shamir and Y. Shiloh: “ Genome-
Wide In Slico Identification of Transcriptional Regulators Controlling
the Cell Cyclein Human Cells’ , CSHLP, 2003.

CpG idands, http://en.wikipedia.org/wiki/CpG island

Human Genome Project, Sequencing.
http://www.ornl.gov/sci/techresources’Human Genome/fag/segfacts.s
html

Baldi and Brunak; Bioinformatics, 2™ edition, MIT press 2001.
Gary D. Stormo, “DNA binding sites. representation and discovery”
RNA polymerase || example for the TTR control region (promoter)

http://departments.oxy.edu/biol ogy/Stillman/bi221/110300/rna polym
erases.htm

Transcripton Process,
http://en.wikipedia.org/wiki/Transcriptional regulation

G.K. Sandve, F. Drablgs; “A survey of motif discovery methodsin an
integrated framework”, 2006.

46



[17]

[18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Rigoutsos, |. and Floatos A., “Combinatorial Pattern Discovery in
Biological Sequences: The TEIRESIAS Algorithm”, Bioinformatics,
14(1):55-67, 1998.2

Bioinformatics & Pattern Discovery at IBM, The Home of Teiresias:
http://cbcsrv.watson.ibm.com/Tspd.html

|[UPAC table http://prodoric.tu-bs.de/vip/vfp help.php

Platform independent programming language: Java
http://java.sun.com/

Petroutsos, Hough: “Visual Basic 5 — Developer’s handbook”, 1996
M. Fowler, K. Scott: “UML Distilled”, 2™ Edition, 1999

M. Tompa, N. Li, B. L. Baily, G. M. Church, B. De Moor, E. Eskin, A.
V. Favorov, M.C.Frith, Y. Fu, W. J. Kent, V.J. Makeev, A. A.
Mironov, W.S. Noble, G. Pavesi, G. Pesole, M. Régnier, N. Simonis,
S. Sinha, G. Thijs, J. van Helden, M. Vandenbogaert, X. Weng, C.
Workman, C. Yeand X. Xhu. “ Assessing computational tools for the
discovery of transcription factor binding sites’. Nature Biotechnol ogy,
23:137-144, 2005.

TransCompel database, http://www.gene-
requl ation.com/pub/databases/transcompel/compel .html

Gene structure, “NCBI Advanced Workshop for Bioinformatics
Information Specialists’,
http://www.nchi.nlm.nih.gov/ClassNAWBI S

G. Stolovitzky, A. Califano; “ Statistical Significance of Patternsin
Biosequences’, 1998

M. Spingola, L. Grate, D. Haussler, M. Jr. Ares, “ Genome-wide
bioinformatic and molecular analysis of introns in Saccharomyces
cerevisiae.”

Background distribution, Munich information center for protein
sequences, http://mips.gsf.de/proj/yeast/reviews/intron/F4.html

Information about the Pareto front usage and Pareto optimality.
http://en.wikipedia.org/wiki/Pareto_optimality

Branch-and-bound and pruning;
http://en.wikipedia.org/wiki/Branch and bound

47



[31] K. H. Rosen; “Discrete Mathematics and Its Applications” 4™ Edition,
1999

48



Appendix A — Output from Teiresias

Output from Teiresias or any other third-party discovery tool can be alist of
motifs as shown below.

1. column: Total hitsin every sequence

2. column: Total sequences with hitsin them. (Distinct)
3. column: Motif name - IUPAC representing the pattern.
4. column: Alternating sequence number and hit position

BREHEA AR R R AR R R R R R A GREH  ER E R R AR R R R

# #
# FI NAL RESULTS #
# #

BREHEA AR R R AR R R R R R AR R AR R R R R AR

7 5 gcctcect 1 1562 2 2405 3 127 4 444 4 6214 4 7996 6 471
7 5 cagcctg 0 370 1 657 2 735 4 2800 4 7953 4 7981 5 92

7 5 ctcagct 0 2136 1 1701 2 2837 3 1685 4 3622 4 4561 4 7493
7 5 tcttett O 1930 1 363 1 546 3 479 3 1322 4 7328 6 1261
7 5 ctgtgct 0 611 1 402 1 1125 1 1602 2 1909 3 795 4 2365
7 5 aaccaaa 0 74 1 853 2 835 2 1267 4 1821 7 27 7 132

7 5 accagcc 0 2078 0 2335 2 1456 2 2805 3 1078 4 2208 6 1142
7 5 cctggee 0 373 1 651 1 1537 3 1005 4 6149 4 7789 6 1067
7 5 gaagctg 0 2527 2 1589 2 2147 2 3690 3 363 4 5045 6 1235
7 5 gcaacca 1 119 2 296 2 5069 3 1075 4 4361 4 6666 6 1139
7 5 ttctttc O 1366 0 2497 1 548 2 209 2 4570 3 1324 4 6820
7 5 atttttt 0 1078 1 232 2 888 2 3530 4 6815 4 7812 6 1529
6 5 gttccac 1 1099 2 4053 3 1600 4 624 4 8006 6 1287

6 5 agaaaaa 0 411 1 968 2 1294 4 5161 4 7871 7 104

6 5 gagccag 0 1667 1 1642 2 3197 3 1622 4 702 4 2011

6 5 tgctcca 0 300 O 1892 2 4244 3 514 4 4611 6 124

6 5 ttettttt O 2065 1 1331 2 861 3 1461 3 1475 6 1428

6 5 gacctgg 0 109 2 2075 3 220 3 679 5 10 6 1065

6 5 ccaaaac 0 70 0 2199 1 855 2 1269 3 558 4 7718

6 4 ccaaaag 0 1789 2 3510 2 3858 3 1542 4 1018 4 4570

6 4 gaagcca 0 1572 2 3828 2 3897 3 1528 3 1812 4 199

6 4 gaaacag 0 2158 1 958 4 67 4 7260 4 8346 6 223

6 4 ctttttt 2 2618 2 4891 3 1451 3 1477 4 7014 6 1430

6 4 tttetttt O 2064 1 1336 3 1460 3 1474 6 1427 6 1535

6 4 cagaagt 0 2357 1 1239 1 1291 3 71 4 71 4 8350

6 4 cttcctt 0 675 1 583 3 483 4 6960 4 6964 4 8197

6 4 ctgtttt 1 433 2 1440 2 2365 4 3908 4 6380 6 262

6 4 ctctttc 0 686 0 1217 1 1515 4 3873 4 7000 6 1446

6 4 ccacagg 0 1302 0 1675 1 123 2 3589 4 5027 4 7900

6 4 ctcttct 0 1929 3 573 3 1321 4 7028 4 7126 6 2043

6 4 ctctcca 0 628 1 49 3 940 4 543 4 729 4 4043

6 4 ctattat 0 2038 2 1476 4 3498 4 4793 4 5474 6 1396

6 4 cgceceecge 1 1609 1 1722 1 1836 3 974 4 1090 6 871

6 4 cctggagg 1 1299 2 2871 4 1608 4 2638 4 7091 6 622

6 4 acaggca 0 777 0 873 0 1304 2 1466 4 7247 6 1988

6 4 aaccaga 0 545 2 3782 2 5034 4 2006 4 2595 7 81

6 4 aacagcc 0 591 0 2160 2 733 2 2436 4 7262 6 409

6 4 tttttgc 2 1356 2 3434 3 1371 3 1453 4 7814 6 1440

6 4 agcccac 0 693 3 1081 4 1991 4 2818 4 7301 6 1145

6 4 0

acagcct 2161 1 1435 2 734 2 2437 2 3662 4 7980
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Appendix B - IUPAC

The IUPAC Codeis aset of symbols encoding each ambiguous subset of the
four nucleotides “ACGT" in DNA code. Below isthe complete list of these
symbols together with the subset they encode [19]. All motifs with patterns
represented with l[UPAC codes, will be translated into the corresponding class

in the program.

Code Corresponding class | Description

A A Adenine

C C Cytosine

G G Guanine

T (or U) T Thymine (or Uracil)
R [A,G] Purine

Y [C,T or U] Pyrimidin

K [G,T or U] Keto

M [A,C] Amino

S [G,C] Strong (3 H-bonds)
W [A,T or U] Weak (2 H-bonds)
B [G,T or U,C] not A

D [G,A,T or U] not C

H [A,C,T or U] not G

V [GCA] not T, not U

N [ACGT or U] Any

. Or - ‘o Gap
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Appendix C — Glossary from various chapters

Amino acid Biochemical building blocks. Some are made in us, others are
added through food sources.

Antagonistic Category on how compsite patterns affect each other
(interference).

Binding site Pattern in the regulatory region of agene

DFS Depth First Search —away of traversing atree-structure,
where each leaf-node from left to right are visited first

DNA Deoxyribonucleic acid

Dummy motif variant

Fake element created outside limits to aid the enumeration

process.

First motif variant Fake element created outside limitsto aid the enumeration
process.

Gene A template for constructing a protein chain.

Motif A string with letters from the al phabet used.

Pareto front Representation of solution in a problem based on two
variables.

Promoter A DNA location used under transcription. RNA polymerase

connects to the promoters before starting the transcription
process.

Promoter region

See promoter region.

Protein A peptide-bond of amino acids used for different functionsin
organisms (hormones/enzymes €etc.).

PWM Position Weight Matrix, used to represent motifs.

Significance Likelihood for amotif to occur in a sequence. Log values are
often used, this fix variable scale problems, outliers, negative
values etc.

Support A count of an objects frequency in aset.

Synergistic Category on how some compsite patterns affect each other

(co-operatively).

TF (Transcription Factor)

See motif.
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Appendix D — Sequences from TransCompel

Below is asubset of sequences taken from the TransCompel dataset. The
sequences are from the Spl-Ets seq.txt file[App. I]. Every sequenceis
represented in the FASTA format.

The sequences in TransCompel where provided with corresponding PWM
motifs, but an alternate motif representation where made by using Teiresias on
the same dataset for comparison between the different representations. The
following settings where used in Teiresias:

Exact Discovery: true

Only amino acid characters: true
Max Brackets: 0

L:7

W. 7

K:5

Q: 25

>MB4757

t aagat gagt t ggaaaat aat gagggagggaccat cccgaccct ggattt ga
aggat agttt ggattttcccaaaaccaaactt gccaacaggtt gt gt actgc
aggt agacct ggat t agt gacct aagtttcatcttat ctt gaggagagt gaa
ctttgat at aagggct cagggaat cccagctcctttgttccttcccatgttg
gct ggagagaagggat t ccccat gat agccagggt ctt cagggcct act gt c
acaat gt acagaat aaat ggat ggact aaaagggccaggt t gct ccaaggcc
gaat gt gaccatt ctt cccagagt t cact gct ccgaact ct cctt cacagac
t gaggt cagcct ggcccctatgtt gttt accct gagttcct cctt ggagaaa

>DP87541

tttt cagaaagagat gcagagaacacagggagt gcacagaacattcttgctc
t ccacgaat catt gt ct gcct ctt aaaccccacatt ct gat cccaaat ggtg
acaaggaat gaaagagcaaccacagggt ct t gt gt at aagt at ccacacagg
atttcctgtctctgaggtggcettttacataggtattagcctgtgget gataa
gat ct cccaacagttttgctgcttattttttacattttaaaaat caacttgc
tt aacccaact aaggct at ccacacccccacacat gattacttatgttat ga
gat gaat gcat gct gacact gaggt gttttttct gct gt gt gagacagggat
cttcttatgttgact gggct caggggggect act gcctctgtgettagtctg

>J02275

atttttagaact gaccaaccat gtt cacgt aagt gacgt gat gacgcgcgct
gcgcgcgcegect t cggacgt cacacgt cactt acgttt cacat ggtt ggtca
gtt ct aaaaat gat aagcggt t cagggagt t t aaaccaaggcgcgaaaagga
agt gggcgt ggt t t aaagt at at aagcaact act gaagt cagt t act t at ct
tttctttcattctgtgagt cgagacgcacagaaagagagt aaccaact aacc
at ggct ggaaat gct t act ct gat gaagt t t t gggagcaaccaact ggt t aa
aggaaaaaagt aaccaggaagt gttctcatttgttttt aaaaat gaaaat gt
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Appendix E — UML
UML diagrams for the different classes in the M ofn-package:
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Appendix F - Source code

Shows source code for all classesin the Mofn package.

Mof n. j ava

i mport java.util.Vector;

i mport java.util.Arraylist;
import java.util.BitSet;

i mport java.util.StringTokeni zer;
i mport java.util.HashMap;

i mport java.io.BufferedWiter;
inmport java.io.FileWiter;

i mport java.util.Arrays;

i mport java.util.TreeMap;

i mport java.io.*;
i mport java.net.*;

*

This class controlles the Mof N application.
Starts standal one, server or client process.
Handl es input (motifs, sequences), output (display, files)
@ut hor Vetle Val ebj grg
@ersion 1.0
@ee ConpositeMtif, Real ConpositeMdtif, FictiveConpositeMtif,
SingleMotif, MotifVariant, Cient, |nputReader, QutputWiter
*/
public class Mfn{
/| CONSTANTS

/

* 0%k X X X X F

public static final String VERSION = "2.07.2006";
private static final int MACH NE = O;

private static final int INPUT = 1;

private static final int PVM = 1;

private static final int MOT = O;

private static final int STANDALONE = O;
private static final int CLIENT 1;
private static final int SERVER 2;

private static final int PD _MOTIFS = O;
private static final int PD_PARETO = 1;
private static final int PD_PATTERNS = 2;
private static final int PD_SINGLEMOTIFS = 3;

i
i
i
i
private static final int PD _COUNTS = 4;
i
i
i
i

private static final int PD VElI GHTS = 5;
private static final int PD_BINOM AL = 6;
private static final int PD_EXP = 7;
private static final int PD_FINAL = 8;

OO0OO0OO0OO0OO0O0O00OO0

private stati
i ncreases

int nroutput = 9; //change if |ist above

private static BitSet display = new BitSet(nroutput);
private static BitSet print = new BitSet(nroutput);

/1 GLOBAL VARI ABLES SET BY PROGRAM AND PARAMETERS
private static Socket sock;

private static ObjectlnputStream ois;

private static ObjectQutput Stream 00s;

private static int portNr = 7777;

private static int[] nmode = { STANDALONE, PVM ;
private static int clients = 0;

private static ArraylList outputstr = new ArraylList();
private static ArraylList debugstr = new ArrayList();
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//list of all notifs frominput-file, sorted after significance

public static ArrayList notiflList;
public static Vector sequenceli st;
public static Vector backgroundLi st;

public static boolean PRUNE = fal se;

private static bool ean ALICGN = fal se;
[/ default nunber of sequences the input notif are retrieved from

public static int nr_of_seq;; public static double[] pareto;
/[11ist of significance for given support-index

public static HashMap patterns = new HashMap();

public static double threshold = 0.0;

private static int startPos = 0; //startposition in the
nmot i f Li st

private static int stopPos = 0; //stopposition in the
nmot i f Li st

private static int con_start = -1;

private static int con_end = -1;

/1 VALUES THAT CAN BE CHANGED

public static int MAX N = 2; //nmax conbinations N = 3 finds ni3
(0<=nr=3)

public static int MAX M= 2; //nunber of mrgoal, 0 = N1 = N
1/N and so on.

private static int percent = 30;

public static String server_ip = "10.0.0.11";

public static String sequenceFile =
"dat a// TransConpel 2/ / sequences//apl-ets_seq. txt";
public static String motifFile =
"dat a// TransConpel 2/ / mapped_matri ces//apl-ets_mat.txt";
public static String backgroundFile =
"".//data//Uni que_5000_1000. fas";
public static String outputFile = "output"; //default
outputfile

/**
* Constructor with GUJ if wanted
*/
public Mfn() {
/* addW ndowLi st ener (new W ndowAdapter () {
public void wi ndowC osi ng(W ndowEvent e) {
di spose();
System exit(0);
}
1)
*/
}
/**

* Parses the arguments provieded to Mdfn and sets variabl es
accordingly
* @aram args paraneters used to control the program
*/
private static void extractParaneters(String[] args){
i nt machi nenode = STANDALONE;
i nt inputnode = PVM
print.set(0, nroutput);
di spl ay. set (0, nrout put) ;
int paraneter = O;

whi | e( par anet er <ar gs. | engt h) {
if(args[paraneter].equal s("-nf")){
par anet er ++;
motifFile = args[paraneter];
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}else if(args[paraneter].equal s("-type"))({
par anet er ++;
i f(args[paraneter].equal s("pwr)){
i nput node=PVM
}el se{
i nput node=MOT;

}lelse if(args[paranmeter].equal s("-sf")){
par anet er ++;
sequenceFil e = args[paraneter];

}else if(args[paraneter].equals("-of")){

par amet er ++;

i f(args[parameter].indexOf(".")!=-1){
outputFile =

args[ paraneter].substring(0, args[paranmeter].indexOi("."));

}el se{
outputFile = args[paraneter];

}

}else if(args[paraneter].equal s("-bf")){
par anet er ++;
backgroundFil e = args[paraneter];

}lelse if(args[paraneter].equal s("-m'")){
par anet er ++;
MAX_M = | nt eger. parsel nt (args[ paraneter]);

}lelse if(args[paraneter].equal s("-n")){
par anet er ++;
MAX_N = I nteger. parselnt(args[paraneter]);

}lelse if(args[paraneter].equal s("-node")){
par anet er ++;

i f(args[paraneter].equal s("SERVER")) {
machi nenode = SERVER;

telse if(args[paraneter].equal s("CLI ENT")){
machi nenode = CLI ENT;

}el se

i f(args[paraneter].equal s("STANDALONE") ) {

machi nenbde = STANDALONE;

}

}else if(args[paranmeter].equal s("-cutoff")){
par anet er ++;
percent =
I nt eger. parsel nt (ar gs[ paraneter]);

}else if(args[paranmeter].equal s("-ip")){
par anet er ++;
server _ip = args[paraneter];

}lelse if(args[paraneter].equal s("-port")){
par anet er ++;
port Nr = I nteger. parselnt(args[paraneter]);

}lelse if(args[paranmeter].equal s("-print")){
par anet er ++;
for(int
i =0; i <args[paraneter].length();i++){

if((args[paraneter].substring(i,i+1)).equals("0")){
print.clear(i);
}

}else if(args[paraneter].equal s("-display")){
par anet er ++;
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for(int
i =0; i <args[parameter].length();i++){

if((args[paraneter].substring(i,i+1)).equals("0")){
di splay.clear(i);
}

}else if(args[paraneter].equal s("-clients")){
par amet er ++
clients =
I nt eger. parsel nt (ar gs[ paraneter]);
}telse if(args[paranmeter].equal s("-start")){
par amet er ++
con_start =
I nt eger. parsel nt (ar gs[ paraneter]);
}telse if(args[paraneter].equal s("-end")){
par amet er ++
con_end =
I nt eger. parsel nt (ar gs[ paraneter]);
}lelse if(args[paraneter].equal s("-prune")){
PRUNE = true;
}lelse if(args[paranmeter].equal s("-align")){
ALI GN = true;
}

par anet er ++
}//while paranmeters left

nmode[ MACHI NE] = machi nenode
nmode[ | NPUT] = i nput node
}
/**
* This method is started at default by java
* and anal yses input paranmeters before it start run().
* @aramargs |list of paraneters used to control the program
*/
public static void main(String args[]) {

/ | DEFAULT RUN
i f(args.length!=1){

/ | PARAMETER RUN NORMAL/ CLI ENT/ SERVER
extract Par anet er s(args);

/ | READI NG PARAVETERS
Systemout.println("Reading in data...");

/1 PVYM
i f (node[ | NPUT] ==PVM {
I nput Reader ir = new
| nput Reader (sequenceFil e);
sequenceli st =
i r.readSequences(sequenceFile);

i f (backgroundFile.equal s("")){
}el se{
backgroundLi st =
i r.readSequences(backgroundFil e);

11
ir.setSi gnBasedOnBackgr ound( backgr oundLi st);
}
motifList = ir.readMatrix(notifFile);

nr_of _seq = sequencelist.size()/2;
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Arrayli st scores =
findMvatri xScor es(sequenceli st);
threshold = findMatri xThreshol d(scores);

findMvatri xSupport (scores,threshol d);

i f (backgroundFile.equal s("")){
findMatrixSi gn(threshold, null);

}el se{

findMatrixSign(threshol d, backgroundLi st);

}

/I MOTI FS
i f (node[ | NPUT] ==MOT) {
| nput Reader myReader = new
| nput Reader (motifFile);
sequenceli st =
nmyReader . r eadSequences(sequenceFi |l e);

nr_of _seq = nmyReader. get NrSeq();

i f (backgroundFile.equal s("")){
notifList =
nmyReader . readMbti f s(nr_of _seq);
tel se{
backgroundLi st =
nmyReader . r eadSequences( backgroundFi | e) ;
i f(ALI GN){
nmotifList =
nmyReader . readMbti f s(nr_of _seq);
findMvbtifSi gn(backgroundLi st);
}el sef

myReader . set Si gnBasedOnBackgr ound( backgr oundLi st) ;
notifList =
nmyReader . readMbti f s(nr_of _seq);

}

}

/lremoving O-supp notifs
for(int i=0;i<notiflList.size();i++){
Singl eMotif sm=
(Singlewotif)notiflList.get(i);
i f(sm get Supp()==0){
nmoti fList.remove(i);

i--;
}

/ 1 CLI ENT/ SERVER
i f (rmode[ MACHI NE] ==CLI ENT) {

try{
startSerializeddient(server_ip);

}catch(Exception e){
e.printStackTrace();

}
}el se if(node[ MACHI NE] ==SERVER) {

try{
startSerializedServer(clients);

}catch(Exception e){
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e.printStackTrace();

}el sef
/ | STANDALONE
}

i f (mode[ MACHI NE] ! =CLI ENT) {

Systemout.printin("");
add_wite_output("");

[/display_motifs();
i f (nmode[ MACHI NE] ! =SERVER) {
run();

/1 DO CHANGE TS FOR DI STANCE CONST)
if(con_start!=-1 && con_end! =-1){

appl yDi st anceConstrai nts(con_start, con_end);

}

Systemout. println();
add_wite_output("");

/1 PRI NT
di spl ay_settings(args);

Systemout. println();
add_write_output("");

di spl ay_pareto();
Systemout. printin();
add_write_ output("");

di spl ay_patterns();
Systemout. println();
add_write_ output("");

di spl ay_nost CommonMoti f () ;
Systemout. println();
add_write_output("");

int[] cSupp = count Support();
Systemout. println();
add_wite_output("");

wei ght edSupport (cSupp) ;
Systemout. println();
add_wite_output("");

int bestNr = sign_binom al (cSupp);
Systemout. println();
add_wite_output("");
sign_total (cSupp);
Systemout. println();
add_wite_output("");

QutputWiter ow = new Qut put Witer();
ow. print_out put (out putstr);

outputstr.clear();
i f (sequenceList!=null){

//display_results(sequencelLi st, bestNr);
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}

i nt cutpos 0;
if(rmotifFile.lastlndexOr("//")!=-1){

cutpos = notifFile.lastlndexOr("//");
tel se{

cutpos = notifFile.lastlndexOF("\\");
}

Qut put Witer ow2 new
Qut put Witer(notifFile.substring(cutpos+l, motifFile.length()-4)+"_" +
MAX_M + MAXCN+"_");

OoW2. pri nt _out put (out putstr);

/1 ow2. print_out put (debugstr);

telse if(args. | ength==1){
/1 PRI NT COVPLETE ARGUMENTLI ST
Systemout. println("Version: " + VERSION);
Systemout.println("3 different running nodes:
STANDALONE, SERVER and CLI ENT");
System out . println("Standard use:
recommended) ") ;
System out. printl n("STANDALONE: java Mfn -nf
<notiffile> -type <not/pvne -sf <sequencefile> -bf <backgroundfile> -
m<n®> -n <n>");

(-sf and -bf are

opti onal but

Systemout. println("SERVER java Mfn -nf
<nmotiffile> -type <not/pwrs -sf <sequencefile> -m<n» -n <n> -node
SERVER -clients <nr>");

System out. println("CLI ENT: java Mfn -nf
<notiffile> -type <not/pwnr -sf <sequencefile> -bf <backgroundfile> -
mode CLIENT -ip <XXX.XXX.XXX.XXX> -port 7777");

Systemout.println("");
Systemout. println("Paraneterlist:");
Systemout.println("-nf <motiffile>");
Systemout. println("-sf <sequencefile>");
Systemout. println("-bf <backgroundfile> used to
alter significance for single notifs");
Systemout. println("-of <outputfile>,
default="output.txt'");
Systemout. println("-m <m> nx=n, default=2");
Systemout. println("-n <n>, defaul t=3");
Systemout.println("-type <not/pvnp,
def aul t =pvni') ;
Systemout. println("-node

<STANDALONE/ CLI ENT/ SERVER>, def aul t =STANDALONE") ;

Systemout.println("-ip <XXX.XXX.XXX.XXX> Server
| P address :");

Systemout.println("-port 7777");

Systemout.println("-cutoff <percent>,
def aul t =20") ;

Systemout.println("-print <111111111> 1 prints, O
does not.");

Systemout.println("-display <111111111> 1 prints,
0 does not.");

Systemout.println("-start <di stance start
position (integer)>");

Systemout. println("-end <di stance end position
(integer)>");

Systemout.println("-prune, turns on pruning");

Systemout.println("-align, use alignment instead
of frequencies for nmotifs (not PYM");
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/**

* Starts the DFS enumeration process.

*/

private static void run(){

/1 PRINT ARRAY SI ZE OF | NPUT
/1 Systemout.println("Size input data: "+

noti fList.size());

+

search. ..

Systemout.printin("Starting " + (MAX_M + " of
/ /| DEFAULT PARAMETERS, USE DEFAULT | F NOT SET
/1 PRINT ARRAY OBJECTS

[/ motif_subset (500);
di splay_motifs();
Systemout. println();
add_wite_output("");

/lused by run()
i f(startPos==0){

stopPos = notifList.size();
}

//Creating pareto list with size equal nr of seq
pareto = new doubl e[ nr_of _seq+1];

for(int i=0;i<=nr_of_seq;i++){
pareto[i]=1;
}

/| START COMPUTATI ON
for(int i=startPos;i<stopPos;i++){

"+ MAX_N

long starttime = SystemcurrentTimeM I lis();

/| START DFS FOR EACH ROOT MOTI F

Real ConpositeMtif cm = new Real ConpositeMtif();

cm expand(i);

i f (rmode[ MACHI NE] ==CLI ENT) {
/ | UPDATE SERVER

try{
String command = "update”;
00s. witeObj ect(conmand);

for(int p=0;p<pareto.length; p++)

00s. witeloj ect (new

Doubl e(pareto[p]));

if(ois.

}

readQoj ect (). equal s("update")){
for(int

p=0; p<par et 0. | engt h; p++) {

pareto[p] =

((Doubl e) oi s. readObj ect()) . doubl eVal ue();

}

}
}cat ch(Exception e){

e. printStackTrace();
}
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long el apsed = (SystemcurrentTimeM I 1is()-
starttime)/1000;

//add_output(i + " Time used: " + (elapsed) + "
Time left (approx): " +(notifList.size()*elapsed)/120 + " mn");//-
starttime/1000));

Systemout.printin(i + " Tine used: " + (el apsed)
+ " Time left (approx): " +(motiflList.size()*elapsed)/120 + "
mn");//-starttinme/1000));
}
}
/**

* Adds debug-strings to list that can be printed
* @aramoutput string that should be added to the debug
out put .
*/
public static void add_output (String output){
debugst r. add( out put) ;
}

/**

* Adds output for printing to file to an Arrayli st

* @aramoutput string that should be added to the program
out put .

* @ee QutputWiter

*/

public static void add_wite_output(String output){

out put str. add(out put);
}

/**
* Returns avg sequence |length cal cul ated fromcurrent sequence
l'ist
* Used by inputreader.
* @eturn average the average | ength on sequence strings.
* @ee | nput Reader
*/
public static int getAvgSeqLen(){
int | ensum = O;

for(int i=1;i<sequencelList.size();i+=2)({
I ensumt=((String)sequencelList.get(i)).length();
}

return | ensum (sequenceli st.size()/2);

}
/**

* Calculates and print a list of counted support added for all
single nmotifs in the Pareto.
* @eturn list of support val ues found.
*/
private static int[] count Support ()
/1 New pareto |ist based on support
int[] alt_support = new int[nr_of_seq+1];

for(int i=0; i<pareto.l|length;i++){
int alt tot = 0;
i f(patterns. contai nskey(new Integer(i))){

[1Get all patterns
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Arraylist tnpList =
(ArraylLi st)patterns. get(new Integer(i));

//for the bitset-length
for(int k=0;k<=nr_of_seq; k++) {

// support counter
int alt_supp = 0;

//count total on each position
for(int j=0;j<tnpList.size();j++){

if(((SingleMdtif)tnpList.get(j)).getBitSet().get(k)){
alt _supp++;

}
/1 Systemout.print(((SingleMtif)tnpList.get(j)).getPattern()+
")
}
alt _tot=alt_tot + alt_supp;
Y1/ for
Mif
alt_support[i] = alt_tot;
Y1/ for
[1Skriv ut den nye lista
for(int i=0;i<alt_support.|ength;i++){
i f(display.get(PD _COUNTS)){
Systemout.println("CS["+i+ "]: " +
Integer.toString(alt_support[i]).replace('.',","));
}
if(print.get(PD_COUNTS)) {
add_wite output("CS["+| +']: "+
Integer.toString(alt support[l]) repl ace(’ ')
}
return alt_support;
}
/**

* Weights the output from count support to highlight
i nteresting val ues.
* @aram sLi st of weighted support val es.
*/
private static void wei ghtedSupport(int[] sList){
doubl e[] wSupport = new doubl e[ sList.|ength];

for(int i=0;i<pareto.length;i++){
wSupport[i]= Math. powmsList[i], 2.0);

i f(display.get(PD VI GHTS)){
System out . prlntln( W5(CSh2) ["+i+"]: " +
Doubl e. toStri ng(wSupport[i]).replace(' "))
}

i f(print.get(PD_VEI GHTS)){
add_wite output( WS(CSMh2)["+i +"]: " +
Doubl e. toStri ng(wSupport[i]). repI ace(' "))
}

}
}

/**

* Binomail significance for the notifs counted support.
* @aram supportlList list of support values used in the
cal cul ati on.



* @eturn the probability to observe the support used.
*/
private static int sign_binomial (int[] supportList){
int | = nr_of_seq;
long faci = faculty(l);

doubl e best Sum = O;
int bestlndex = 0;

for(int x=0;x<=l;x++){
i f(patterns. contai nskey(new I nteger(x))){
/1 Systemout. println(x);
doubl e P = pareto[x];

doubl e sun¥O0;

for(int n=x;n<=l;n++){
[l Systemout.println("kjegrer" +
Mat h. pow( (1-P), (1-x)));
sumt=f aci / (facul ty(I-
n) *facul ty(n))*Math. powm P, n) *Mat h. powm (1-P), (I-n));

i f (sunmp=best Sum && sunxl. 0){
best Sum = sum
best | ndex = x;
[/ Systemout. println(sum+" -
+best | ndex) ;

}
i f(display.get(PD_BINOMAL)){

Systemout.printIn("SB["+x+"]: " +
Doubl e.toString(sunm).replace('.',"',"));
}
if(print.get(PD_BINOMAL)){
add_wite_output("SB["+x+"]: " +
Doubl e.toString(sunm).replace('.',"',"));
}
}
}
return bestl ndex;
}
/**

* Cal culates the facutly of an int

* @arammnul integer to calculate.

* @eturn faculty cal cul ation

*/

private static long faculty(int mul){
| ong answ = 1;
for(int i=mul;i>1;i--){

answs =i
}
return answ,
/*
i f(mul ==0){
return 1;
}el se{
return mul * faculty(mul-1);
}
*/
}
/**

* Finding |ikelyhood of observing support over support-total
after many trails

* @aram supportlList list of support val ues.

*/
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private static void sign_total (int[] supportList)({

//sum sign over supp in all experinments
int[] overSupp = new int[nr_of_seq+1];

for(int p=0;p<pareto.length; p++){
i f(patterns. contai nskey(new I nteger(p))){

Arraylist tnpList =
(ArraylLi st)patterns. get(new I nteger(p));

/I nunmber of trials

for(int i = 1;i<=100000;i ++){
/1 for each sequence
int poeng = O;

for(int b=0; b<Mdf n. MAX_N; b++) {

Singl eMotif sm =
(Singl eMotif)tnpList.get(b);

for(int s=0;s<=nr_of_seq; s++){
// sanpl e support for
gi ven sign (random

double tall =
Mat h. random() ;

I*try{

Systemout.printin(tall + " vs + smgetSign());

Thr ead. sl eep(500);
}cat ch(Exception e){

Systemout. println("Sevn avbrutt");
}
*/
if(tall<smgetSign()){

poeng++; // =sm get Si gn() ;

}
}
}//seq
i f (poeng>=supportList[p]){
/1 System out. println("Wee");
over Supp[ p] ++;
Mif
}/ /1000

}//contains

}//patterns

for(int i=0;i<overSupp.|ength;i++){
/1 System out. println(overSupp[i]);
i f(display.get(PD_EXP)){

Systemout.printIn("ST["+i +"]: " +
Doubl e. toStri ng((doubl e) over Supp[i]/100000).replace('.","',"));
}
if(print.get(PD_EXP))({
add_wite output("ST["+i+"]: " +
Doubl e. t oSt ri ng( (doubl e) over Supp[i]/100000).replace('.",","));
}
}
}
/**

* Applies distance constraints on patterns found after run.
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* @aramstart start position in sequences

* @aram stop end position in sequences

*/

private static void appl yD stanceConstraints(int start, int

stop) {
/I New pareto |ist based on support

[/ for each conposite notif found
for(int i=0;i<pareto.length;i++){

/1if valid, supp >0
i f(patterns.contai nskey(new Integer(i))){

/1Get all patterns in CM
Arraylist tnpList =
(ArraylLi st)patterns. get(new Integer(i));

[/ for each pattern
for(int j=0;j<tnpList.size();]++){
Singlewotif testMtif =
((SingleMtif)tnpList.get(j));
int[] testData =
testMbtif.getH tData();
BitSet testBitSet =
testMbtif.getBitSet();
int renoved = 0O;

//for each hit/pos data
for(int k=1; k<testData.l ength; k+=2){

if(testData[k]<start ||
t est Dat a[ k] >st op) {
testBitSet.clear(k-1);
t est Dat a[ k- 1] =- 1;
t est Dat a[ k] =-1;
renoved++;

}

/1 Systemout.print(((SingleMtif)tnpList.get(j)).getPattern()+
")
}

int[] newData = new
int[testData.l ength-remved*2];
int new ndex = 0;
for(int k=1; k<testData.l ength;k++){
if(testData[k]!=-1){
newDat a[ newl ndex] =
testData[ K] ;
newl ndex++;

testMotif.setH tlnfo(testBitSet, newDat a, newbat a. | engt h/ 2, t est Bi
tSet.cardinality());
Y/ /for
Yif
Y/ /for

}
/**

* Cal ul ates significance based up on nornal distribution.

* Finds nean, variance and probability. ONLY WORKS ON SMALL
DATASETS.

* @aram neas |ist of support to check the probability for.

* @eturn a list of probabilities found.
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*/
private static double[] nornal Distribution(int[] neas){
int listSize = 0;

for(int i=0;i<MAX_N;i++){

listSize+=Math.floor(faculty(notifList.size())/(faculty(notiflLi
st.size()-i)*faculty(i)));

}
l'istSize+t=MAX_N;

//finding normal distribution for the notifs
int[] notsupport = new int[listSize];
int notindex = 0;
for(int i=0;i<motiflList.size();i++){

expl or eSupport (ot support, noti ndex, i, 0);
}

Arrays. sort (notsupport);

[1x p distribution
int countmeas[]= new int[neas.!|ength];
for(int a=0;a<neas. | ength; a++){
for(int i=0;i<nmotsupport.|ength;i++){
i f(notsupport[i]==neas[a]){
count neas[ a] ++;
}

count meas[ a] =count nmeas[ a] / not support .| engt h;

}

/] Mean

doubl e nean = 0. 0;

for(int a=0;a<neas. | ength; a++){
mean+= mneas[ a] *count neas| a] ;

}

/] Vari ance
doubl e variance = 0.0;
for(int a=0;a<neas. | ength; a++){
vari ance+=Mat h. pow( neas| a] - nean, 2) ;
}

[/ Probability
doubl e[] cal c_ans = new doubl e[ neas. | engt h] ;
for(int a=0;a<neas. | ength; a++){
for(int b=meas[a];b<nr_of_seq; b++){
calc_ans[a] +=
1/ (Mat h.sqrt (2*Mat h. Pl') *vari ance) * Mat h. pow Mat h. E, -
(1/2)*Mat h. pow( ((neas[ a] - mean) / vari ance), 2));
}

}

[/ Systemout.println();
/ladd_wite_output();
return cal c_ans;

}
/**

* Used to find the normal distribution of possible support
val ues.

* @aram not support enpty list, placeholder for val ues
cal cul at ed.

* @aram notindex increnmenting counter.

* @aramp notif index to explore.

* @aramt nunber of notifs cal culated t<=MAX_M

*/
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private static void expl oreSupport(int[] notsupport,int
motindex, int p, int t){
p++;
int partsupp = 0;

whi | e(p<noti fList.size() && t<MAX_N){
SingleMdtif sm = (SingleMtif)notifList.get(p);
partsupp += sm get Supp();
t++;
expl oreSupport (not support, notindex, p,t);

}
i f(p==MAX_N){
not support [ notindex] = partsupp;
nmot i ndex++;
}
}
/**

* This method is used to print or display the list of notifs
read in before starting a run.
* @ee | nput Reader
*/
private static void display_notifs(){
/1 doubl e sign = 0.0;
//int counter = O;

for(int c=0;c<notiflList.size();c++){
SingleMdtif nym = (SingleMtif)notiflList.get(c);

if(print.get(PD_MOTIFS)){
add_wite_output(c + " - Supp: " +
mym get Supp() + " - Sign: " + nymgetSign() + " - Pattern: "+
mym get Pattern());

add_wite_output(nmymogetBitSet().toString());
}

i f(display.get(PD_MITIFS)){
Systemout.printin(c + " - Supp: " +
mym get Supp() + " - Sign: " + nymgetSign() + " - Pattern: "+
nym get Pattern());

Systemout.println(mymgetBitSet().toString());
}

/1int[] noreData = nymgetHi tData();
//for(int i=0;i<noreData.length;i++)({

//Systemout.printin(noreDatali]);
11}

}

/**

* Creates a subset of the notiflist with size provided.
* @aram si ze Nunber of elenments in the random subset
*/

private static void notif_subset(int size){

whi l e(notifList.size()> size){
int renpve = (int)Math.randon()*notifList.size();

hj ect garbage = notifList.renmove(renove);

}
/**

* Print or displays settings used during a run
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* @aram args Argunments used to run program

*/

private static void display_settings(String[] args){
String param="";
for(int i=0;i<args.length;i++)({

param = param+ " " + args[i];
}
Systemout. println("Version: " + Mfn.VERSION);
Systemout. println("Parameters: " + param;

[/ Systemout.println("Mtifs: " + mtifFile + " Seqgs:
+ sequenceFil e);

Systemout.println("Start: " + startPos + " - Stop: " +
stopPos + " PL: " + pareto.length +" - N " + (Mfn.MAX_M + "/" +
Mof n. MAX_N) ;

Systemout.printin("Mtif count: " + notiflList.size());

i f (mode[ | NPUT] ==PVM {

Systemout.println("Threshold: " + threshold + "

Percent: " + percent);

}

add_wite_output("Version: " + Mfn.VERSION);

//add_wite output("Mtifs: " + notifFile + " Segs: " +
sequenceFil e);

add_wite_output("Paranmeters: " + paran);

add_wite output("Start: " + startPos + " - Stop: " +
stopPos + " PL: " + pareto.length +" - N " + (Mfn.MAX_M + "/" +
Mof n. MAX_N) ;

add_wite_ output("Mtif count: " + motiflList.size());

i f(node[ | NPUT] ==PVM {
add_wite_output("Threshold: " + threshold + "
Percent: " + percent);

}
}
/**
* This method is used to print or display the Pareto-front Iist
*/
private static void display_pareto(){
for(int x=0;x<pareto.|ength; x++){

doubl e inv_pareto = 1-pareto[Xx];
i f(display.get(PD _PARETO)){

Systemout.println("Pareto[ "+x+"]: " +
(Doubl e.toString(inv_pareto)).replace('.",","));
}
if(print.get(PD _PARETO) ) {
add_wite output("Pareto["+x+"]: " +
(Doubl e.toString(inv_pareto)).replace('.",","));
//Systemout.print(x +" " + pareto[x]);
}
}
/**
* This method is used to print or display the patterns found
*/

private static void display_patterns(){
for(int i=0; i<pareto.length;i++){
i f(patterns.contai nskey(new Integer(i))){
Arrayli st tnpList =
(ArraylList)patterns.get(new Integer(i));
String outStr = "Pattern[" + i+ "]: ";

for(int j=0;j<tnpList.size();]++){

outStr = outStr +
((SingleMotif)tnpList.get(j)).getPattern()+ " ";
}
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i f(display.get(PD_PATTERNS)) {
Systemout. println(outStr);

}

i f(print.get(PD_PATTERNS)){
add_write_output(outStr);

}

}
/**
* Prints or displays the npost common single notif fromthe
conposite el enents.
*/
private static void display_npbst CormonMbtif ()
TreeMap ntm = new TreeMap();

for(int i=0; i<pareto.length;i++)({
i f(patterns. contai nskey(new Integer(i))){
ArraylList tnpList =
(ArraylLi st)patterns. get(new Integer(i));
//String outStr = Pattern[" + i+ "]: ";

for(int j=0;j<tnpList.size();]++){

i f(mcm cont ai nsKey(((Singl ewvbtif)tnpList.get(j)).getName())){
int val =
((I'nteger)ncm get (((SingleMtif)tnpList.get(j)).getNane())).intVal ue(

1

ncm put (((SingleMotif)tnpList.get(j)).getName(), new
I nt eger (val +1));
}el sef

ncm put (((SingleMotif)tnpList.get(j)).getName(), new
Integer(1));
}

Y/ /for
Yif
Y/ /for

String[] ncmstr = new String[ntm size()];
int count = O;

for(int i=0;i<notiflList.size();i++){
SingleMdtif sm= (SingleMtif)nmotifList.get(i);
i f(mcm cont ai nsKey(sm get Nane())){

ncmstr[count] =
((I'nteger)ncm get(smgetNanme())).toString() + "_" +
smgetName();//Systemout. println(smgetName() + " - " +
((I'nteger)ntm get (smgetNanme())).intValue());

count ++;

/1 Systemout.println(smgetNane() + " - " +
((I'nteger)ntm get (smgetNanme())).intValue());
}

}

Arrays.sort(ncmstr);
for(int i=nmcmstr.length-1;i>=0;i--){
StringTokeni zer strt = new

StringTokeni zer(ncmstr[i],"_");
String cc = strt. nextToken();
String mm = strt. next Token();

i f(display.get(PD_SINGLEMOTI FS)) {
Systemout.printin(mm+ ": " + cc);
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}

i f(print.get(PD_SI NGLEMOTI FS)) {
add_wite_output(mm+ ": " + cc);

}

}

/**

* Prints or displays the list of notif hits conbined with
sequences

* @aram sequences |ist of sequences with alternating (nane,
pattern)

* @aram best | ndex best target pattern found.

*/

private static void display_results(Vector sequence, int
best | ndex) {

[1Systemout.println("PS: " + patterns.size());
//Systemout.printin("Bl: "+ bestlndex);
/1 Systemout.println("SS: " + sequence.size());
i f(display.get(PD_FINAL)){
Systemout.printin("Mdule 1:");// + bestlndex +

}
i f(print.get(PD_FINAL)){
add_write_output("Mdule 1:");//"+bestlndex +

}
i f(patterns.size()!=0)({

ArraylLi st bestMtifs = (ArraylList)patterns. get(new

I nt eger (best | ndex));
/*
for(int p=0; p<patterns.size();p++){
i f(patterns. contai nskey(new Integer(p))){
Systemout. println(p);

}
}
Systemout.println("Bl:" + bestlndex);
Systemout. println(bestMtifs.size());
*/

/1if(bestMtifs!=null){
i nt seqCount er =0;
for(int s=0;s<sequence.size();s+=2){
String segNane =
(String)sequence. el enent At (s);
String seqStr =
(String)sequence. el ement At (s+1);
String not NaneStr = "";

int firstHt = seqStr.length()+1;
int lastHt = -1;

for(int meO; mxbest Motifs.size(); m+){
SingleMotif sm =
(Singl eMotif)bestMtifs.get(n);
not NameSt r =not NameStr + ", " +
sm get Nane() ;
int[] hitData = smgetH tData();
for(int h=0; h<hitData.length; h+=2){

/1 Systemout.println(hitData[h]);
i f(hitData[ h] ==seqCount er){
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if(hitData[ h+1] <firstHit){
firstHt =
hi t Dat a[ h+1] ;
if(firstHt+sm get Rows()>l astHit){
lastHi t=firstH t+sm get Rows()-1;

//Systemout.printin("LH " + lastHit);

/1 Systemout.println("SL: " + seqStr.length());
}

}
if(hitData[ h+1] >l astHit){
lastHit =
hi t Dat a[ h+1] ;
Yif
}//for listdata
Y/ /for not
/1 out putstr= out putstr +
((String)sequence. el enent At (s+1)). substring(0, 1);
/1 out putstr= out putstr + sm get Name();
if(firstHt!=seqStr.length()+1 &&
lastHit!=-1){
i f(display.get(PD_FINAL)){
System out. println(segName +
"," + firstHt +", " + lastHt +", "+

seqStr.substring(firstHit,|astHit)+notNameStr);

}
if(print.get(PD_FINAL)){
add_write_output(seqName + ",

"+ firstHit +", " + lastHit +", "+
seqStr.substring(firstHit,|lastHit)+nmot NameStr);

}

}el se{

/1 Systemout. println(segNane + "," +
firstHt +"," + lastHt +","+
seqStr.substring(firstHit,lastH t)+","+not NaneStr);

}
seqCount er ++;
Y/ /for seq
}el se{

i f(display.get(PD_FINAL)){
Systemout.println("Empty...");

}
if(print.get(PD_FINAL)){
add_write_output("Enpty...");

}
YIif null

/**
* Find | ast non-zero elenent in a list, can be used to cut of a
| ong enpty |ist.
* @aramplList list to find the last element in.
* @eturns Last el enents index.
*/
public static int findLastEl ement(double[] pList){
int i;
for(i=pList.length-1;i>=0;i--){
if(pList[i]==0){
}
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}

return i;

}

/**

* Find |last non-zero elenent in a list, can be used to cut of a

| ong enpty list.
* @arampList list to find the last elenment in
* @eturns Last elenents index

*/
public static int findLastEl ement(int[] pList){
int i;
for(i=pList.length-1;i>=0;i--){
i f(pList[i]==0){
}
} _
return i;
}
/**

* Finds scores for PWWs for every position in every sequence.
* @aram sequences a list of alternating sequence nane and
pattern.
* @eturn A double[] with scores found for each sequence
*/
private static ArrayList findMatrixScores(Vector sequences){
ArrayList all Suns = new ArrayList();

for(int meO; mxnoti fList.size(); m+){
SingleMotif sm= (SingleMtif)nmotifList.get(m;
doubl e[][] mat = smgetMatrix();
doubl e[] rowsum = sm get RowSum() ;

for(int i=1;i<sequences.size();i+=2){
[/ Systemout.println(i);

String seqgstr =
(String)sequences. el enent At (i);

doubl e partSunms[] = new
doubl e[ seqgstr.length()];

for(int p=0;p<segstr.length()-
sm get Rows() ; p++) {
doubl e part Sum = 1. 0;

for(int c=0;c<sm get Rows(); c++){

part Sunt=mat [ c] [ get | ndex(seqstr. char At (p+c))]/rowsunic];

}
part Suns[ p] = part Sum
}//single seq

al | Suns. add( part Suns) ;
}//tot seqgs
Y/ /notif
return all Sums;
}//function

/**
* Translate ACGI |letters to indexs 0,1,2,3
* @eturn int index
*/
private static int getlndex(char c){
int index = 0;
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¢ = Character.toUpperCase(c);
Character ch = new Character(c);

i f(ch.equal s(new Character('A"))){

i ndex= 0;
}telse if(ch.equal s(new Character('C))){
i ndex= 1;
}telse if(ch.equal s(new Character('G))){
i ndex= 2;
}telse if(ch.equal s(new Character('T ))){
i ndex= 3;
}
return index;
}
/**

* Finds a threshold value for PW&t based on percent included

* @aram al |l sunms Contain scores as double[] for every position
in every sequence

* @eturn Threshold to include the anpbunt decided on as cutoff-
val ue.

*/

private static double findMatrixThreshol d(ArrayLi st all suns){

int extra = 10;

doubl e topScores[] = new
doubl e[ al | suns. si ze()*extra];

for(int s=0;s<allsuns.size();s++){
doubl e tnpScore[] =
(doubl e[])al | suns. get(s);
doubl e score[] = new
doubl e[ t npScor e. | engt h] ;

for(int t=0;t<tnpScore.length;t++){
score[t]=tnpScore[t];
}

Arrays.sort(score);

int bound = extra;

i f(extra>score.|ength){
bound=score. | engt h;

}

for(int t=0;t<bound;t++){
t opScor es[ s*extra+t] =score[score. | ength-1];
[*for(int i=0;i<score.length;i++){
if(score[i]!=0.0){

Systemout. println(score[i]);
}

pel

Arrays. sort(topScores);

/*for(int i=topScores.length-1;i>=0;i--){
[1if(topScores[i]!=0.0){
Systemout. println(topScores[i]);
11}

pel

int threshol dl ndex =
(int)topScores.|ength*percent/100;
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/1 Systemout.println("Thre: " +

topScor es[topScores. | engt h-threshol dl ndex]);
return topScores[topScores. | ength-threshol dl ndex];
/] Syst em out

}

/**

* Finds PWM support for all the sequences based on threshol d

* @aramall Scores Alist for every hit in every sequence

* @aramthres used during cut-off.

*/

private static void findMvatrixSupport(ArrayLi st all Scores,
doubl e thres){

/1 Systemout.println("nrofseq:" + nr_of_seq);
/1 Systemout.println("seq: " + allScores.size() +
mot: " + notiflList.size());
// doubl e seqScores[] = new
doubl e[ al | Scores. size()];
for(int meO; mxnot i fList.size(); m+){
Singl eMotif sm =
(Singlewtif)notifList.get(m;

Vector hitlnfo = new Vector(); //pos/seq

for(int
s=nt(nr_of _seq);s<(n*(nr_of _seq)+(nr_of _seq));s++){
doubl e seqScore[] =
(doubl e[])all Scores. get(s);

for(int i=0;i<seqScore.length;i++){
i f(seqScore[i]>=thres){

/1 Systemout.println(s-
(m(nr_of _seq))):

hi t I nfo.add(new
I nteger(s-(nf(nr_of _seq))));

hi t I nfo.add(new
Integer(i));

}/ 1 Seq
Y/ lallseq

BitSet bs = new BitSet(nr_of_seq+1);
int hitData[] = newint[hitlnfo.size()];

int htot = hitlnfo.size()/2;
int hseq = 0;

int |astSegNr = -1;

for(int j=0;j<hitlnfo.size();j+=2){

bs.set(((Integer)hitinfo.elementAt(j)).intValue());

hitData[j]=((Integer)hitinfo.elenentAt(j)).intValue();

hitData[j+1] =((Integer)hitinfo.elementAt(j+1)).intValue();

if(((Integer)hitinfo.elenentAt(j)).intValue()!=IlastSeqgNr)(
hseq++;

| ast SeqNr =
((Integer)hitinfo.elenentAt(j)).intValue();
}

}

sm set Hi tlnfo(bs, hitData, hseq, htot);
}/ /ot
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}

/**

* Finds PWM si gnificance based on random sequences or rea
backgr ound

* @aramthres Value useded to cut-off matches to find
si gni fi cance

* @ar am backseqs List of background sequences (optional)
nul I /! null

*/

private static void findMvatrixSign(double thres, Vector
backseqs) {

Vect or seqgs;

i f(backseqs==nul|){

I nput Reader ir = new | nput Reader ();

seqs = ir.creat eRandonSequences(1000, 1000);
}el se{

}

for(int meO; mnoti fList.size(); m+){
Singlewotif sm= (SingleMtif)nmotifList.get(m;
doubl e[][] mat = smgetMatrix();
doubl e[] rowsum = sm get RowSumn() ;
int countHits 0;
doubl e tot Sum = 0.0;

seqs = backsegs;

for(int i=1;i<seqgs.size();i+=2){
//Systemout.printin(i);

String seqstr = (String)seqs.elenmentAt(i);

for(int p=0;p<seqstr.length()-
sm get Rows() ; p++) {
doubl e partSum = 1.0;

for(int c=0; c<sm get Rows(); c++){
part Sunt=nmat [ c] [ get| ndex(seqstr.char At (p+c))]/rowsunic];

}

i f(partSunp=t hres){
count Hi t s++;
br eak;

}
}//single seq

//totSum +=
(doubl e) count Hi t s/ ((doubl e) seqgstr. | ength()-(doubl e)sm get Rows());
//countH ts = O;
}//tot seqgs

/ / doubl e signFound =

(doubl e) count Hi t s/ ((doubl e) (seqs. si ze()/2*1000));
doubl e si gnFound =

(doubl e) count Hi t s/ ((doubl e) (seqgs. size()/2));
sm set Si gn(si gnFound) ;

Y/ notif

sortMotifList();
[/ motifList = sortArrayList();
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/**
* Sorts the arraylist of notifs after new significance val ues
are applied.
*/
private static void sortMdtifList()({
// SORT LI ST AFTER DESCENDI NG S| GNI FI CANCE FOUND

ArraylLi st newotifList = new ArrayList();

for(int i=0;i<notiflList.size();i++){
SingleMotif sortMtif =
(SingleMwtif)notiflList.renmove(0);

i f(newbtifList.size()==0){
/1 System out . println(nSi gn);
newbt i f Li st.add(sortMtif);

}el sef
|/ ACENDI NG
for(int s=0;s<newibtifList.size();s++){

SingleMotif inListMtif =
(Singl eMoti f)newbtifList.get(s);

if(sortMtif.getSign()<=inListMtif.getSign()){
newMbt i fLi st.add(s, sortMtif);
sortMotif=null;
br eak;

}

}

if(sortMotif!=null){
newbt i f Li st. add(sortMtif);
sortMotif=null;

}

/*

/ | DESCENDI NG
int ns = 0;
do{

SingleMotif inListMtif =
(Singl eMotif)newbtifList.get(mns);

if (nme>=newMbtifList.size()-1){
newibt i f Li st. add(sortMtif);
sortMotif=null;
}el se
i f(sortMtif.getSign()>=inListMtif.getSign()){

newMbt i f Li st. add(ns, sortMotif);

}
ns++;
Iwhile (sortMotif!=null);//(ms<=

sort Motif=null;

listOfMotifs.size() &&
*
/

Y1t

nmotifList = newibtifList;
}

/**

* Finds notif significance (ACGI/IUPAC) based on background

* @aram backseq List of sequences with alternating (nane,
pattern)

*/
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private static void findMWotifSign(Vector backseq){

for(int t=0;t<motiflList.size();t++){
SingleMotif sm= (SingleMtif)nmotifList.get(t);
int hits = 0;

/| PATTERN TO CHECK

//String notstr = not.getPattern();
/| TRANSLATE | UPAC | NTO ACID. . .
String motstr = smgetPattern();
nmot str nmot str.t oUpper Case() ;

not str transl at el UPAC(not str);

// FIND ACTUAL PATTERN LENGTH
int notlen = O;
bool ean bet ween
i nt betweenl oop

= fal se;

= 0;

for(int I=0;l<motstr.length();!|++){
i f(between){

if(motstr.substring(l,!+1).equals("]")){
i f(betweenl oop==1) {
bet ween = fal se;
}

bet weenl oop- -;
}el se
i f(notstr.substring(l,l+1).equals("[")){
bet weenl oop++;
}el sef

}

}el se{

if(motstr.substring(l,!+1).equals("[")){
i f (betweenl oop==0) {
not | en++;
bet ween=t r ue;

bet weenl oop++;

}el sef
not | en++;
}
}
}
/1 Systemout.println("Mtlen: " + notlen);

/| FOR EACH BACKGROUND SEQ

for(int i=1;i<backseq.size();i+=2){
String seqstr = (String)backseq.get(i);
seqstr = seqstr.toUpperCase();

for(int p=0;p<segstr.length()-motlen;p++){
//Systemout.println("P: " + p);

bool ean m smatch = fal se;

bool ean i nsi de fal se;
int insideloop 0;

bool ean foundl etter = fal se;
int rp = 0;

[ 1whil e(m<mot | en && !mi smat ch) {
for(int meO; mxnmotstr. length(); m+){

i f(inside){
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if(rmotstr.substring(mml).equals("[")){
i nsi del oop++;

}el se
i f(notstr.substring(mmtl).equals("]")){
i f(insidel oop==1){
i nsi de=f al se
if(!foundletter){
m snat ch=true
br eak;
i nsi del oop--;
r p++;
}el se
i f(notstr.substring(m mtl). equal s(seqstr. substring(p+rp, p+rp+1))){
foundl etter=true
}
}el se
i f(motstr.substring(mml).equals("[")){
i nsi de=true;

foundl etter = fal se
i nsi del oop++;

}el se
i f(notstr.substring(m mtl). equal s(seqstr.substring(p+rp, p+rp+1))){
r p++;
}el se{
r p++;
m smatch = true
br eak;
}
}//for not
if(!msmatch)({
hits++;
br eak;
}
}/ 1 seqgpos
}//for seg
sm set Si gn( (doubl e) hi t s/ (doubl e) backseq. si ze()/2);

Y/ /for not

sortMotifList();
}//function

/**

* Translate | UPAC characters into patterns with []

* @aramtransstr Pattern to translate

* @eturn The translated pattern

*/

private static String translatel UPAC(String transstr)({
transstr.toUpperCase();

transstr = transstr.replaceA |l ("R","[AG");
transstr = transstr.replaceA |l ("Y","[CTU");
transstr = transstr.replaceA |l ("K',"[GTU");
transstr = transstr.replaceA |l ("M ,"[AC]");
transstr = transstr.replaceA | ("S","[GC");
transstr = transstr.replaceA | ("W, "[ATU");
transstr = transstr.replaceA | ("B","[GITCU");

80



transstr = transstr.replaceA | ("D',"[GATU ");
transstr = transstr.replaceAl | ("H',"[ACTU");
transstr = transstr.replaceA |l ("V',"[GCA");
transstr = transstr.replaceA | ("N',"[ ACGTU");
transstr = transstr.replaceA |l ("T","[TU");
return transstr;
}
/**
* Starts the server node for a given nunber of clients
* @aramnrCients The nunmber of Cients that will connect to

the server.
* @hrows Exception If 10 error occurs.
*/
private static void startSerializedServer(int nrCients) throws
Excepti on{
[/ whil e running
ArraylLi st sockets = new ArrayList();

/| CALCULATE SUBWORK
int subWork =
(int)Math.ceil (motifList.size()/nrdients);
Systemout.println("Ready for " + (MAX_ M + " of "+
MAX_N + " search...");
Systemout.printin("Waiting for clients...");

for(int c=0;c<nrCients;c++){
Client mydient;
if(cg(nrdients-1)){
myCient = new
Cient(portNr,c, c*subWrk, c*subWr k- 1+subWr k) ;
}el sef
myd ient = new
Client(portNr,c,c*subWork, motifList.size());
}

Systemout.println(((lnetAddress)nmyClient.getlP()).getHostAddre

ss());
Systemout.println("Can handle client: " + ¢ + "
Port: " + (portNr+c));

sockets. add(nydient);
}

int runningCients = nrCients;

whi | e(runni ngC i ent s>0) {
for(int c=0;c<nrdients;c++){
Client client = (Cient)sockets.get(c);

whi l e(client.isRunning()){
try{
Chj ectl nput Stream oi s =
client.getd S();
Chj ect Qut put St ream oos =
client.getO0S();

String conmand =
(String)ois.readObject();

i f (command. equal s("update")) {
for(int
p=0; p<par et 0. | engt h; p++) {

par et o[ p] =( (Doubl e) oi s. readObj ect ()) . doubl eVal ue();
}
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pareto =
updat ePar et o( par et 0) ;

00s.witeChject("update");
for(int
p=0; p<par et 0. | engt h; p++) {
00s. witeObj ect (new Doubl e(pareto[p]));

br eak;

}el se
i f (command. equal s("finish")){

System out . printl| n(comrand) ;

doubl e[] clientPareto
new doubl e[ pareto. | ength];

for(int
p=0; p<par et o. | engt h; p++) {

cl i ent Paret o[ p] =((Doubl e)oi s. readbj ect ()) . doubl eVal ue();
}

clientPareto =
updat eParet o(cl i ent Pareto);

ArraylLi st snlist = new
ArrayList();

int nrpatterns =
((I'nteger)ois.readOject()).intValue();

int p=0;
whi | e( p<nrpatterns)({
int
psupp=p;
try{
i nt
nrsm= ((Integer)ois.readObject()).intValue();
psupp = ((Integer)ois.readChject()).intValue();
i nt

h=0;
whi | e(h<nrsm{
try{
doubl e hsign= ((Doubl e)oi s.readObj ect()).doubl eVal ue();
int hsupp = ((Integer)ois.readCbject()).intValue();
String hpattern= (String)ois.readCbject();
int hsize =((Integer)ois.readObject()).intValue();

int[] hlist = new int[hsize];

int u=0;

whi | e(u<hsi ze) {

try{
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hlist[u]=
((I'nteger)ois.readject()).intValue();
u++;

}cat ch(Exception e){

}
}

Bit Set hbs = new BitSet();

for(int d=0;d<hlist.|ength;d+=2){

hbs. set (hlist[d]);

}

Si ngl eMoti f addsm = new

Si ngl eMoti f (0, hsupp, hsi gn, hpattern, hlist, hbs);

i f (addsm get Nane() . equal s("MtifX")){

addsm set Nanme( hpattern);

}
snii st . add(addsm ;

h++;
}cat ch(Exception e){
e. print StackTrace();

br eak;

if(clientPareto[p]>=pareto[p]){

patterns. put (new I nteger(psupp), snLi st);

}el sef

snlist.clear();

}catch(Exception e){
e. printStackTrace();

br eak;

(ArrayList)ois.readnject();
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}
/1 ArrayLi st patterns

client.stopCient();
runni ngCl i ents--;
br eak;

p++;



}el se
i f (comand. equal s("range")){

System out. println("range");
00S. Wi tehj ect (new
Integer(client.start));
00S. Wi tehj ect (new
Integer(client.stop));
}el se
i f (command. equal s("nmofn")){

System out. println("range");
00S. Wi tehj ect (new
I nt eger (MAX_M);
00S. Wi tehj ect (new
I nt eger (MAX_N) ) ;
}el se{
br eak;

}
}cat ch(Exception e){
e.printStackTrace();

}
Y/ /while client
}/for clients
}/ /while running

[lprint results

}

/**

* Met hod used by the server when pareto-lists are recieved from
clients

* @aramclientPareto Pareto received fromclients

* @eturn Updated Pareto |ist

*/

private static doubl e[] updatePareto(double[] clientPareto){

for(int i=clientPareto.length-1;i>=0;i--){
if(clientPareto[i]>pareto[i])({
for(int u=i;u>=0;u--){
pareto[u] =clientPareto[i];
}

}

return pareto,;

}

/**

* Starts the client nmode and connects to the server provided
* @aram server| P | P-adress <xxx.XXX.XXX.XXX>

*/

private static void startSerializedCient(String serverlP)

t hrows Excepti on{
/| STARTUP

System out . printl n(l net Addr ess. get ByNane(serverl| P). get Host Addr e

ss());
Systemout. println(portNr);

sock = new
Socket (I net Addr ess. get ByNane(server| P), portNr);
/1sock = new Socket ("VELTEV", portNr);

00s
oi s

new Obj ect Qut put St rean{ sock. get Qut put Strean());
new Cbject! nput Strean{sock. getlnputStream());
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st opPos=0;

tryf
whi | e( st opPos==0) {
00s.witeObject("range");
startPos =
((I'nteger)ois.readject()).intValue();
st opPos =

((I'nteger)ois.readOject()).intValue();

}catch(Exception e){
e.printStackTrace();
}

String conmand = ;

bool ean running = true;

MAX_N=0;

try{

whi | e( MAX_N==0) {
00s.witeQbject("nmfn");
MAX_M =
((I'nteger)ois.readOject()).intValue();

MAX_N =

((I'nteger)ois.readj ect()).ithVaI ue();
}

}catch(Exception e){
e.printStackTrace();

}

/1 RUN()

run();

/1 FI NI SH

/| command="updat e";

command="fi ni sh";

00s. Wit eObj ect (command) ;

for(int p=0;p<pareto.length; p++){
oos. witeObj ect (new Doubl e(pareto[p]));

}

/1display_pareto();

/1 Systemout.println(patterns.size());

00s.witeCbject(new I nteger(patterns.size()));

for(int p=0;p<pareto.length; p++){
i f(patterns. contai nskey(new I nteger(p))){

Arraylist smarr =
(ArraylLi st)patterns. get(new I nteger(p));
/1 Systemout.println(smarr.size());

00s. witeQbject(new Integer(smarr.size()));
00s. witeQbject(new Integer(p));

for(int h=0; h<smarr.size(); h++){
SingleMotif sm=
(Singl emotif)snarr.get(h);

00s. witeOhj ect(new
Doubl e(sm get Sign()));
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oos. witeObject(new
I nt eger (sm get Supp()));
oos.witeCbject(smgetPattern());

int[] hdl = smgetH tData();
00S. Wi tehj ect (new
I nteger(hdl.length));

for(int u=0;u<hdl.length;u++){
00s. witeQject (new
Integer(hdl[u]));

Eloos.writerj ect(smogetBitSet());
}
}
sock. cl ose();
Systemout.printin("Cient done...");

}

Conposi teMtif.java

i mport java.util.Arraylist;
import java.util.BitSet;

i mport java.util.HashMap;

/**

* This class holds the list of Single Motifs, all notif variants
* @ut hor Vetle Val ebjorg

* @ersion 1.0

* @ee SingleMtif, Real ConpositeMtif, FictiveConpositeMdtif,
Moti f Vari ant

*/

public class ConpositeMtif inplenments C oneabl ef

prot ect ed HashMap not Var Hol der ;
protected ArraylLi st singleMtifHol der;

private String cName = "";

/**

* Default constructor

*/

public ConpositeMtif(){
not Var Hol der = new HashMap();
si ngl eMoti f Hol der = new ArrayList();

}

/**

* Constructor used during cloning

* @aramcm Original conposite notif to copy.

*/

publ i c ConpositeMtif(ConpositeMdtif cn){
nmot Var Hol der = (HashMap) cm not Var Hol der . cl one() ;
si ngl eMoti f Hol der =

raylLi st)cm si ngl eMoti er.clone();
Ar Li i ngl embti f Hol d |

/**

* Sets a new nanme

* @aram str The new nane.

*/

public void setName(String str){
cName = str;

}
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/**

* Returns the Conposite Mdtifs nane
* @eturn Nanme
*/
public String getName(){
return cNane;
}

/**

* Makes keys used to identify notif variants Nr-Nr
* @aramnt Part of value to nmake a key for the notif variant m

of n

* @aramnt Part of value to nmake a key for the notif variant m
of n

*/

protected String makeKey(int mt, int nt){

return Integer.toString(nt) +"-"+ Integer.toString(nt);

}

/**

* Handl es cal cul ations of notif variants

* @aramnt Current n cal cul ated

* @aramsm Single notif added during expansion

* @aram expType Type of expansion (expand/prune) - used for
debug

* @eturn Hi gest mvalue cal culated (used by pruning).

*/

protected int calc(int nt, SingleMtif sm String expType){

int low = nt-Mfn. MAX_M
if(low <0){

| ow =0;
}

int highl = Mfn. MAX_M
i f (highl>nt){

hi ghl =nt ;
}
[ll1terating thorugh each colum for current N
int t=0;

for(t=low ;t<=highl;t++){
/I Mof n. add_out put ("Action: " + expType);

/Il Creating MW/ for gray area above N N conbi nations
if(t==nt && nt!=0){
Moti f Vari ant out Of BoundsMW = new
MotifVariant();
out O BoundsMW. makeDunmmy() ;

not Var Hol der . put ( makeKey(nt +1, nt), out Of BoundsW) ;

I Mbf n. add_out put ("Expand: id:" +
out O BoundsMW. getld() + ": " + (nt + 1) +" - " + nt);

[/ Mof n. add_out put ("Sign: " +
out O Bounds. get Si gn() ) ;

/I Mof n. add_out put (" Supp: " +
out Of BoundsMV/. get Bit Set ().toString());

if(t==0 && nt>0){
/| STARTUP
MotifVariant firstMW = new MotifVariant();
firstW. makeFirst();
not Var Hol der . put ( nakeKey(t, nt), first W);
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11

Mof n. add_out put (" Expand: id: " +

firstM.getld() +": " +t +" - " +nt);

[/ Mof n. add_out put ("Si gn: " +

firstW.getSign());

/I Mof n. add_out put (" Supp: " +

firstW.getBitSet().toString());

}el sef
/ | EXPAND

Moti fVariant newW = new MtifVariant();

Moti fVariant prevw

=(Mbti f Vari ant ) not Var Hol der . get (makeKey(t-1,nt-1));

Moti f Variant dummyW

=(Mbti fVari ant) not Var Hol der . get (makeKey(t,nt-1));

11

Mof n. add_out put (" Expand: id: " +

neww. get 1 d() +":"+prevW. getld()+":"+dummyMW. getld() + ": " +t

+ nt);

neww = newW. cal c_m( prevW, dumyMW/, sm ;

//Systemout.printIn("RES: " +

newiw. getBitSet().toString());

not Var Hol der . put ( nakeKey(t, nt), neww) ;

}/ /el se
Y/ /for
return t-1;
}//calc

/**
* This method returns the list of notifs held in object
* @eturn List of notifs participating in the nodul e.
*/
public ArrayList getSingel Mtifs(){

return singl eMtifHol der;
}

/**
* Met hod added to override object clone
* @eturn A copy of the nodul e.
* @ee hject
*/
public Onbject clone()(
try {
return super.clone();
}catch (d oneNot SupportedException e) { // Dire trouble!!!
throw new I nternal Error("But we are Cloneable!!!l");
}

}
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Real Conposi teMtif.java
import java.util.ArraylList;
i mport java.util.BitSet;

/**

* This class represents real conposite notifs during a run

* @ut hor Vetle Val ebjorg

* @ersion 1.0

* @ee ConpositeMdtif, FictiveConpositeMtif, MtifVariant,
Si ngl eMot i f

*/
public class Real ConpositeMtif extends ConpositeMtif inplenents
Cl oneabl e{

/**

* Default constructor used by subclass Mtifs

* Gee Mtif

*/

publ i ¢ Real ConpositeMtif(){
super () ;
MotifVariant firstMW = new MtifVariant();
first W. nakeFirst();
not Var Hol der . put ( nakeKey(0, 0), firstw);
Moti fVariant dummyMW = new MotifVariant();
dunmmy W. makeDummy() ;
not Var Hol der . put ( nakeKey( 1, 0), dunmyWw) ;

}

/**

* Constructor used during cloning of conposite el enents

*/

publ i ¢ Real ConpositeMtif(ConpositeMtif cn){
super(cm;

/**

* Met hod used to explore the DFS from Mofn

* @aramn Current position in motif list as int.
* @ee Mfn

*/

public void expand(int n){

SingleMotif latestMtif =
(Si ngl eMoti f)Mfn.notiflList.get(n);
si ngl eMoti f Hol der. add( | at est Moti f);

int nt = singleMtifHolder.size();
int t = calc(nt,latestMtif,"expanding");

i f (Mof n. PRUNE) {
whi | e(n<Mof n. notifList.size()-1 & nt<Mfn. MAX_N){

n++;
/1 PRUNE, CHECK TO SEE | F SEARCH CAN BE
STOPPED
Fi ctiveConpositeMtif fcm= new
Fi cti veConpositeMtif((ConpositeMtif)this.clone());
fcm set Name( " prune");
Moti f Variant chkMW =
(Mot i f Vari ant) not Var Hol der . get (nakeKey(t, nt));

if(fcmprune(n,|atestMtif.getSign(), Mfn. MAX_N
nt ) <Mof n. par et o[ chkMV. get Support ()]){
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Real ConpositeMtif rcm = new
Real Conposi teMtif ((ConpositeMtif)this.clone());
rcm set Nane( " expand") ;
rcm expand(n);
tel se{
/1 System out. println("pruned");
conti nue;

}el se{
whi | e(n<Mof n. notifList.size()-1 & nt<Mfn. MAX_N){

n++;
Real ConpositeMtif rcm = new
Real Conposi teMtif ((ConpositeMtif)this.clone());
rcm set Name(" expand") ;
rcm expand(n);

}

/ / CHECK RESULT, UPDATE AND FI NI SH
i f(singleMtifHolder.size()==Mfn. MAX_N){
MotifVariant chkW =
(Mot i f Vari ant) not Var Hol der . get ( nakeKey( Mof n. MAX_M Mof n. MAX_N) ) ;

/1 Mof n. add_out put (I nt eger.toString(chkM. get Support()));

/1 Mof n. add_out put (Doubl e. t oStri ng(chkM. get Sign()));

i f (Mof n. par et o[ chkW. get Support ()] >chkM. get Si gn()) {
Mof n. par et o[ chkMV. get Support ()] =chkM. get Si gn();

Mof n. pat t er ns. put ( new
I nt eger (chkM. get Support()), this.singleMtifHol der.clone());

for(int i=chkM.getSupport();i>=0;i--){
i f (chkMW. get Si gn()<Mbfn.pareto[i]){
Mof n. pareto[i] =
chkM. get Si gn() ;

Mif
Y/ for
Mif
Yif
}//function

/**

* Met hod added to override object clone
* @eturn Copy of this nodule

* @ee hject

*/

public Object clone()(

try {
return super.clone();

}catch (Exception e) { // Dire trouble!!!
throw new I nternal Error("But we are Cloneable!!!");
}

}
}
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Fi cti veConpositeMtif.java
import java.util.ArraylList;
i mport java.util.BitSet;

/**
* This class is used for pruning, which narrow the DFS enumeration
* @ut hor Vetle Val ebjorg
* @ersion 1.0
* @ee ConpositeMfif, Real ConpositeMtif, SingleMdtif
*/
public class FictiveConpositeMtif extends ConpositeMtif inplenents
Cl oneabl e{

/**

* Default constructor used by subclass Mtifs

* @ee Motif

*/

public FictiveConpositeMtif(){

}

/**

* Constructor used during cloning of conposite el ements

*/

public FictiveConpositehMtif(ConpositeMtif cn{
super(cm;

}

/**

* Met hod used to prune and narrow t he enuneration during DFS
* @aramn Position in nmotiflist

* @aramlsmsign Last single notif significance.

* @aramleft Distance left before MAX_N

* @eturn Best possible significance found during prune.

*/

public doubl e prune(int n,double Ismsign, int left){

doubl e bestres = | smsign;

Singl eMotif fsm = new SingleMtif(Mfn.nr_of_seq,
Mof n. nr_of _seq, | sm sign);
si ngl eMot i f Hol der. add(fsn);

int nt = singleMtifHolder.size();
int t = calc(nt,fsm"pruning");

whi | e(n<Mdfn. notifList.size()-1 && nt<Mfn. MAX_N &&
| ef t >0) {

n++;
left--;
/1 PRUNE, CHECK TO SEE | F SEARCH CAN BE STOPPED
Fi ctiveConpositeMtif fcm = new

Fi ctiveConpositeMtif((ConpositeMtif)this.clone());
bestres = fcmprune(n,lsmsign,left);
[1if(nt==Mfn. Max_N){

/1 bestres = fcm get Si gnget Si gn();
H?f(si ngl eMot i f Hol der . si ze() <Mof n. MAX_N) {
/1 bestres = this.prune(n,lsmsign);
[T} f

Y Iwhile

/I HashMap hm = fcm get Mot Var Hol der () ;
i f(nt==Mdfn. MAX_N) {
Moti f Vari ant chkMW =
(Mot i f Vari ant) not Var Hol der . get ( makeKey( Mof n. MAX_M Mof n. MAX_N) ) ;
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bestres = chkMW. get Sign();
}

return bestres;
}/ I prune

/**

* Met hod added to override object clone, which then enables
cl oning of CMs

* @eturn A copy of this nodul e

* @ee bject

*/

public Object clone(){
try {

return super.clone();
}catch (Exception e) { // Dire trouble!!!
throw new I nternal Error("But we are Cloneable!!!");
}

}
}

Client.java
i mport java.io.*;
i mport java.net.*;

/**
* Classed used buy the server to handl e connections to clients

* @ut hor Vetle Val ebj grg
* @ersion 1.0

* @ee Mfn
*/
class Cient{

private Socket sock;
private ObjectQutput Stream outs;
private bjectlnputStreamins;
private Server Socket server;
private bool ean running;

public int start;

public int stop;

/**

* Default constructor
*/

public Cient(){

}

/**

* Starts a client connection with portnr, startpos and
stoppos in notiflist

* @aramportNr startnr.

* @aramc O fset for client to portnr.

* @aramstart start position in notif group to handle.

* @aram stop End position in nmotif group to handl e.

*/

public Cient(int portNr, int c, int start, int stop){

try{
server = new Server Socket (portNr

+c, 0, | net Addr ess. get Local Host () ) ;

sock = server.accept();

outs = new

Chj ect Qut put St r eam( sock. get Qut put Strean() ) ;
ins = new

Ohj ect | nput St rean{sock. get I nput Strean());
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this.start = start;
this.stop = stop;

running = true;

}catch(l OException e){
Systemout. println(e.get Message());
}

}
/**
* Returns the objectoutputstreamfor the client handler
* @eturn Link to stream used.
*/
publ i c Obj ect Qut put St ream get OOS() {
return outs;
}

/**
* Returns the objectinputstreamfor the client handler
* @eturn Link to stream used.
*/
publ i c Objectlnput Stream get O S() {
return ins;
}

/**
* Returns the connected clients status
* @eturn Returns true if client is active
*/
public bool ean i sRunni ng(){
return running;
}

/**
* Stops a client if needed
* @hrows | OException
*/
public void stopdient() throws Exception{
running = fal se;
try{
sock. cl ose();
}cat ch(Exception e){
e. print StackTrace();
}

}
/**

* Returns the connections | P address
* @eturn | P address used by the socket.
*/
public | net Address getlP(){
return sock. getl net Address();
}
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Moti fVari ant.java
import java.util.BitSet;

/**

* Class used to represent the notif variants cal cul ated during
runtine

* @uthor Vetle Valebjarg

* @ersion 1.0

* @ee CompositeMtif, Real ConpositeMtif, FictiveConpositeMdtif,
Si ngl eMot i f

*/

public class MtifVariant{

private doubl e significance;
private int support;

private BitSet bitset;

private bool ean dummy = fal se;
private static int idcounter=0;
private int id;

/**

* Default Constructor

*/
public MtifVariant()({

bitset = new BitSet();

id = idcounter+1;

i dcount er ++;
}
/**
* Makes the notif variant a dunmy variant which is used for
* cal cul ataions outside the top notif variant border
*/
public void makeDummmy(){

significance = 0.0;

bi tset = new BitSet (Mfn.nr_of_seq+l);

dummy = true;

bi t set. set (0, Mof n. nr_of _seq+1);

support = bitset.cardinality();
}
/**
* Makes the motif variant a first variant which is used for
* calcualtions in the beginning of every notif variant colum
*/
public void makeFirst(){

significance = 1.0;
bitset = new BitSet (Mfn.nr_of_seq+l);

/lset all true

bi t set. set (0, Mof n. nr_of _seq+1);

support = bitset.cardinality();

}

/**

* Returns the unique ID for this notif variant
* @eturn ID of the notif variant

*/
public int getld(){
return id;
}
/**

* Returns true if notif variants is a dummy vari ant
* @eturn True if isDumy true, otherw se fal se.

*/

publ i c bool ean i sDunmmy() {
return dumy;

}
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/**

* Method used to calculate a new notif variant based on
predecessors and new single notif

* @aram nvl Predecessor Mtif variant diagonal

* @aram nmv2 Predecessor Mtif variant horizontal

* @aramsml New single notif

* @eturn The new notifvari ant

* @ee SingleMotif

*/

public MdtifVariant calc_m(MtifVariant mvl, MdtifVariant

Singl eMotif sni){

/lsign_c = P(a& | d) = P( I( !(a&) & !d) )

/lsign_c =1 - (1 - sign_a * sign_b) * (1 - sign_d)

significance = 1-(1 - nv1.getSign()*smnl.getSign())*(1-
mv2. getSign());

/*

Mof n. add_out put ("M1: " + nvl.getSign() + " id: " +
mvl.getld());

Mof n. add_out put ("SML: " + smil.getSign());

Mof n. add_out put ("MV2: " + mv2.getSign() + " id: " +
mv2.getld());

Mof n. add_out put ("M1b: " + nvl.getBitSet().toString());
Mof n. add_out put ("SMLb: " + snil.getBitSet().toString());
Mof n. add_out put ("M2b: " + nmv2.getBitSet().toString());
*/
/1if(Double.islnfinite(log(significance))){
11 significance =
Mat h. mi n(1 og(nv1. get Sign())+snl. getSign(), mv2.getSign());
11}

/Ibitstr_c = (bitstr_a AND bitstr_b) OR bitstr_d
bitset.clear();

bitset = (BitSet)nvl.getBitSet().clone();
bitset.and(snml. getBitSet());

if(!m2.isbumy()){
bitset.or(m2.getBitSet());
}

support = bitset.cardinality();

/1 Mof n. add_out put ("RES: " + bitset.toString() +" SIG\:"
getSign() + " SUPP:" + getSupport() + " id: " + this.getld());
/1 Mof n. add_out put ("");

return this;

}
/**

* Returns significance calculated notif variant
* @eturn Significance
*/
publ i c doubl e getSign(){
return significance;
}

/**

* Returns support calculated in notif variant
* @eturn The support
*/
public int getSupport(){
return support;
}

/**

* Returns bitset calculated in notif variant
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* @eturn Bitset

*/

public BitSet getBitSet(){
return bitset;

}

/*
publi ¢ doubl e | og(doubl e i nnum {
return Math.log(innum/Math.|log(2);
}

*/
}

| nput Reader . j ava

i mport java.util.Arraylist;
import java.util.StringTokenizer;
i mport java.util.Vector;

import java.util.BitSet;

i mport java.io.*;

i mport java. math. *;
i mport java.util.HashMap;

/**

* This class handles the input fromfiles and test-data.
* @ut hor Vetle Val ebjorg

* @ersion 2.0

*/

public class | nputReader{

private String inFile = "data//input.txt";
private int highestSeq = 0;
HashMap freq = new HashMap();

/**

* Default constructor

*/

publ i c | nput Reader () {
set Def aul t Si gn();

}

/**

* Constructor that takes a filenane (String) as paraneter)
* @aramstr Filenane as string
*/
public I nputReader (String nFile){
inFile = nFile;
set Defaul t Si gn();
}

private void setDefaul tSign(){
freq. put("A", new Doubl e(0.25));
freq.put("C', new Doubl e(0.25));
freq. put("G', new Doubl e(0.25));
freq.put("T", new Doubl e(0.25));
freq. put("a", new Doubl e(0.25));
freq.put("c", new Doubl e(0.25));
freq. put("g", new Doubl e(0.25));
freq.put("t", new Doubl e(0.25));
freq.put(".", new Doubl e(1.00));

/*

public void makeTest Motifs(int number)
Vector notpatterns = creat eRandonSequences( nunber, 7);
for(int i=0;i<nunber;i++){
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SingleMotif testMtif = new

test Motif.setName(Integer.toString(i));
nmot i fList.add();

}

*/

/**

* Creates a set of random sequence patterns

* @aram nrseq Nunber of random sequences

* @aram | engt hseq Length of random sequences

* @eturn Sequence |ist (nane, patterns)

*/

public static Vector createRandonSequences(int nrseq,

| engt hseq) {

int[] acgt = {65,67,71, 84};
Vector seqs = new Vector();

for(int i=0;i<nrseq;i++){
String seq = "",;
seqs. add(new I nteger(i));
for(int I=0;I<lengthseq;!| ++){

seq=seq +

(char)acgt[ ((int)(Math.random()*4))];
}

seqs. add(seq);
}
return segs;

}

/**

* Cal cul ates the frequencies for AC,Gand T in the

* sequences provied (nane, sequence).

* @aram seq List of sequences (nane, pattern)

*/

public void set Si gnBasedOnBackgr ound( Vect or seqs) {
double totA = 0.0;
double totC ;
double totG
double totT

1

I n
coo
coo

for(int i=1;i<seqgs.size();i+=2){
String backstr = (String)seqs.get(i);
backstr = backstr.toUpperCase();

int sumA = 0;
int sunC = 0;
int sunG = 0;
int sunil = 0;

1

for(int c=0;c<backstr.length();c++){

i f(backstr.substring(c,c+1).equal s("A")){

SUNMA++;
}el se

i f(backstr.substring(c, c+l).equal s("C")){

suntC++;
}el se

i f(backstr.substring(c, c+l).equal s("G')){

suniG++;
}el se{

sunil++;
}
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}
totA

totC
totG
totT

freq.
freq.
freq.
freq.
freq.
freq.
freq.
freq.
freq.

put (" A",
put (" C',
put ("G,
put (" T",
put ("a",
put ("c",
put("g",
put ("t",
put(".",

}
/**

* Returns nunber of

(doubl e) sumA backstr.length();
(doubl e) suntC/ backstr. | ength();
(doubl e) sund backstr. |l ength();
(doubl e) sunil/ backstr. | ength();

new
new
new
new
new
new
new
new
new

Doubl e(tot A));
Doubl e(totC));
Doubl e(totQ);
Doubl e(totT));
Doubl e(tot A));
Doubl e(totC));
Doubl e(totQ);
Doubl e(totT));
Doubl e(1.00));

sequences found in input-files

* @eturn Nr of sequences found

*/

public int getNrSeq()({

Arraylist trash =

/] System out .

readMoti f s(10);

println("Seqnr: + (hi ghest Seq+1));

return hi ghest Seq;

}
/**

* This nethod reads

* @eturn Returns a list of single nmotifs objects read from

file.

the data fromthe fil ename provied

* @xception | CException

* @ee | OException

*/
public ArrayList readMotifs(int nrofseq){
ArrayList listOfFMdtifs = new ArrayList();
try{
Fi | eReader nyFI'S = new Fil eReader (inFile);
Buf f er edReader br = new BufferedReader (nyFI S);
String str;

while((str = br.readLine())!=null){

I(str.startsWth("#"))){

[/ Systemout.println(str);

String mNanme = "";

doubl e nSi gn=0. 0;

i nt nrot Hi t =0;

i nt mAnt Seq=0;

int[] nBeqgHitList = newint[0];
BitSet nBitset = new BitSet(nrofseq);

StringTokeni zer stt;

StringTokeni zer sts;

if(str.length()!=0 &&
stt =

new StringTokeni zer(str,"

int calc =
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/1 System out . printl n("Nornal
sign"); ==4

for(int i=0; i<=calc-(5-
calc);i++){

if(i == 0){
nfotHit =
I nt eger. parsel nt (stt. next Token());
/1 Systemout.println("Tot treff: " + stt.nextToken());
telse if(i == 1){
mAnt Seq =

I nt eger. parsel nt(stt. next Token());

/1 Systemout.println("Ant sekv: " + stt.nextToken());

telse if(i == 2){ //NOT
RUN | F MANUAL stt.count==
nsSi gn =
Doubl e. par seDoubl e(stt. next Token());
/1 Systemout.println("Sign: " + nSign);
Yif

Y/ /for

String newStr = stt.nextToken();
sts = new StringTokeni zer (newstr, "

II);

mName = sts. next Token();

/1 Systemout.println("Mnster: " +
mNane) ;

/1 MANUAL CALC OF SIGN (IF NOT IN
I NPUT)

i f(cal c==3){
/] System out . printl n(mane) ;
nSi gn = cal c_si gn(mNane) ;
/] System out. println(nSign);
}

mSeqHi t Li st = new
i nt[sts.count Tokens()];

int teller = 0;

/1 Systemout.println("Lengde: " +
nSeqHi t Li st. | ength);

whi | e(sts. hasMoreTokens()) {
int listSeq =
I nt eger. parsel nt (sts. next Token());
int listPos =
I nt eger. parsel nt (sts. next Token());

i f(listSeqg>hi ghest Seq){
hi ghest Seq = |i st Seq;
/*
Systemout. println(listSeq);
try{

Thr ead. sl eep(1000);
}cat ch(Exception e){

Systemout. println("Sevn avbrutt");

}

nmBit set.set(listSeq,true);

pel
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nmSeqHitList[teller] = listSeq;
nSeqHitList[teller+l] =
|'i st Pos;
tell er+=2;
[/ Systemout.println(listint);
}

//Systemout.println("Len: "+
nSeqHi t Li st. | ength);

/1 SETT I NN F@RSTE | LI STA
if(listOMtifs.size() ==0)({
/] System out . println(nSign);
Singl eMotif newbtif = new
Singl eMoti f(nTotH t, mAnt Seq, nfign, nmNanme, nBeqHitList,nBitset);

newibti f.set Nane(nmName);//"Mtif");//-"+listOf Mtifs.size());
listOfMotifs.add(newivbtif);
}el sef
// ELLER SORTER ETTER SYNKENDE
SI GNI FI CANS

Singl eMotif newbtif = new
Singl eMoti f(nTot Hi t, mAnt Seq, nfign, mNanme, nBeqHitList,nBitset);

newibti f.set Nane(nmNare);//"Mtif");//-"+listOf Mtifs.size());
//lint ms8 = O;

/1 ASC
for(int
i =0;i<listOFMtifs.size();i++){
Singl eMotif inListMtif
= (Singlewdtif)listOfMotifs.get(i);

i f(newWbtif.getSign()<=inListMtif.getSign()){
listOf Motifs.add(i, newbtif);

newibt i f =nul | ;
br eak;

}
}
i f(newbtif!=null)({

listOfMotifs.add(newivbtif);

newibt i f =nul | ;
Y;//(me<= listOf Motifs.size()
&&
/*
/ 1 DESC
do{

Singl eMotif inListMtif
= (Singlewdtif)listOfMotifs.get(mns);

if
(ms>=listOFMotifs.size()-1){
listOfMotifs.add(newibtif);
newibt i f =nul | ;
}el se
i f(newibtif.getSign()>=inListMtif.getSign()){
listOfMotifs.add(ns, newibtif);
newibti f =nul | ;
}
ns++;
Iwhile

(newMotifl=null);//(me<= listOFMotifs.size() &&
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*/
Yif

\Y2AR;
}/ 1 while

myFl S. cl ose();

}catch(Exception e){
/1 ERROR READI NG | NPUT
Systemout. println(e);

}

return listOMtifs;
}//function

/**

* Returns the filenanme used.

* @eturn fil nane

*/

public String getFile(){
return inFile;

}

/**

* This method takes the 2-1ogarithm of a double
* @aram num as doubl e
* @eturn Answer as 2-1og of num
*/
private doubl e | og2(doubl e num {
return Math.log(num;
}

/**

* This method cal cul ates the significance for a pattern

* based on the frequency of letters and sequence | ength.
renoved since previous project.)

* @arampattern String representati on of pattern

* @eturn The significance found.

*/

private double calc_sign(String pattern){

int datal en = 1000;
i f (Mof n. sequenceli st. si ze()>0){

dat al en = Mofn. get AvgSegLen();
}

doubl e sig
doubl e | ogsi gn
doubl e anbsi gn
int length = 0;
bool ean inanb = fal se;

1.0;

n =
0.0;
1.0;

for(int i=0;i<pattern.length()-1;i++){
String keystr = pattern.substring(i,i+1);
/1 Systemout. println(keystr);

/1 Systemout.println(((Double)freq.get(keystr)).doubl eVal ue());

[TA .G AAAA
if(!inanb){
i f(freq. contai nskey(keystr)){
| ogsi gn +=

| 0g2(((Doubl e) freq. get (keystr)). doubl eVal ue());
sign = sign *
((Doubl e) freq. get (keystr)). doubl eVal ue();
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length += 1;

}else if(keystr.equals("[")){
ambsign = 0.0;
inanb = true;
conti nue;

}
}else if(freq.contai nsKey(keystr)){
anmbsi gn +=
((Doubl e) freq. get (keystr)). doubl eVal ue();

telse if(keystr.equals("]")){
sign *= anbsi gn;
I ogsi gn += | og2(anbsign);
length += 1;
inamb = fal se;

}el sef
System out . println("unknown synbol in pattern");
}

}

i f (1 engt h>=dat al en) {
/lreturn | ogsign;
return sign;
/l}else if(logsign < -40){
/1 Systemout.println("signl");
/lreturn (logsign + |log2(datalen - length));
/1 return (sign + datalen - length);

}

el se{
//Systemout. println("Sign2");
/lreturn (log2(1.0 - Math.pow(1l.0 - sign, datalen -

l'ength)));
return 1.0 - Math.pow(1.0 - sign, datalen - length);

Yif
Y/ for
/**

* Reads next nunber used with output files

* @aramnrFile Filenanme containing the next output nr

* @eturn The next nunber that shoul d be used.

*/

public String readNextQutputFileN (String nrFile)({
String retStr = "";

try{
Fi | eReader nyFR = new Fi | eReader (nrFile);
Buf f er edReader br = new BufferedReader (nyFR);
retStr = br.readLine();
nyFR. cl ose();
}catch(Exception e){
/1 ERROR READI NG | NPUT

Systemout. println(e);

}

return retStr.trin();
}

/**

* Reads all PWM natrices found in file provided
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* @aramfil enane Fil ename

* @eturn Motiflist with PMM notifs

*/

public ArrayList readMatrix(String filenane){
ArrayList listOfMdtifs = new ArrayList();

try{

Fi | eReader nyFR = new Fi | eReader (fil enane);
Buf f er edReader br = new BufferedReader (nyFR);

String mName = "";
int cols = 0;
int rows = 0;
int count Rows
Vector matrix

0;
new Vector();

bool ean noretoread = true;

String str;
whi | e( nor et or ead) {
str = br.readLine();

i f(str==null){
str =">avslutt";
noretoread = fal se;

}
if(!str.startsWth("#")){

if(str.startsWth(">") &&

count Rows==0) {
mNanme = str.substring(l);
}else if(!str.startsWth(">")){

//Systemout.println("str: " +
str);

StringTokeni zer stt = stt =

new StringTokeni zer(str,"” ");
/1 Systemout.println(str);
count Rows++;

cols = stt. count Tokens();
whi | e(stt. hasMoreTokens()) {

/1 Systemout.println("-"
+ stt Sub. next Token()+"-");

matri x. add( new
Doubl e(stt. next Token())):

if(str.startsWth(">") &&

count Rows! =0) {
rows = count Rows;

doubl e[][] mList = new
doubl e[ rows] [ col s];

doubl e[] rowsum = new
doubl e[ rows] ;

I/ Systemout.println(">" +
mNane) ;

for(int r=0;r<rows;r++){

for(int c=0;c<cols;c++){
doubl e val ue =

((Doubl e) matri x. el ement At (r*4+c) ). doubl eVal ue();
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/] Systemout.print(value + " ");
mlist[r][c] =

val ue;
rowsuni r] +=val ue;

/1 Systemout.printin(rowsunir]);
}

Singl eMotif sm = new
Si ngl eMoti f (0, 0, 0.0, mNane, new i nt[ Mof n. nr _of _seq+1], new BitSet());

sm set Matri x(nLi st, rows, col s, rowsun);
sm set Nane( mNane) ;
listOfMtifs.add(sm;
rows = 0;
cols = 0;
count Rows=0;
matri x = new Vector();
mNane = str.substring(1);

Yif
Y#
Y /while
nyFR. cl ose();

}catch(Exception e){
e.printStackTrace();

Yitry

return listOMtifs
}//func
/**

* Reads all sequences found in file provided

* @aramfil ename Sequence fil enane

* @eturn Sequences with alternating (name, pattern)
*/

public Vector readSequences(String fil enane){

Vect or sequences = new Vector();

try{

Fi | eReader nyFR = new Fi | eReader (fil enane);
Buf f er edReader br = new BufferedReader (nyFR);
String str;

while((str = br.readLine())!=null){

String mNanme = "";
String sequence = "";

StringTokeni zer stt;
if(str.length()!=0 &&
I(str.startsWth("#"))){

stt = new StringTokenizer(str," ");

if(str.startsWth(">")){
mNanme=st t . next Token();

mNane = nmNane. substring(l);

sequences. add( mNane) ;
}el sef
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sequences. add(stt. next Token());

}/ /el se
Yif
Y /while
nyFR. cl ose();

}catch(Exception e){
e.printStackTrace();

Y itry

hi ghest Seq = sequences. size()/2

return sequences;
}/ 1 func

}//class
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Qut put Witer.java

import java.util.ArraylList;

i mport java.util.StringTokenizer;
i mport java.util.Vector;

i mport java.util.BitSet;

i mport java.io.*;

i mport java. math. *;
i mport java.util.HashMap;

/**

* This class handles the output to files.

* The cal cul ations are done in Mdfn and passed to functions here.
* @ut hor Vetle Val ebjorg

* @ersion 1.0

* @ee Mdfn, |nputReader

*/

public class QutputWiter{

private static String nextCounterFile = "nr.txt"; //contains
next output nr
private static String outputFile = "output"; //output filenane

private static String outputDir ="output//"; //output directory

/**

* Default constructor

*/

public QutputWiter()({

}

/**

* Constructor with output file as paranmeter

* @aram newout Fil enane

*/

public QutputWiter(String newout){
out put Fil e = newout;

}

/**
* Reads, increnments and wites new output file nunber.
*/
private void renewQut put Nr () {
//read nunber
I nput Reader ir = new | nput Reader();
String nrStr = ir.readNext Qut put Fi | eNr(next CounterFile);

outputFile = outputFile + nrStr + ".txt";

//wite new nurber
int newnr = Integer.parselnt(nrStr)+1;
writeNext Qut putFil eNr (String.val ued (newnr));

}
/**

* This method wites the next output file nunber to file
* @xception | CException

* @ee | OException

*/

public void witeNextQutputFileNr(String wsStr){

try{

FileWiter nyFW= new Fil eWiter(nextCounterFile);
Buf feredWiter bw = new BufferedWiter(nyFW;

nyFWwite(wstr);
myFW cl ose();
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}catch(Exception e){
String errorstr = "witeNextQutputFileN";
Systemerr.println("Error during " +
errorstr);

}//function

/**
* Prints information fromthe run to file
* @aramstrings List of strings to wite to file.
*/
public void print_output(ArrayList strings){
/] PRI NTI NG OQUTPUT
/1 Systemout.println(outputFile);

try{
renewQut put Nr () ;

Buf feredWiter nyBW = new BufferedWiter(new
FileWiter(outputDir + outputFile));

for(int x=0;x<strings.size();x++)({
nmyBWwite((String)strings.get(x));
nmyBW newlLi ne() ;

}

nyBW cl ose() ;
}catch(Exception e){
e.printStackTrace();
/1 Systemout.println("Qutput file error");

/**

* Returns current output file

* @eturn Filename used.

*/

public String getFile(){
return outputFile;

}

Y/ /class
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Si ngl eMoti f.j ava
import java.util.BitSet;

/**

* This class contains the structure for nmotifs used by Mfn

(1 UPACI PV

* @ut hor Vetle Val ebjogrg

* @ersion 2.0

* @ee | nput Reader, Mofn

*/

public class SingleMtif{
private String name = "MtifX";
private doubl e significance;
private String pattern;
private int nrOH ts;
private int nrOf Seq;
private int[] |istO Seq;
private BitSet nBitList;

//spesielt for matriser
private double[][] matrix;
private doubl e[] rowsum
private int rows;

private int cols;

/**

* Default constructor
*/

public SingleMwtif(){
}

/**

* Constructor taking all the values fromthe |nputReader as

i nput
* @aramnHts Total hits as int., bitlist as BitSet
* @aramnBSeq Hits as distinct sequences.
* @aram nSi gn Significance.
* @aramnivotif Pattern if(iupac, name if pwn).
*

@aramnH tList |ist of hits and sequences, alternating seqnr

and posnr.

* @aram nbList Bitlist represention of hits, true false for

-> seq size.
* @ee BitSet
*/
public SingleMtif(int nHts, int nBSeq, double nSign,
mvbtif, int[] nH tList,BitSet nbList){
pattern = nwtif;
significance = n6ign;
nfrOfHts = nHits;
nr O Seq = nBeq;
listOFSeq = nmHitlList;
nBi tLi st = nbLi st;
}
/**

* Constructor used by the prune-nethod
* Constructs best nmotif possible based on prev. notifs

* @aram nhits Total hits.

* @aramnSeq Distinct hit in seq.

* @aram nBign Significance

*/

public Singlewdtif(int mHts, int nBeq, double nSign){

pattern = ;

signi ficance = nSign;
ntOHts = nHits;

nrOf Seq = nBSeq;
listOfSeq = new int[O0];
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mBi tLi st = new Bit Set (Mfn.nr_of _seq+l);
//set all true
nmBitList.set(0, Mfn.nr_of_seq+l);

/I mBitList = new BitSet(nSeq+1); //in this case, since

max
[/ nmBitList.set(0, nBeq);
}
/**
* Returns pattern representation as string.
* @eturn pattern as string
*/
public String getPattern(){
return pattern;
}
/**
* Returns matrix used to represent PW5E
* @aram Matrix values in PW
*/
public double[][] getMatrix(){
return matri x;
}
/**
* Returns a vector with the sumfor each rowin the PAW matrix
* @aram Vector with sumfor each matrix row.
*/
publ i c doubl e[] get RowSun() {
return rowsum
}
/**
* Returns the nunmber of rows in a PAM length of the single
nmot i f

* @aram Nunmber of rows in PWM matri x.
*/
public int get Rows(){
return rows;
}

/**
* Returns the nunber of colums in a PWM al ways 4 though
* @aram Nurmber of columms in PWM natri x.
*/
public int getCols(){
return cols;
}

/**

* Returns the notif name. An IDis used if no nane provided.
* @aram Motif name or |ID created.
*/
public String getName(){
return nane,;
}

/**

* Returns the notif significance based on the nodel used
* @eturn Significance
*/
publ i c doubl e getSign(){
return significance;
}

/**

* Returns the BitSet used to represent sequence hits
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* @eturn Bitset representation of the support.
*/
public BitSet getBitSet(){
return nBitList;
}

/**
* Returns the hit data provied or found as a I|ist
* @eturn List of alternating segnr and hitpos
*/
public int[] getHi tData(){

return |istOf Seq;
}

/**
* Returns the support found, bitset.cardinality
* @eturn Support
*/
public int getSupp(){
return nr O Seq;
}

/**
* Sets the significance based on new cal cul ati ons
* @aram newSi gn New si gnificance
*/
public void setSign(doubl e newSi gn) {
significance = newSi gn;
}

/**

* Sets the notif nanme found

* @ar am newNanme New nane

*/

public void setName(String newNamne) {
nane = newNarne;

}

/**

* Sets the PMM matri x

* @aram m PWM matri x

* @aramr Rows

* @aram c col ums

* @aram sum Vector with row suns

*/

public void setMatrix(double[][] m int r, int ¢, double[]
sum {

matrix = m
rows = r;
cols = ¢;
rowsum = sum
}
/**

* Sets hit data found
* @aram bs New bitset representation of hits in sequences
* @aramhitList Ht data with sequence nunber and position
nunber for hits
* @aramhtot Hits total
* @aram hseq Di stinct number of sequences
*/
public void setHitInfo(BitSet bs, int[] hitList, int htot, int
hseq) {
ntOdH ts = htot;
nrOf Seq = hseq;
mBitList = (BitSet)bs.clone();
listOfSeq = hitlList;
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Appendix G — Content of the attached ZIP-file

Miofn javadoc Mofn classes Mofn source Tests

0 R E

Miofr LML Diplom, pdf nr.kxk kest.bat

3 b0 @

scripk.bat runcentre-windows, exe Cukpuk TransCompel

Sour ce code:
Mofn.java
CompositeM otif.java
RealCompositeM otif.java
FictiveCompositeM otif.java
MotifVariant.java
SingleM otif.java
InputReader .java
OutputReader .java
Client.java
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