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Abstract

A new approach to multiple sequence alignment is proposede O
takes a set of sequences to align, modify a guide phylogetres to ob-
tain a Steiner tree (which we refer to in this context as a Spaf), align
the full components of the tree and combine them into onealant us-
ing the internal sequence nodes as a scaffold. The methaxiklé, with
the optimality and speed of alignment dependent on the digeeccom-
ponents and the component alignment method.

This provides a fast method of aligning thousands of seqegené/e
give data on the detrimental effect on the final alignmentdhading the
problem up in this manner does to assess the reliabilityalants of this
size.



Stefan Hansen, Rita Pancsa & Marcus Webb

Spannoid Alignment

Contents
1 Background And Introduction 4
1.1 TheAlignmentProblem . . ... ... ... ... .. ........ 4
1.2 Pairwise Alignment . . . . . . . ... 4
1.2.1 Needleman-Wunsch Dynamic Programming Algorithm ... . 4
1.3 Multiple Alignment . . . . . .. ... ... ... 5
1.3.1 ScoreBasedAlignment. . . . ... .............. 5
1.3.2 Progressive Alignment . . . . ... ... 6
1.3.3 Iterative RefinementMethods . . . . ... ... ... .... 6
1.3.4 Statistical Alignment . . . . . ... ... 0oL 7
1.4 PhylogeneticTrees . . .. . .. .. ... . .. .. ... .. 7
141 Trees . . . .. . 7
1.4.2 PhylogeneticTrees . . . . . . . . . ... ... ... 8
1.4.3 Making A Tree From Pairwise Distances . . . . ... .. .. 8
2 Project Aims 10
3 k-Restricted Steiner Trees And Spannoids 11
3.1 Steinertrees . . . . . . . . 11
3.2 Spannoids . . . ... e 11
4 Spannoid Alignment 13
4.1 OVEIVIEW . . . o i 13
4.2 CreatingTheGuide Tree . . . . . . .. ... .. . ... .. .... 13
4.3 Creating The Spannoid . . . . . .. ... ... ... ... ..... 13
4.3.1 EdgeContractions . . . ... ... . ... ... ... ..., 14
4.4 Aligning The Components . . . . . . . . . . ... 16
45 Merging The Spannoid . . . . ... ... ... ............ 17
4.6 SpanAlign . . . . ... 20
5 Testing 22
5.1 BAIBASEScOring . . ... ... ... . 22
5.2 BonphyMethods . . ... .... .. ... ... .. .. ... ..., 23
5.3 Optimisation Of StatAlign . . . . . . ... ... ... ... ..... 26
5.3.1 DataCollection . . . .. ... .. ... ... ... .... 26
5.3.2 Loglikelihood Method . . . . .. ... ... .. ....... 26
5.3.3 AlignmentBasedMethod . .. ... ............. 27
5.4 StatAlign Performance . . ... .. ... ... .. ... ... ..., 29
55 SpanAlign . . . . . .. 32
6 Conclusions 35
7 Future Work 36
7.1 Bonphy Optimisation . . . . ... ... ... ... ... ...... 36
7.2 AlternativesToBonphy . . . . ... ... .. ... ... ....... 36
7.2.1 Inferring InternalNodes . . . . ... ... ... ....... 36
7.2.2 Making A Spannoid By Clustering From Pairwise Disesic 36
7.2.3 Taking Alignment Samples For Random Spannoids . . . . . 37
7.3 Edgelengths . . . ... ... ... ... ... 37
7.4 Parameter Estimation . . . . .. ... ... ... oo 39



Stefan Hansen, Rita Pancsa & Marcus Webb

Spannoid Alignment

7.5 Annotation

A Appendix

A.1 SpanAlign Source Code
A.2 Harvester Source Code

A21
A.2.2
A.2.3
A2.4
A.2.5
A.2.6
A.2.7

References

Edge Length Strategies Package

Harvester Package . ... ... .. ..
Spannoid Structure Package . . . . ..
Mergers Package . . ... ... .. ..
Clique Mergers Package . . . ... ..
Pair Mergers Package . . . . .. .. ..
Likelihood Strategies Package . . . . .



Stefan Hansen, Rita Pancsa & Marcus Webb Spannoid Alignment

1 Background And Introduction

1.1 The Alignment Problem

Sequential alignment is a classic theme in Bioinformatitsnvolves finding the in-
sertion, deletion (abrev. indel) and substitution poirtsg the elements of a set of
protein, DNA or RNA sequences with a common ancester (hogmis), based on
explicit probabilistic models or scoring systems.

Models for DNA sequence alignment do not take into accougelatructural re-
arrangements in chromosome structure or gene duplicat@mversion or recombina-
tion. For protein or RNA sequence alignment we do not takeastount the chemical,
physical or spatial structure of the molecules, just theedndy of the amino acids or
bases.

1HSTA - - - SHPTYSEM AAAI RAEKSRGGSSRQSI QKYI KSHYKVGHNADLQ KLSI RRLLAAGVY
11 DY MEVKKTSWIEEEDRI L YQAHKRLGNRWAEI AKLLPG- - RTDNAI KNHWNSTMRRKV- - - -

Figure 1: A pairwise alignment between proteins 1HSTA ardivll

1.2 Pairwise Alignment

Pairwise sequence alignment methods are used to find thaligsnent of two se-
guences. There are 2 main questions to answer: What do we meaesii? How do
we find this ‘best’ alignment?

Best can be defined by a scoring system or probabilistic muadd on empirical
data or theoretical grounds. Finding better and better isaslstill of great importance
as it underlies the whole procedure.

Finding this optimal alignment is difficult. There are

2n\ A"

n - VTN
possible alignments (by Stirling’s approximation) on 2isences of length, so search-
ing this space by brute force is not an option for even rathells.. However, if the
scoring system is additive, dynamic programming algorgthean be used to find the

optimal alignment (based on this scoring systempimm) time, wheren andm are
the lengths of the sequences. Here is an example:

1.2.1 Needleman-Wunsch Dynamic Programming Algorithm

The technique of dynamic programming can be applied to m@daore based global
alignments via the Needleman-Wunsch algorithm. In typisalge, score based protein
alignments use a substitution matrix (e.g. Figure 2) togassicores to amino-acid
matches or mismatches, and a gap penalty for matching aroawid in one sequence
to a gap in the other. DNA and RNA alignments may use a scoriatyixy but in
practice often simply assign a positive match score, a nvegatismatch score, and
a negative gap penalty. In standard dynamic programmirgstiore of each amino
acid position is independent of the identity of its neighsbdrhe usage of two different
gap penalties for opening a gap and for extending a gap méges@nts biologically
more relevant. Typically the former is much larger than tter, e.g.—10 for gap
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open and-2 for gap extension. Thus, the number of gaps in an alignmamntuslly
reduced and residues and gaps are kept together, whichallypitakes more biological
sense. The dynamic programming method is guaranteed torfiogtamal alignment
given a particular scoring function; however, identifyinggood scoring function is
often an empirical rather than a theoretical matter. Algiodynamic programming is
extensible to more than two sequences, it is prohibitiviedwgor large numbers of or
extremely long sequences.

ARNDTG CQEGHI LKMFPSTWYV
A 5-2-1-2-1-1-1 0-2-1-2-1-1-3-1 1 0-3-2 0
R-2 7-1-2-4 1 0-3 0-4-3 3-2-3-3-1-1-3-1-3
N-1-1 7 2-2 0 0 0 1-3-4 0-2-4-2 1 0-4-2-3
D-2-2 2 8-4 0 2-1-1-4-4-1-4-5-1 0-1-5-3-4
C-1-4-2-413-3-3-3-3-2-2-3-2-2-4-1-1-5-3-1
Q-1 1 0 0-3 7 2-2 1-3-2 2 0-4-1 0-1-1-1-3
E-1 0 0 2-3 2 6-3 0-4-3 1-2-3-1-1-1-3-2-3
G 0-3 0-1-3-2-3 8-:2-4-4-2-3-4-2 0-2-3-3-4
H-2 0 1-1-3 1 0-210-4-3 0-1-1-2-1-2-3 2-4
| -1-4-3-4-2-3-4-4-45 2-3 2 0-3-3-1-3-1 4
L-2-3-4-4-2-2-3-4-3 2 5-3 3 1-4-3-1-2-1 1
K-1 3 0-1-3 2 1-2 0-3-3 6-2-4-1 0-1-3-2-3
M-1-2-2-4-2 0-2-3-1 2 3-2 7 0-3-2-1-1 0 1
F-3-3-4-5-2-4-3-4-10 1-4 0 8-4-3-2 1 4-1
P-1-3-2-1-4-1-1-2-2-3-4-1-3-410-1-1-4-3-3
$1-1 1 0-1 0-1 0-1-3-3 0-2-3-1 5 2-4-2-2
TO0O-1 0-1-1-1-1-2-2-1-1-1-1-2-1 2 5-3-2 0
W-3 -3 -4-5-5-1-3-3-3-3-2-3-11-4-4-415 2 -3
Y-2-1-2-3-3-1-2-3 2-1-1-2 0 4-3-2-2 2 8-1
V 0-3-3-4-1-3-3-4-4 4 1-3 1-1-3-2 0-3-1 5

Figure 2: BLOSUM50 score matrix for proteins.

1.3 Multiple Alignment

Multiple sequence alignment is an extension of pairwisgnaient to incorporate more
than two sequences at a time. They are often used in idergityonserved sequence
regions across a group of sequences hypothesized to beiemalily related. Such
conserved sequence motifs can be used in conjunction withtstal and functional
information to locate the catalytic active sites of enzymes

Biologists can produce high quality multiple sequenceratignts by hand using
expert knowledge of protein sequence evolution [2]. Howetlgs is tedious, time
consuming and sometimes impossible for many sequencesit@maic multiple se-
guence alignment has been a topic of extensive researclih@vpast four decades.

1.3.1 Score Based Alignment

When doing score based multiple sequence alignment one asdiat the individ-
ual columns of the alignment are statistically independéfging this assumption, a
scoring function for a multiple sequence alignmentvould be of the form

S(m) =G+ Z S(m;),

wherem; is thei'th column of the alignment and hencgm;) is the score for the
+'th column. The functionG is a gap penalty function which for now is unspecified.
Most multiple alignment methods use a gap penalty functia pays a higher cost
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for opening a gap than extending it. This means that sucegsips are not treated as
being independent. One method for calculating the scorbeofth column is called
SP (Sum of Pairs) scores. THeP score uses a score matrix such as the BLOSUM50
matrix seen in Figure 2. The score for tf#h column is defined as

S(mi) =) s(mf,mj),

k<l

wherem” is thei'th residue of thet'th sequence ansl(a, b) is the entry in the scoring
matrix corresponding to the residuesindb. One could now use dynamic program-
ming as suggested in Section 1.2.1 to obtain an optimal ptelllignment, but as
mentioned this is very slow for large numbers of or extrenhehg sequences. In case
of using theS P scores the computational time@(k22*n*), wherek is the number
of sequences and is the length. Another method for calculating the score isitio-
imise the entropy. This will result in computational time@fk2%n*) if the column
scores are computed ifi(k) as with the minimum entropy method. Both methods
are extremely slow, and therefor a widely used method is thgrpssive alignment
method.

1.3.2 Progressive Alignment

In progressive alignment one starts off by choosing two seges and align those by
the pairwise alignment method and this alignment is thed faebd. A third sequence
is now chosen and aligned to the first alignment and so on. Wheeguences have
been aligned we obtain a final alignment. There are thregshimkeep in mind when
doing progressive alignment. How do we decide optimallychtdéequence is next to
be aligned? Should we allow the fixed alignment to be aligni&d ether alignments
rather than just sequences? And lastly, which method §.B. scores or minimum
entropy) should be used when computing the succesive atigten A guide tree is
often used to get an overview of how the sequences are redatgdhen one would
choose closely related sequences to align first and moverdpwathe tree.

This method is very fast and often the final alignment is dyfajpod approxima-
tion. The downside however is that the method does not do eesalb optimisation
of a scoring function. It does only optimise scoring funngan the small steps when
aligning sequences and alignments. Examples of progeeabgnment algorithms are
the Feng-Doolittle algorithm and the ClustalW algorithmh{gh incorporates the no-
tion of profile-based alignments into the progressive atignt method).

1.3.3 lterative Refinement Methods

A main issue with the progressive alignment method is theé@number of sequences
has been aligned their mutual relationship are ‘frozenisTineans that their alignment
cannot change as you add more sequences to the alignmeativiieefinment meth-
ods was invented to overcome this. It works by generatinghdiali alignment such
as the one obtained using the progressive alignment mefhloeln a single or more
sequences are taken out of the alignment according to a speoffied rules and these
are realigned to a profile of the remaining alignment. Thiseziresults in an increase
of the overall score or the overall score stays the samer &fite another sequence is
chosen and the steps are repeated. This is done until thevaig does not change
and this will be the final alignment. A well known iterativefirement method is the
Barton-Sternberg algorithm.
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1.3.4 Statistical Alignment

Score based alignments were developed in the 70s, 80s anttae still the ba-
sis of many alignment programs still used today. Statisfignment, which rose to
prominence in the last decade, uses explicit stochasticimad indel and substitu-
ion such as Hidden Markov Models (HMM’s), a much more sojtased approach
in terms of testing evolutionary hypotheses and estimgiargmeters [5]. One of the
most known statistical models is the TKF91 founded by Thpkishino and Felsen-
stein in 1991 [6]. In the TKF91 model you allow substitutipimsertions and deletions
of residues. The substitutions are described as a predagfersible continuous-time
Markov proces with state space being the possible chasaatet the insertion and
deletions are modelled as a birth-death process with insedtes\ and deletion rates
. Given two sequences and B of lengths 4 ands g respectively, the likelihood oft
and B can written as

Lo(A,B) = 't nfmsml v, P(B | A,0), 1)

wherer; andr; are the probability and occurence (in sequence A) of theeaticle
ifori = A,G,C, T. The parametef is the vector of all unknown parameters in the
model, that is the probability of the four residues and itiger deletions and substi-
tution rates. Furthermore, , is the equilibrium probability of sequences of length
andP,(B | A, ) is the transition probability from sequences A to B in titrgiven the
parametes.

Along with the TKF91 model came two algorithms, namely thigrahent algo-
rithm and the parameter estimation algorithm. The first iglgorithm that finds an
optimal alignment in the same manner as other known scoredbagorithm using
trace back through a matrix. But unlike the standard dyngragramming algorithm
the matrix consists not of scores but of likelihoods and #lirminating the subjective
factor in the alignment problem. The parameter estimatigorahm uses the like-
lihood equation in (1) and uses numerical methods to find thgimum likelihood
solution ofé.

An extension to the TKF91 model, that introduced an ‘affinp gast’ in the sta-
tistical model, was later made. This new model called TKFd@&s insertions and
deletions of whole segments whose length are taken fromtainaay distribution due
to the fact that insertions and deletions often occurs irentimain one single nucleotide.

1.4 Phylogenetic Trees

The genetic similarity between species of all organismdistusuggests that all liv-
ing things on Earth have a common ancestor. Therefore anyf sgtecies is related
somehow, and we call this relationshigplaylogeny. The relationship can usually be
represented by a tree, so we call jitaylogenetic tree.

1.4.1 Trees

A graphG is a tuple(V, E), whereV is the set of vertices or nodes aBdC V' x V
is the set of edges, whefe;,vy) € FE if and only if there is an edge between
andwvs. A graphG = (V) E) is said to beundirected if (vi,v2) C FE if and only if
(v2,v1) C E, and an undirected graph is then said tocbenected if for all v; € V
existsvy € V such thafvy,v2) € E. A tree is a connected, acyclic graph and a leaf
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node is a node with only one neighbouring node. All other soale called internal
nodes.

In this project, we will only consider binary trees, wherkiadernal nodes have 3
neighbours. This is not a serious limitation, because ahgrdiranching pattern can
be approximated by a binary tree in which some of the branateegery short.

1.4.2 Phylogenetic Trees

In a phylogenetic tree, nodes correspond to sequencesedheddes are sequences of
observed current species and internal nodes representievalry ancestors we have
not observed.

Fae !

17023 LVO
nsovea LvO
NVINNH 1VO

dSVYNV d9dVv

NSova dsyv

FTO0AN 19vO

aMac

7003 9dAL
1SVY3IA O1VvV
NVINNH NL1VY
H1VydV ¢LvVY

3v3Sd OHHd
17023 1wV
NIFVH LvV
NVdN1NLYY

VSCVT

Figure 3: A binary tree for the phylogeny of 16 protein sedqu#sn

1.4.3 Making A Tree From Pairwise Distances

Building a phylogenetic tree from a family of sequences cardbne intuitively by
first defining a set of distances; between each pait j of sequences. The simplest
example ford;; is the fractionf of the sites where the two sequences differ (after
aligning the two sequences by some method). This works falldnactions f, but
when the two sequences are unrelated we see that randontgidrst will causef

to approach the fraction of the differences caused by chaffeevould, however, like
the distance to tend to infinity. The Jukes-Cantor distasdgi= —32 log(1 — 4f/3),
which tends to infinity as the equilibrium value ¢fis approached (0.75 of residues
different). There are a good few methods for tree-makingth@as pairwise distances,
but the one we shall consider is Neighbour-Joining.
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Neighbour-Joining The edge lengths of a tree are said to be additive if the distan
between any pair of leaves is the sum of the length of the edlgése path connecting
them. So given a tree with additive lengths, we can try to metract it from the
pairwise distances of its leaves. We construct a fe&eeping a list of active leaf
nodes in the treel.. L corresponds to the current remaining set of leaf nodes to put
into T"andT corresponds to the tree being built from the leaf nobl@s the iterations.
Define:

Dij = dij — (ri +15)

1
Tizmzdik

keL

where,

Itis claimed that a pair of leaves; for which D;; is minimal will be neighbouring
leaves; this is proved in [2] Chapter 7.

Algorithm 1 Neighbour-Joining
Initialisation: DefineT to be the set of leaf nodes, one for each given sequence, and
putL =T.
while |L| > 2 do
Pick a pairi, j in L for which D;;, defined above, is minimal.
Define a new nodé and seti,, = %(dim + djm — d;j), forallmin L.
Add & to T with edges of lengthg;;, = %(dij +r;—1;), dij = dij — d;p, joining
k toi andj, respectively.
Removei andj from L and addk.
Termination: Add the remaining edge betweéand;, with lengthd,;.
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2 Project Aims

Initially we had several project aims. The main idea is totheenotion ofk-spannoids
as a tool to increase the number of sequences alignable peéUiy still end up with a
fairly good alignment. Another key tool is the statistichfjament program StatAlign.
According to [5] the MCMC (Markov Chain Monte Carlo) techo&used in StatAlign
allows only analysis of sequences of order 10-15 becaudeedfard time complexity.
Since we believe that statistical alignment is the best otketbr aligning sequences,
we would want to be able to align more than 15 sequences usitigtieal alignment.
The project aims can be outlined as follows.

e Describe a framework for the spannoid notion, so it is easynfement in a
Java program.

¢ Analyse the performance of StatAlign to conclude whethersithis or another
alignment program on the full components.

e Make a versatile program that automatically aligns manyeerges and can han-
dle several alignment programs on the components.

e Be able to align thousands of sequences in fairly short time.

e Test the performance of our alignment program to otheriegjgtrograms.

Depending on the time left we would want to find a method fondgiarameter es-
timation (insertion, deletions and substitution rateghim spannoid framework. Since
aligning thousands of sequences can be very useful in tefrisrsnotation, it is worth
looking into the problem of combining annotations on thé é@mponents, but this
will most likely be out the scope of this project

10
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3 k-Restricted Steiner Trees And Spannoids

3.1 Steiner trees

When constructing a multiple alignment of a set of sequeritege will be using
Steiner trees in order to decompose the alignment problensimaller alignment prob-
lems. Given a set of sequencgsa spanning tree is a tree where every edge connects
exactly two sequences. We will refer to sequences as termaakes and denote them

by solid circles. If we include common ancestors to our treeolstain a Steiner tree,
where the common ancestors will correspond to internah8taiodes. Here internal
means that a node is not a leaf. The Steiner nodes will be eetuyt hollow circles.
Examples of a spanning tree and a Steiner tree are shownuneHg

Figure 4: At left a spanning tree on the set of sequersces{1,2,3,4,5,6}. At right
a Steiner tree on the sequenées: {1, 2, 3,4} with three Steiner nodes.

We say that a Steiner tree on a suliSet S of the terminal nodes isfall compo-
nent if all the internal nodes are Steiner nodes. If the full comgrds of a Steiner tree
has at mosk terminal nodes we call it &-restricted Steiner tree, which is illustrated
in Figure 5. Note that two full components are connectedutnoa single common
sequence. Full components cannot be connected throughrtwmi@ common se-
guences, since this will introduce a cycle in our tree. Thédtipla alignment problem
becomes much easier if we are looking &teestricted Steiner tree, since aligning the
full components will involve at most sequences. Of courdeaffects both computa-
tional time and how good the alignment approximation isk K 2 we will align full
components with at mo& terminal nodes seperately. That is we pairwise align the
seguences. Since we are not expecting this to be a very gpoodd@mation, we would
wantk > 3.

3.2 Spannoids

Given a Steiner tree on a sgtof terminal nodes we can compute the full components
and introduce a hypergraph called ®mnnoid of the Steiner tree. The Spannoid will
be a hypergraph on the full components where an edge betweeiult components
means that they have a common sequence. SimilaflySpannoid is the hypergraph
induced by &-restricted Steiner tree.

The 3-Spannoid of the Steiner tree given in Figure 6 is seen inrEigy and the
common sequences are denoted by stars. The Spannoid wilic@s many nodes as
there are full components in the original tree and as manyg sisthere are common
seguences.

11
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Figure 5: To the left a 3-restricted Steiner tree with = {1,2,3} og G2 = {3,4,5}.
The dashed lines encircles the full components. Had the Bden a Steiner node it
would have been &-restricted Steiner tree. To the right a 4-restricted Sfeiree with

G1 ={1,2,3}, Gy = {3,4,5} andGs = {3,6,7,8}.

Figure 6: Another example of a bigger 3-restricted Steiresx with eight full compo-
nents. Here three of the terminal nodes corresponds to consetuences.

NSNS
7N 7N

Figure 7: The Spannoid of the Steiner tree given in Figurev&r§node in this tree
corresponds to a full component and the common sequencdsrmoéed by stars.

12
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4 Spannoid Alignment

4.1 Overview
Harvester

Sequences Final Alignment

StatAlign/Clustal/Mafft

alignments

SpanAlign

guide tree @

ClustalwW bonphy

Figure 8: An overview of the method we are using to obtain d fiignment.

Figure 8 illustrates how we from a set of sequences obtairaadiignment. The
whole procedure consists of four steps. The first three sitepdres already existing
software such as Clustal, bonphy and StatAlign. The lagt stakes use of the java
program Harvester which is the main product of this projéntshort the procedure
takes in a number of sequences, computes a guide phylogdrdeanmposes this tree
into smaller subtrees according to some rules. From hereaisteyn already existing
alignment programs on the smaller subtrees and at last bterveombines all pieces
into one final alignment. How Harvester functions is expdairin Section 4.5. The
whole procedure relies heavily on the notion of spannoidstagduced in Section 3.
A more thorough explanation of the procedure will be givethvein example. So let
us consider the 14 sequences in Figure 9 and assume we wéighttham.

4.2 Creating The Guide Tree

These 14 sequences will be read by Clustal (you can inpuesegs in .FASTA for-
mat), and it will construct a guide tree using the Neighbaniring algorithm. This
guide tree is shown in Figure 10. Obtaining a guide tree iy Y@t even for many
sequences, so it will not slow down the overall procedures Nkighbour-Joining al-
gorithm is used, because it provides an unrooted tree whkigxactly what bonphy
requires.

4.3 Creating The Spannoid

With this guide tree, which can be arbitrarily big dependorgthe number of se-
guences, we want to obtainkarestricted Steiner tree. In order to do so, we need to
contract some edges. We will now discuss how to do optima¢ edgtractions.

13
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>11 DY

MEVKKTSWIEEEDRI L YQAHKRLGNRWAEI AKLLPGRTDNAI KNHWNSTMVRRKV
>MYB3_MAl ZE

DLKRGNFTADEDDL | VKLHSLLGNKWSL | AARLPGRTDNEI KNYWNTHVRRK
>GL1_ARATH

NVNKGNFTEQEEDLI | RLHKLLGNRWSL I AKRVPGRTDNQVKNYWNTHL SKK
>MYB3_HORVU

DLKRGCFSQQEEDHI VALHQ LGNRWSQ ASHLPGRTDNEI KNFWNSCI KKK
>MYB2_PHYPA

DLKRG FSEAEENLI LDLHATLGNRWSRI AAQLPGRTDNEI KNYWNTRLKKR
>1HSTA

SHPTYSEM AAAI RAEKSRGGSSRQSI QKYI KSHYKVGHNADLQ KLSI RRLLAAGV
>HIL_MWYTTR

KPSTLSM VAAI TAMKNRKGSSVQAI RKYI LANNKG NTSHLGSAMKLAFAKGLKSGVY
>H11_ARATH

SHPTYEEM KDAI VTLKERTGSSQYAI QKFI EEKRKELPPTFRKLLLLNLKRLVASGK
>H1_Di CDI

NHPTYQVM STAI AHYKDRTGSSQPAI | KYI EANYNVAPDTFKTQLKLALKRL VAKGT
>1A0Y

VRSSAKQEEL VKAFKAL LKEEKFSSQGEI VAAL QEQGFDNI NQSKVSRMLTKFGAVRT
>ARGR_STRCL

MARHRRI VDI LNRQPVRSQSQLAKLLADNGL SVTQATL SRDLDEL GAVKI
>@E3273713

ENLNPVTRTARQALI LQ LDKQKVTSQVQLSELLLDEG DI TQATL SRDLDEL GARKYV
>AHRC_BACSU

MNKGQRHI KI REI | TSNEI ETQDEL VDMLKQDGYKVTQATVSRDI KELHLVKV
>ARGR_BACST

MNKGQRHI KI REI | MSNDI ETQDEL VDRLREAGFNVTQATVSRDI KEMQLVKV

Figure 9: An example of 14 sequences with an average lendi oésidues.

H1vdv 119

VdAHd ¢9dAN

NAHOH €EdAN
JZIVIN EGAN
AdIT

AOVT
H1VYVY TTH

1S0Vvd 404V ]

NSova J4HY —
€TLELCED
d11AN ITH
1a2Ia TH
V1SHT

104U1S 494V

Figure 10: The guide tree obtained by Clustal.
4.3.1 Edge Contractions

Let £ > 2 be a fixed number. Given a s&tof sequences one might compute a guide
tree using e.g. the Neighbour-Joining or the UPGMA alganitfThis tree is not neces-

14
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sarily ak-restricted Steiner tree. One method to obtairrastricted Steiner tree would
be contracting edges, that is to bring terminal nodes in &srial nodes and thereby
getting rid of a Steiner node. This idea is illustrated inufey11.

Figure 11: To the left is seen thierestricted Steiner tree from Figure 5. Bringing the
terminal node6 in as an internal node we obtain tBeestricted Steiner tree to the
right.

So by doing edge contractions we decrease the size of thedimlponents, but on
the other hand we increase the number of full components.quikstion is how how
to contract edges optimally and what is meant by optimalc&ime want our new tree
to be as close to the original tree optimal could, in the lighFigure 11, mean that
the total weight of the contracted edges should be minimat.ifstead of seeing edge
conctractions as pulling in terminal nodes, we could ses @langating the two edges
incident to the Steiner node we want to eliminate. This iddHuistrated in Figure 12.

Figure 12: The same Steiner tree as in Figure 11, but hereamgate edges incident
to the Steiner node we want to remove and thereby not movingadkition of terminal
node6.

Seeing edge contractions this way, optimal could mean teanimimise the total
edge weight in the tree obtained by elongating the relevdgee

The program bonphy offers 12 different methods for conimngcédges. Eight of
these are discussed in Section 5.2. In the case of our exasgitegk = 3, we
might end up with the3-restricted Steiner tree seen in Figure 13. The full compo-
nents are {MYB2 PHYPA, MYB3 HORVUGL1 ARATH }, { GL1 ARATH , MYB3
MAIZE}, { GL1 ARATH , 1IDY}, { 1IDY,HIL MYTTR },{ HILMYTTR , 1HSTA},
{HILMYTTR , H1 DICDI, H11 ARATH}, {1IDY, 1A0Y}, { 1AOY, ARGR BACST,
AHRC BACSU} and {1AQY, G3273713, ARGR STRCL}. Here boldfaced sequences
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are the common sequences which tie the subtrees togethewh&owe got was a
3-Spannoid with 9 full components of size 2 and 3. Settinigigger we might have
obtained fewer but bigger full components.

- AL —

HLVYV I'ID
AOVI
ULLAW TIH-

HZIVIN AN
CILELTED
TOULS 4OV

LSOVH dDdV —
VLSHI

VdAHd THAIN
NA¥MOH €¢dAN
NSOVH DUHV —

IddId 1H
HLVYV [1H

Figure 13: The3-restricted Steiner tree obtained by bonphy. This is alfrmed to as
the 3-Spannoid. The common sequences in this case are GL1 ARALH, 1A0Y
and H1L MYTTR.

4.4 Aligning The Components

Now we are facing 9 small alignment problems. In this stepamed use any multiple
sequence alignment software available to align the compeniVe have implemented
StatAlign, Clustal and Mafft into our SpanAlign program ati@ user can choose
whichever he or she prefers. Some of the aligned comporestivn in Figure 14.

If computational time is not a problem one should chobse big as possible. As
shown in Figure 20 and Figure 21, the higligmn the better result we get. This also
seems intuitive because wheincreases we use more of the potential of the alignment
programs and fewer components have to be merged in the ertie kase of using
StatAlign on the component computational time is a domiraator since aligning
more than 7-10 sequences can take days with the optimal MCAl&@neters. So here
we would suggest putting < 6 or maybe ever < 5.
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>ARGR_STRCL

———————— MARHRRI VDI LNRQPVRSQSQLAKLLADNGLS- VTQATL SRDLDEL GAVKI
>@E3273713

ENLNPVTRTARQALI LQ LDKQKVTSQVQLSELLLDEG D- | TQATLSRDLDEL GARKV
>1A0Y

- MRSSAKQEEL VKAFKAL LKEEKFSSQGEI VAAL QEQGFDNI NQSKVSRMLTKFGAVRT

>AHRC_BACSU

MNKGQRH- - - | K- | REI | TSNEI ETQDEL VDMLKQDGYK- VTQATVSRDI KELHLVKV
>ARGR_BACST

MNKGQRH- - - | K- | REI | MSNDI ETQDEL VDRLREAGFN- VTQATVSRDI KEMQLVKV
>1A0Y

MRSSAKQEEL VKAFKAL LKEEKFSSQGE! VAAL QEQGFDNI NQSKVSRM. TKFGAVRT

>11 DY

MEVKKTSWIEEEDRI LYQAHKRL GNRWAEI AKLLPGRTDNAI KNHWNSTVRRKV
>GL1_ARATH

- NVNKGNFTEQEEDLI | RLHKLLGNRWSL 1 AKRVPGRTDNQVKNYWNTHL SKK-

Figure 14: Three of the full components aligned using Clustais can be done using
any multiple sequence alignment program.

4.5 Merging The Spannoid

We implemented a java protoype program called Harvestemdme a given set of
alignments (the spannoid) into one final alignment.

It basically stores the spannoid as a hypergraph of aligtsreard merges the com-
ponents one hyperedge at a time. There are three majorguesiin what order should
we merge the hyperedges? How shall we merge the componentsrafle hyperedge?
Should we realign parts of merged alignments?

NSNS
7N 7N

N, |
7N ®

Figure 15: Harvester merges the components one hyperedgéiraé until there is
only one component left.

How the order in which we merge the hyperedges will affectfthal alignment
is not clear, so we implemented 2 methods. We implementedoat'hyper first" ap-
proach in which the hyperedges with most components areadédigt, and a "leaves
first" approach in which we merge the hyperedges of leavete@with only one neigh-
bouring node) of the spannoid first.
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The base step in merging the spannoid is merging a pair afrakgts with a com-
mon sequence. This can be done repeatedly to merge a sejrahalts with a com-
mon sequence (we refer to thesechgues). To merge two alignments with a common
sequence, we have a basic strategy called SumGap.

>11 DY

MEVKKTSW - - - TEEEDRI L YQAHKRL GNRWAEI AKL L PGRTDNAI KNHWASTMRRKV
>GL1 ARATH

- NVNKGNFFTFFTEQEEDLI | RLHKLLGNRWSLI AKRVPGRTDNQVKNYWNTHL SKK-
>MYB2 PHYPA

- DLKRG FA- KRSEAEENL| LDLHATL GNRWSRI AAQL PGRTDNEI KNYWNTRLKKR-
>MYB3 HORWU

- DLKRGCFSFK- SQQEEDHI VALHQ LGNRWSQ ASHL PGRTDNEI KNFWNSCI KKK-
>MYB3 MAI ZE

- DLKRGNFT- FSFADEDDL| VKLHSLLGNKWSLI AARLPGRTDNEI KNYWNTHVRRK-
>MYBP MAI ZE

ADVKRGNI S- FFAKEEED! | | KLHATLGNRWSL | ASHLPGRTDNEI KNYWNSHL SRQ-
>1A0Y

- MRSSAKQE- EEL VKAFKAL LKEEKFSSQGEI VAAL QEQGFDNI NQSKVS- RMLTKFGAVRT
>1HSTA

SHPTYSEM AAAAI RAEKSRGGS- SRQSI QKYI KSHYKVGHNADLQ- - | K- LSI RRLLAAGY
>11 DY

- MEVKKTSW - TEEEDRI L YQAHKRLGNRWAEI AKLLPGRTDNAI KNHWNSTMVRRKV- - - - -
>HIL MYTTR

K- PSTLSM VAVAI TAMKNRKGS- SVQAI RKY! LANNKG NTSHLGSAMK- LAFAKGLKSGV
>Hl ECHCR

AHPPVI DM TAAAI AAQKERRGS- SVAKI QSYI AAKYRCDI NA- LNPHI R- RALKNQVKSGA

Figure 16: Two alignments with common sequence 1IDY

We note the gaps created in the common sequence and for eyeig gne of the
common sequences we create another gap of the same sizeamtbgosition in every
sequence of the other alignment. Note that if there is a gapersame place in the
common sequences in each alignment, a gap the size of thefdim sizes of these
gaps is created (hence the name SumGap). The gaps creatssl aignment should
be made to the left of the residues and in the other to the, @ghghown in Figure 17.

After this, the common sequences in each alignment havelgxhe same gap
structure, so we can just put the sequences above each wtherew, merged align-
ment. This may seem a little sloppy, but the assumptionsustdiged by the way we
construct the spannoid from a guide phylogeny. The sitnaifa gap in the same po-
sition in the common sequence in both alignments corresptmen assumption that
the residues that are aligned to the gap in the common segjierach alignment are
independent insertions in the common sequence, justifiedéiyng the components as
independent subphylogenies with the common sequence haingimon root. Sim-
ply putting the sequences above eachother in a new alignooergsponds to an as-
sumption of a sort of transitivity on pairwise alignmentstified by the fact that the
sequences in neighbouring components are well relatedegisatie close together in
the guide tree.

A second approach is to realign the gaps where we had a gap §athe place on
both common sequences. This is a minor improvement as thitisin does not occur
very often. This approach called StatAlignGapsPairMelger been implemented in
Harvester and works, but as mentioned it rarely changeditire@ent. Therefor a third
approach was done.

The third approach is to realign specific regions of the nekadignment. Deciding
which regions to realign can be done when using statistlgaiment software such as
StatAlign to align the components, because a likelihoodsgmed to every column.
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>GL1 ARATH

- -NVNKGNF  -- FTFF TEQEEDLI | RLHKLLGNRWSLI AKRVPGRTDNQVKNYWNTHLSKK- - - - - -
>MYB2 PHYPA

- -DLKRGF -- A-KR SEAEENLI LDLHATLGNRWSRI AAQLPGRTDNEI KNYWNTRLKKR- - - - - -
>MyB3 HORVU

- -DLKRGCF -- SFK- SQQEEDH VALHQ LGNRWSQ ASHLPGRTDNEI KNFWNSCI KKK- - - - - -
>MYB3 MAl ZE

- -DLKRGNF -- T-FS FADEDDLI VKLHSLLGNKWSLI AARLPGRTDNEI KNYWNTHVRRK- - - - - -
>MYBP MAI ZE

- ADVKRGNl -- S-FF AKEEEDI | | KLHATLGNRWSLI ASHLPGRTDNEI KNYWNSHLSRQ- - --- -
>11 DY

- MEVKKTSW -- ---- TEEEDRI LYQAHKRLGNRWAEI AKLLPGRTDNAI KNHVWNSTMRRKY - - - - -
>1A0Y

- MRSSAKQE -E ---- ELVKAFKALLKEEKFSSQGElI VAALQEQGFDNI NQSKVS- RMLTKF  GAVRT
>1HSTA

S HPTYSEM AA ----  AAl RAEKSRGGS- SRQSI QKYI KSHYKVGHNADLQ- - | K- LSI RRL  LAAGV
>HIL MYTTR

K -PSTLSM VA ---- VAl TAMKNRKGS- SVQAI RKYI LANNKG NTSHLGSAMK- LAFAKG LKSGV
>Hl ECHCR

A HPPVIDM TA ----  AAl AAQKERRGS- SVAKI QSYI AAKYRCDI NA- LNPHI R- RALKNQ  VKSGA

Figure 17: The two alignments merged using SumGap method.

>G.1 ARATH

- -NVNKGNF  FTFF  TEQEEDLI | RLHKLLGNRWSLI AKRVPGRTDNQVKNYWNTHLSKK- - - - - -
>MYB2 PHYPA

- -DLKRG F -AKR SEAEENLI LDLHATLGNRWSRI AAQLPGRTDNEI KNYWNTRLKKR- - - - - -
>MYB3 HORVU

- -DLKRGCF -SFK SQQEEDH VALHQ LGNRWSQ ASHLPGRTDNElI KNFWNSCI KKK- - - - - -
>MYB3 MAl ZE

- -DLKRGNF -TFS FADEDDLI VKLHSLLGNKWSLI AARLPGRTDNEI KNYWNTHVRRK- - - - - -
>MYBP MAl ZE

- ADVKRGNI -SFF AKEEEDI | | KLHATLGNRWSLI ASHLPGRTDNEI KNYWNSHLSRQ- - - - - -
>11 DY

- MEVKKTSW ---- TEEEDRI LYQAHKRLGNRWAEI AKLLPGRTDNAI KNHWNSTMRRKYV - - - - -
>1A0Y

- MRSSAKQE --E- ELVKAFKALLKEEKFSSQGElI VAALQEQGFDNI NQSKVS- RMLTKF  GAVRT
>1HSTA

S HPTYSEM - AA- AAl RAEKSRGGS- SRQSI QKYI KSHYKVGHNADLQ - | K- LSI RRL  LAAGVY
>HIL MYTTR

K -PSTLSM -VA- VAl TAMKNRKGS- SVQAI RKYl LANNKG NTSHLGSAMK- LAFAKG LKSGV
>Hl ECHCR

A HPPVIDM -TA- AAl AAQKERRGS- SVAKI QSYI AAKYRCDI NA- LNPHI R- RALKNQ  VKSGA

Figure 18: The two alignments merged using SumGap methed eftligning the
common gap.

Then by setting a likelihood threshold one can pick out negi@election of successive
columns) where the likelihood is below the threshold. Theggons can then be re-
aligned using StatAlign once again. This either resultsnegion with a higher overall
likelihood and this will replace the old region or the realitg will not improve the
region and the old region is kept. This approach is calledAStmLowLikelihood-
PairMerger and it is implemented in Harvester.

Figure 19 shows how we end up with a final alignment from thargxta earlier.
The alignment is obtained by using the SumGapPairMerger.
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>1HSTA

S- HPTYSE- M AAAI RAEKSRGGSSRQSI QKYI KSHYKVGHNADL - - QI KLSI RRLLAAGV- - - - - - - -
SHIL_MYTTR

- - KPSTLS- M VAAI TAMKNRKGSSVQAI RKYI LANNKG NTSHL GSAMKLAFAKGLKSGV- - - - - - - -
>H11_ARATH

- SHPTYEE- M KDAI VTLKERTGSSQYAI QKFI EEKRK- ELPPTFRKLLLLNLKRLVASCK- - - - - - - -
>H1_DI CDI

- NHPTYQV- M STAI AHYKDRTGSSQPAI | KYI EANYN- VAPDTFKTQLKLALKRLVAKGT- - - - - - - -
>11 DY

—————— ME- VKKTSWIEEEDRI L YQAHKRLGNRWAEI AKLL PGRTDNAI KNHWNSTMRRKV- - - - - - - -

--------- VRSSAKQEEL VKAFKAL LK- - EEKFSSQGE! VAAL QEQGFDNI NQSKVSRML TKFGAVRT
>MYB3_MAl ZE

------- D- LKRGNFTADEDDL | VKLHSLLGNKWSLI AARLPGRTDNE! KNYWNTHVRRK- - - - - - - - -
>GL1_ARATH

------- N- VNKGNFTEQEEDLI | RLHKLLGNRWSLI AKRVPGRTDNQVKNYWATHLSKK- - - - - - - - -
>MYB3_HORVU

------- D- LKRGCFSQQEEDH! VALHQ LGNRWSQI ASHLPGRTDNEI KNFWNSCI KKK- - - - - - - - -
>MYB2_PHYPA

------- D- LKRG FSEAEENL| LDLHATLGNRWERI AAQLPGRTDNE! KNYWKNTRLKKR: - - - - - - - -
>AHRC_BACSU

--------- MNKGQRH - - | K- | REI | T- - SNEI ETQDELVDM_KQDGYK- VTQATVSRDI KELHLVKV

--------- MNKGQRH- - - | K- | REI | M - SNDI ETQDEL VDRLREAGFN- VTQATVSRDI KEMQLVKV
>ARGR_STRCL

---------------- MARHRRI VDI LN- - RQPVRSQSQLAKL LADNGLS- VTQATL SRDLDEL GAVKI
>G3273713

-------- ENLNPVTRTARQALI LQI LD- - KOKVTSQVQLSELLLDEG D- | TQATLSRDLDELGARKY

Figure 19: The final alignment after merging the full compatsérom Figure 14 using
Harvester with the SumGapPairMerger.

4.6 SpanAlign

SpanAlign is a program written in the perl programming laeqggiwhich integrates the
inputs, outputs and parameters of all the programs usetiddBpannoid alignment.

SpanAlign inputs a fasta file which contains all the sequenee want to align.
It calls ClustalW or ClustalW?2 to create the guide tree foritifgut sequences with
the Neighbour-Joining method. Then it calls the python progbonphy to create the
Spannoid from the guide tree. When bonphy produces the SgghBpanAlign creates
small fasta sequence files for all the full components andsgthem one by one to
that aligning program that was chosen in the command lin@tihe alignments. This
procedure is parallelized, which is advantageous in casechines having more than
one CPUs. When all the small alignments for the full composarg ready, SpanAlign
collects them into one file with the extensidastas. This file is given to Harvester
which merges these small alignments into one final alignniétiie aligning program
chosen is StatAlign, then SpanAlign will calculate the ayppiate MCMC parameters
for all the full components.

When using SpanAlign one has to have ClustalW or ClustalW?2 mhichine and
bonphy.py in the same directory where SpanAlign is and theesgoes for the aligning
program chosen (Mafft/Clustalw2/StatAlign). When we wantrtake SpanAlign run
we have to give it the following parameters in this order:

¢ Input fasta file
e Bonphy method for contracting edges
e A pvalue for bonphy, which has to be 0 for all methods except ot

e A k value, which defines the maximum size of a full component
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e A number which represents the aligning program that we waunsé to align the
full components (0 = Clustalw2, 1 = StatAlign, 2 = Mafft)

e Method for merging the alignments with Harvestep€1 in case of SumGap
and- p=6 in case of low likelihood based merging)
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5 Testing
5.1 BAIIBASE Scoring

When testing the accuracy of a multiple sequence alignmegtam one often uses the
BAIIBASE benchmark. BAIIBASE is a database consisting ofmeultiple sequence
alignments done manually (these will be referred to as eefe alignments). It also
provides a scoring program calléali_score which can compare two alignments by
assigning two scores. One of them is usually the referenmgeraént. The two scoring
methods are thé' P (Sum of Pairs) score and th&C (Total Column) score. They are
defined in the following way.

SP score Assume that our test alignment consists\gfsequences all of length/®.
Furthermore let the corresponding reference alignmensisbof N sequences of
lengthM”. Then the two alignments corresponds t¥ax M? matrix andN”™ x M”"
matrix respectively. Letd;,..., A;n: be the residues in théth column of the test
alignment. Then for each pair of residuds; and A;;, in the¢’th column we define
piji as follows

1 if A;; and Ay, are aligned in the reference alignment
Dijk = .
0 otherwise

The scoreS; for thei'th column is now defined as

Nt Nt

SE=Y" " pijk-

j=1k=1
k#j

Letting ST be the similar score for the reference alignment,Sfiescore is

Mt
> s
_ =1
SP— M ’

DS
i=1

and hencé® < SP <1 and itis the percentage of well aligned residue pairs in¢le t
alignment when compared to the reference alignment.

TC score TheT'C scores compares columns instead of residue pairsClet 1
if all the residues in th¢'th column of the test alignment are aligned in the reference
alignment and”; = 0 otherwise. Then th&'C' score is defined as

M?t
C;
t

TC:;M

We see that < T'C' < 1 and it is the percentage of well aligned columns in the test
alignment when compared to the reference alignment.
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As mentioned in [1] these are not exactly the scores useciveth score program.
The program only takes columns in the reference alignmeataocount if they have
fewer gaps than the gap threshgld which is defined as

. _ | 20N
9= 100 |
where| - | is the floor function. So for th&C scorebali_score only counts the columns

with fewer gaps thagt and forS P only residue pairs in the columns with fewer gaps
thangt are taken into account.

5.2 Bonphy Methods

We will be using thebali_score program to find the optimal bonphy method(s). The
eigth methods listed beneath (enumerated according tolg option of bonphy) are
the bonphy methods taken into consideration.

1. Minimise total length of remaining edges, when they aemses being elongated
to the terminal nodeof incident contracted edges.

2. Minimise total length of contracted edges.

3. Minimise total amount internal nodes are moved, when Hreyseen as being
moved to the leaf an incident contracted edge can trace apatimtracted edges
to.

4. Minimise product of relative length increases for rerrainedges, when they
are seen as being elongated to the terminal node of incidettacted edges.

5. Minimise sum of change in length to power 2 of remainingesdgvhen they are
seen as being elongated to the terminal node of incidentamiet edges.

8. Minimuse maximum increase of lengths of remaining edgben they are seen
as being elongated to the terminal node of incident cordcaetiges; ties are
broken by considering second largest increase and so on.

11. Minimuse sum of pairwise distances in restricted tre@gmwedges are seen as
being elongated to the terminal node of incident contraetiges.

12. Minimuse sum of pairwise distances in the restricted, treghen uncontracted
edges are seen as being elongated to the terminal node démaontracted
edges.

The course of optimising the bonphy method is the followiBgarting with a set
of n sequences a guide tree is obtained by Clustal using thededithim, edge con-
tractions and decomposition intdaSpannoid is done using the eigth different bonphy
methods and fok = 3,...,n, the components are aligned using Clustal and finally
the components are joined together using the SumGapPajevief Harvester. These
8x (n+1-3) final alignments were all scored against the referencermlégn using the
bali_score program. This was done using two families, the first bddigy fam which
has 74 sets of sequences where each set consists of at lezsjuehces. The second
is calledmidsize_fam which has 27 sets of sequences with less than 11 sequences in
every set. Since the number of sequences vary for everyeeatiok /» is computed
and a plot of the score agairistn is done in Figure 20 and Figure 21.
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SP scores for eight bonphy methods (big_fam)
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Figure 20: Showing th& P score against BAIIBASE for the big_fam family for various

bonphy methods with regression lines.

SP scores for eight bonphy methods (midsize _fam)
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Figure 21: Showing th& P score again BAIIBASE for the midsize_fam family for

various bonphy methods with regression lines.

In case of thebig_fam family we see that the best methods are 2 (black) and 12
(purple). Fork/n values between 0.1 and 0.8 they are doing far better thantaey o
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method and when approaching 1 all lines except for methodddne) meet at ap-
proximately the same value. Moving on to thmdsize fam family again we see that
method 12 (purple) is on top with method 4 (blue) just belawMethod 2 (black) is
doing very poorly for this family, and should not be used fetssof sequences with
less then 11 sequences. Since method 12 is being superinibe case of less than
11 sequences and more than 11 sequences this will be a metoddider the most
optimal.

Another way to choose the optimal method is to compare thédlitmments with
the alignment got from using Clustal on the whole set of seges. We will again use
the bali_score program to score our alignments with the one from Clustak fidsult
for thebig_famfamily is shown in Figure 22 and the result for tmedsize fam family
in Figure 23.

SP scores against Clustal for eight bonphy methods (big_fam)

1.0

0.97

0.8

0.7

0.6
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bali score

0.4+
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017

0.0+ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1.0
k/n

e 2 eee 3 e g

oo g

n = 12

bonphy_method e 1
5
Figure 22: Showing thé& P score against Clustal for the big_fam family for various
bonphy methods with regression lines.

From these two figures we get two conclusionsk /i = 1 thenk = n and this
means that our component sizes are allowed to be as big asitfigen of sequences,
hence no matter which bonphy method is used, we should getamponent of size
n containing all sequences. This means that the alignmentevesing SpanAlign
should be exactly the same as the alignment got using CluBitrlthis is just not the
case, since the score is not 1. So ko= n bonphy clearly has some kind of error,
since it does return the right phylogeny. But we are stileabl compare the different
methods and see which of the method that is closest in avésabe original Clustal
method. Again we see that method 12 is superior in both camkwa must conclude
that this is the best method out of all eight.
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SP scores for eight bonphy methods (midsize_fam)

094
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Figure 23: Showing thé& P score against Clustal for the midsize_fam family for vari-
ous bonphy methods with regression lines.

5.3 Optimisation Of StatAlign
5.3.1 Data Collection

Using the likelihoodMerger of SpanAlign results in many sumith StatAlign. First
we use StatAlign to align the sequences in the full compadmnit depending on
the k value this will often only be a couple of sequences with ndrpnatein length.
After Harvester collects and joins the component alignmertb one alignment it will
call StatAlign to realign some regions with low likelihoodh this case what needs
to be aligned are shorter regions but it involves all of thguemces. Being a statistic
alignment method StatAlign is quite slow. If we want to hawveefficient method for
the spannoid alignments using StatAlign, we have to knovatipgopriate burn in and
cycle number values in case of a given size of alignment.

We decided to optimise the running parameters on alignntdi®s6, 9, 12 and 15
sequences with lengths 3, 10, 29, 66, 127, 218, 345. In catbe dbnger alignments
we did not run StatAlign on more than 6 sequences, becauseuidvhave taken too
much time. We got the smaller alignments by cutting out thetrdd size of alignment
from the BAIIBASE alignments. When using StatAlign on thesgsences we did
not use any burn in value and used a very high cycle numberderdo make sure
that the loglikelihood data would have converged. Table ritaios the used running
parameters for StatAlign.

5.3.2 Loglikelihood Method

At first we tried to use the loglikelihood values to get the ryppiate cycle numbers for
burn in and for the amount of cycles after burn in for he défarkinds of alignments.
For every alignment we searched for the highest loglikelthealue (maximum) among
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Number of sequences

ASL 3 6 9 12 15
3 0,10,10 0,15,10 0,20,10 0,25,20 0,30,10
10 0,20,20 0,30,20 0,40,20 0,50,20 0,60,20
29 0,40,40 0,60,40 0,80,40 0,100,40 0,120,40

66 0,100,50 0,200,50 0,500,50 - -
127 0,500,50 0,1000,200 - - -
218 | 0,1000,500 0,2000,1000 - - -
345 | 0,2000,1000 0,4000,2000 - - -

Table 1: The running parameters for StatAlign for differantnber of sequences and
average sequence length (ASL). The first parameter is theibuthe second is the
cycle number (shown in thousands) and the last is the cytde ra

all the samples. We calculated the average and the staneaiatidn of the values of
the samples after the maximum (we supposed that here thkdlighod values are
converged already). After this we searched for the indexeffirst sample that had
a loglikelihood value above the calculated averge minusdingation. Finally we
multiplied this index with the sampling rate used in casehef given alignment. For
every different alignment with the same size we got a cyclaler value for the burn
in by this method, and we calculated the burn in cycles neéalethe given size of
alignment by calculating the average of these data and gdgirtheir deviation two
times. With this method we couldn’t get reliable data, theiakton of the burn in
values got for the same size of alignment was extremely langesometimes we got
huge numbers for very small alignment sizes and smalleegdior bigger sizes. The
results of this method were ignored.

5.3.3 Alignment Based Method

We then decided to use the alignments themselves to get therband cycle number.
We used the final MPD (Maximum Posterior Decoding) of the given and all the
MPD alignments of the samples (we had these in the .log fileduymed by StatAlign).
The bali_score program then compared the MPD alignments of the sampleseto th
final MPD alignment. We agreed on using 8% score of 0.80 as the lower bound
for the burn in, meaning that once a given sample MPD has eghahS P score of
0.80 we should stop the burn in. When 0.80 was reached we sbegid sampling
and we decided that we would stop sampling whert#hscore of 0.95 was reached
and hence we got the cycle number. The 0.80 SP was obtainexhiiréng several
loglikelihood files by eye and find the sample which seems tatliiee end of the burn
in on the loglikelihood graph. This samples MPD alignmert ha averagé P score
of 0.80 compared to the final MPD alignment of the run.

After we figured out the two borderline values, we wrote a paag that goes
through the .log file of a given run and scores the MPD alignnodrthe samples
against the final MPD with thiali_score program. We found that by plotting theP
score against the sample number did not give a strictly asing graph. When trying
to find the burn in value, we searched for the index of the fast@e whose alignment
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scored at least 0.80 against the final MPD. In case of the dgtd numbers we went
through the .log file from the end and searched for the indethaf sample whose
alignment scored less than 0.95 for the first time. At first vemted this second value
to be 1.00, but in this canse we often got very huge cycle nusribecause in most
cases there are several almost equally scoring and eqikelly Alignments competing
for being the MPD, and hence the MPD is changing even afterahig amount of
cycles.

Once we retrieved these indexes for all the test alignmevismultiplied these
indexes with the sampling rate used for the given size ohalignt and calculated the
average for the burn in value and the cycle number for eves. dmportant to know
is that these values are still overestimating both the buand the cycle number after
burn in, because we did not use any burn in when testing, acalise of this a lot of
bad samples are taken into consideration which cause thectéinal MPD alignment
to appear later. We do not know anything about the sequeradtiglof our data, so we
can not estimate the level of segence identity for which tideutated cycle numbers
are enough in case of a given size of alignment. The numberatésneeded to reach
the upper bound of 0.95 is shown in Table 2. Here we discaiuedesults from the
small alignments, since the score of 0.80 and 0.95 was rdacliee same cycle which
would mean that the total cycle number should be 0.

Number of sequences

ASL 3 6 9 12 15
3 - - - - -
10 - 10800 13200 19200 31500

29 13200 25600 30100 38000 45000
66 41400 82500 194300 - -
127 | 107800 436800 - - -
218 | 249800 448600 - - -
345 | 440000 1905000 - - -

Table 2: The total cycle number needed to reacht&hscore of 0.95 of the MPD
alignments (rounded to hundred). Here ASL means Averagaeseg Length.

From the data in Table 2 we found a connection between the eyainber after
burn in, the number of sequences in a given alignment andvwiiage length of the
sequences. We got the following formula

X =1.1Y.1%3.200, )

where X is the cycle number after burn idy the number of sequences ahdthe
average sequence length. The number of burn in cycles sheuldlf of the cycle
number after burn in, and the sampling rate should be giveh gat we gain at least
100 but not more than 200 samples. We agreed on having a sannate of X/200.

Our results for the burn in plus the samples after burningugiie formula in (2)
(though multiplied by 300 instead 200, becausés only the number of cycleafter
the burn in) is seen in Table 3.
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Number of sequences

ASL 3 6 9 12 15
3 1666 2217 2951 3927 5227
10 7967 10604 14114 18786 25004
29 31799 42325 56334 74981 99800
66 92620 123278 164083 218394 290682
127 | 216892 288684 384238 511421 689701
218 | 437817 582735 775620 1032350 1374058
345 | 795178 1058381 1408706 1874987 2495608

Table 3: The total cycle number needed to reacht@&hscore of 0.95 of the MPD
alignments (rounded to hundred). Here ASL means Averagae®eg Length.

5.4 StatAlign Performance

The performance of StatAlign is of course of highly impodarto the performance of
SpanAlign when using StatAlign on the full components. 8ino previous test of the
performance of StatAlign was done, we decided to compar&talign alignments
to that of Clustal and Mafft. The reasons for choosing thegedlignment programs
is that Clustal is the most commonly used and Mafft, accgrdiinthe analysis in [7],
is one of most accurate programs available. We ran StatAdustal and Mafft on
80 families from BAIIBASE, where 75 of them were from tReference 1. Reference
1 contains alignments of (less than six) equi-distant secgge That is the percent
identity between two sequences is within a specified ranbeséd ranges are grouped
by < 25%, 20% — 40% and> 35%. SP scores for StatAlign, Clustal and Mafft for
these families are shown in Figure 24.

We clearly see that StatAlign is doing much better than @lustoring on average
0.2 points higher in th& P score according to the smoothing spline. The plot also
shows that StatAlign is doing better than Mafft on the firsts#uences and for the
rest Mafft scores higher. Looking at the differencesSift scores, namely Pstataiign —

S Puafit and.S Pstataiign — S Peiustan We get the plot seen in Figure 25.

Again we see that StatAlign performs much better than Clust the fitted spline
for difference between StatAlign and Mafft is slightly aleozero for the firsB0 —
35 families and after that slightly below zero. This is proyabkecause the first 26
sequences are of short length, the sequetited?7 are medium length and the lagt—
80 are quite long. So it seems like StatAlign is doing best foaktength sequences
and for longer sequences Mafft is the best. A possible esfilam for why this is
the case could be the parameter choices for the MCMC (Mark@irOMonte Carlo)
method used in StatAlign.

As seen in Table 4 the MCMC parameters for the StatAlign ruasevbased on
heuristics and not the analysis given in Section 5.3. Teieteems likely that if the
parameters were chosen according to methods describedtinrss.3 we could have
gotten a better result. For sake of completenesgtfiescores for StatAlign, Mafft and
Clustal are shown in Figure 26 and their respective diffeeen Figure 27. Both plots
show exactly the same trend as discussed before, althoaghi§h seems to be doing
a little better for the long sequences.

29



Stefan Hansen, Rita Pancsa & Marcus Webb Spannoid Alignment

SP scores for StatAlign, Clustal and Mafft
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Figure 24: Showing th& P scores for StatAlign (black), Mafft (red) and Clustal (Hlue
for 80 protein families with number of sequences less thaeqoial to 6. Smoothing
spline fitted using =sn60 in SAS.

Difference in SP scores for StatAlign and Clustal, StatAlign and Mafft

101
091
081
071
061
057
041
03]
021
01]
001 "

—o1] .

-02]

_03,

-04]

_05,

-061

_07,

-08]

-091 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

0 10 20 30 40 50 60 70 80

bali score

family

Figure 25: Showing the difference $1P scores for StatAlign and Mafft (black) and
for StatAlign and Clustal (blue) for 80 protein families twvitumber of sequences less
than or equal to 6. Smoothing spline fitted usings n60 in SAS.
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n<b5j n>>s
ml < 150 (50.000,1.000.000,500)  (200.000,2.000.000,500)

150 < ml <300 (100.000,1.500.000,500) (200.000,2.000.000,500)
300 < ml (100.000,2.000.000,500) (200.000,2.000.000,500)

Table 4: MCMC parameters for the StatAlign runs. Heiis the number of sequences
andml is the maximum length of the sequences in the given familg firkt parameter
is the burn-in, the second is the cycle number and the thitteisample rate.

TC scores for StatAlign, Clustal and Mafft
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Figure 26: Showing th&'C scores for StatAlign (black), Mafft (red) and Clustal (Blue
for 80 protein families with number of sequences less thaaqoial to 6. Smoothing
spline fitted using =s60 in SAS.

All'in all we are quite confident that by choosing optimal paeders for StatAlign
you will get the best result among any multiple sequenceaignt programs available.
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Difference in TC scores for StatAlign and Clustal, StatAlign and Mafft

1.04
0.9
081 "*
0.74
0.6+
0.51
0.4
03{  T—— -
0.2 . -
0.1
0.0 «-°"-""°
_01 4
-02] .
_03 4
—-04-
—-05-
—-06
_07 4
_08 4
_09 4
-104 : : : : : : : :
0 10 20 30 40 50 60 70 80

bali score

family

Figure 27: Showing the difference $1P scores for StatAlign and Mafft (black) and
for StatAlign and Clustal (blue) for 80 protein families twvitumber of sequences less
than or equal to 6. Smoothing spline fitted usings n60 in SAS.

5.5 SpanAlign

We will now test our alignments using various methods andpama them to that of
Clustal and Mafft. We will be running the methods on 29 faesilfrom BAIIBASE and
scored the alignment using tbeli_score program, and the methods used are

1. Clustal on the full components and the SumGapPairMerdgar method 12 of
bonphy and:c = 4, 5.

2. StatAlign on the full components and the SumGapPairMarite method 12 of
bonphy and:s = 4, 5.

3. StatAlign on the full components and the SumGapPairMengi method 12
of bonphy andk = 4,5. Furthermore using the realignment of low likelihood
regions.

In Figure 28 are shown th&P scores for the methods just mentioned along with
the scores using only Mafft and Clustal on the families. Igufé 29 are shown only
the fitted smoothing splines for our methods.

We see that the results does not vary much between our sedgaesthods. We do
not seem to get a much better result using StatAlign on thednhponents rather than
Clustal which is a surprise. Although we are doing much wohse& both Mafft and
Clustal we see that in a few cases we are able to score bettebtith. One possible
explanation for this is that the full components are not liguegh. Even though setting
k = 10 we are not ensured of getting any components of size 10. \Wel gast as
easily get components of size less than 5. In Figure 30 wehgescbres using Clustal
on the components with = 4,5,7,10. Even thought = 10 (green) seems to get a
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SP scores for various methods including Mafft and Clustal
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Figure 28: Showing thé& P scores for Mafft (black), Clustal (red), Clustal on compo-
nents (bluekt = 5 dashed), StatAlign on components with likelihood (grefers 5
dashed), StatAlign on components without likelihood (peirp = 5 dashed).

SP scores for various methods without Mafft and Clustal
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Figure 29: Showing only the fitted smoothing spline for Cilisin components (blue,
k = 5 dashed), StatAlign on components with likelihood (grekn= 5 dashed),
StatAlign on components without likelihood (purple= 5 dashed).
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better results overall, the difference is not very signific&dVe would have expected, as
k increases, the scores would tend to the scores of runnirygQlaktal on the whole
family. This does not seem to be the case, and maybe anotheofa@btaining a
spannoid should be considered.
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Figure 30: Showing thé& P scores for 46 families using Clustal on the components for
k = 4 (black),k = 5 (red),k = 7 (blue) andk = 10 (green).
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6 Conclusions

Looking back we are pleased with the outcome of the projdtttpagh we had hoped
for a better performance by our SpanAlign program. As se&eittion 5.5 we are far
behind both Mafft and Clustal scoring wise and as Figure 3Qvstthere is not clear
pattern of the scores whénincreases. If the idea of doing edge contractions to obtain
a k-restricted Steiner tree was guaranteed to provide us sitmany components of
sizek as possible, then maybe the performance would have been diftertent. The
problem is that if we, for instance, pkit= 10 we do not have any clue of the sizes of the
components. We could have gotten 15 components of size Zwildald mean that we
are doing 15 pairwise alignments and of course the finalreslibe bad. If we would
instead have gotten 2 components of size 10 and 5 respgotweivould have used
the alignment programs to their fullest potential. Becahseengine behind the idea is
still the alignment programs, when they are doing their jolthe full components and
we want to utilize this to its fullest. This is discussed ircten 7.

A minor disappointment in our results was that, as seen inrgi@9, there was
not much of a difference made between any of our differentods of merging the
spannoid. Even when we realigned low likelihood regionshef alignments as we
went along, it did not make much of a difference to the fingjrainent (although it did
make a major difference to the time taken to run). We suspattthe spannoid we
use greatly affects the final outcome, and since the edgeamtioin method does seem
to output random component sizes, we should attempt differeethod of spannoid
production for further work, as is described in Section 7.

We also wanted to align a thousand sequences before the #rid pfoject, but we
had some problems with bonphy. An error occured randomlynwvityéng to align more
than 50-80 sequences, and thus stopping us from reachihgaak If a correction of
that error is made to bonphy it should be able to align a thedisaquences in a fairly
short amount of time.

Implementing Harvester in an object oriented manner hastlaé a flexible pro-
totype making modifications possible, so we think that amthfer work on Harvester
would be very straighforward, and although no formal docuotatton was left, this
report explains some of the methods used and there are casmithesughout the code.

The analysis of the MCMC parameters was a success. A goadatstiof the
required parameters for an alignment from a convergentmnaxi posterior decoding
was made in the form of a function exponential in the numbeseafuencesv and
almost linear in the length of the sequendesHopefully these results will be used in
any future research using the StatAlign software.

The spannoid idea is a good one, but to utilise its potentity further work is
required. We would like to thank Adam Novék, Rune Lyngsg, aotlin Hein, for
helping us to complete this project.
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7 Future Work
7.1 Bonphy Optimisation

As mentioned a problem with bonphy is that for a givemalue is does not guarantee
the sizes of the full components. Ideally we would want asym@mponents with the
sizek (or as close td:) as possible. One way of doing that would be to let bonphy
compute the full components and then merging the full coreptsalong the phylo-
genetic guide tree until the desired size is reached. Samgieet of full components
one should start from the leafs and move up according to thiedree. If we had put
k = 6 and gotten the spannoid shown in Figure 13 we could mergedimpanents
to increase their size. Starting from the leaves and mergpwiards we would get
the components {IHSTA, H11 ARATH, H1 DICDI, H1L MYTTRLIDY}, {ARGR
STRCL, G3273713, AHRC BACSU, ARGR BACST, 1AOMDY }, {MYB3 MAIZE,
MYB3 HORVU, MYB2 PHYPA, GL1 ARATH } and {GL1 ARATH , 1IDY}. So in-
stead of nine components of size 2 and 3 we get four componésize 5, 6, 4 and 2
respectively. By optimising the component sizes to get asectok as possible, first
of all the user has more power of the method and we utilizeligeraent programs on
the components to their fullest.

7.2 Alternatives To Bonphy
7.2.1 Inferring Internal Nodes

Bonphy works by minimising the change to a guide phylogengeba spannoid. A
method suggested that wouldn't modify the guide tree wodddinfer the internal
sequence nodes rather than contract them. An advantagisfisal alignment is that
the most probable ancestral sequences can be inferredtisatignment process. Us-
ing this, we would align k-1 neighbouring leaves of the plggoy and get an alignment
of these k sequences plus an inferred sequence for the rbdmtaubphylogeny. This
could be done until there are no leaves that are not in aneligomponent. Then the
procedure could be repeated for the inferred internal nadéka k restricted steiner
tree i.e. a spannoid is created. Then the current Harvesieegure can be done and
the inferred sequences can be removed from the final alignmen

A problem with this may be that we have sequences that angéaférom an align-
ment of inferred sequences which are in turn inferred fronalignment of inferred
sequences and so on. There is some error involved in thersezpianferred, and this
can only be propagated by repeatedly inferring more seeseinom them. However,
we do not disturb the phylogeny at all, which is a major adzget

7.2.2 Making A Spannoid By Clustering From Pairwise Distance

One could totally avoid the idea of a guide phylogeny altbgetind create the span-
noid in the following way. Plot the sequences on the planegisie pairwise distances
as in UPGMA clustering. Then using some optimisation tegh@j separate the se-
guences into clusters with a common sequence between meighd clusters. Then
we have a spannoid. If one requires a phylogeny from this, gaud create sub-
phylogenies from the clusters and then combine them intdl @liylogeny using the
common sequences.
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Figure 31: Sequences 1 and 2 are aligned and the root seqgisentéarred (©). The
same is done for sequences 3 and 4 and then the two inferredrsasg are aligned as
the third component, giving a 3-spannoid with componentizds 3, 2 and 3.

7.2.3 Taking Alignment Samples For Random Spannoids

Another idea is to generate random spannoids with the diwerlue, it would mean to
pick £ amount of sequences randomly, choose one of them randoréyttee common
sequence with the next full component, and then chéosel sequences randomly to
fill the the second full component, and choose one of the segsaalready used in the
first two full components to be the common sequence with tind thil component.

If we compute the final alignment for these full componentthwdarvester and do
the whole procedure many times, than we could gain a lot ghatients for the same
set of sequences and then find a kind of consensus alignmiret @nd with the same
method that StatAlign finds the actual MPD alignment fromgheples. We did the
first part of this method, we have a program, that generatetora spannoids for a list
of sequences with a givenvalue, aligns them (we used Mafft when aligning the full
components and Harvester to merge the small alignmentsthétisumGap merging
method), and gives a list of alignments as an output. We dbaa the part that could
combine these alignments into a consensus alignment, loutriopinion it would be
great to see if this idea would work.

What was surprising is that we scored these alignments aghieBAIIBASE
alignment of the same sequences and sometimes we got qodegsults with a ran-
domly generated Spannoid. The average quabtf &core) of these alignments was
lower than the quality of the alignment gained with the Saghiproduced by bonphy.
It would be great to see what quality we can reach with a cangealignment from
these samples.

In Figure 32 we see a plot of th&P score for three families using a completely
random spannoid (black dots) and the eight bonphy methadsdots). A total of
500 random spannoids were created and scored bsingscore with Mafft running
on the full components and the SumGap merging method. We\yckse a correlation
between score and alignment length, so if we were to samploraly among the
spannoids we should try to minimise the total length sincgwhil most likely give a
better consensus alignment. We suspect that the averagesd@ignments would not
increase much, but the deviation of scores for the alignsnewoiuld be less because
bad alignments caused by a randomly bad spannoid wouldr@ealied.

7.3 Edge Lengths

An improvement to Harvester would be to incorporate edggtlenin the spannoid
data structure. The edge length between two componentd beutlerived from the
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SP scores against length of alignment for 1aboA SP scores against length of alignment for 1csy
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Figure 32: A plot ofS P score against the length of the alignment for the three famil
laboA, lcsy and 1havA using the random spannoid approaehbl@bk dots represent
the score using a random spannoid and the red corresporasdodre using the eight
bonphy methods.

distances in the-restricted steiner tree output from bonphy. This wouldegbne
advantage to the approach taken by bonphy and it would bdestmpmplement. The
edge length could be the average or the sum of the distarwradtie common sequence
to its neighbours as in Figure 33.
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Figure 33: The edge length between these two componentd beutiefined as the
mean or sum of the dotted edge lengths in the steiner tree.

Harvester could use the edge lengths to make decisionsddngahe final align-
ment or for the order in which to align sequences, if furtherkngave evidence for a
heuristic on that. So parameter estimation and annotatiold eise these edge lengths,
as explained below.
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7.4 Parameter Estimation

One thing that most certainly needs to be implemented in Sjgmis the ability to
output parameter estimatates for the substitution, ilgegnd deletion rates. Since
StatAlign also does samples of the parameters one couldedimiibwing. After run-
ning StatAlign on the components we get a .log file for eachpmmment which con-
tains estimates of the insertion and deletion rates foryes@mple. Assume we have
components’y, ..., C, of sizecy,...,c, respectively and that we dg samples on
component’;. Then a fair estimate of the insertion rateand deletion ratg,; for the
7'th component would be the arithmetic mean, that is

si

~ 1 ~ )
A = — )\ij7 for”L:L...,n7
Si
j=1

WhereXij is the parameter estimate for the insertion rate initihecomponent for the
j'th sample. Similarly for the deletion rate we get

Si

1
; = — n;5, fori=1,...,n,
fii Si;u”

wherefi;; is the parameter estimate for the deletion rate inittfhlecomponent for the
j'th sample. We then need to combine the parameter estimatdeeacomponents to

an estimate on the whole phylogeny. The subphylogeny quuretng to the compo-
nentC; would havec; — 1 pairwise alignments (here we mean that we have a pairwise
alignment if and only if there is an edge between the two secg®in the subphy-
logeny). Using this as a weight for the components we getrpaier estimates by
taking a weighted average over the components

and

D e
a Z?:l(ci -1)

This approach would be fairly easy to implement in Harvester

7.5 Annotation

It would of course be great to see if annotation could be appb the spannoid frame-
work. Since aligning lots of sequences can be very helpfabimection to annotation
the spannoid technigue would come in handy. This idea was tedvked on alot and
is not something we had to time to cover.

One idea would be to use a statistical program called Bigteoahnotate the com-
ponents and this will give a posterior distribution of thenaration on each compo-
nents. So doing this with one component at first one can usgasterior distribution
as a prior distribution on the next component and thus oiotgia posterior distribution
on this component and so on. What it requires is BigFoot to itakeprior distribution
and since it does not currently accept this a modificationlvba needed.
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A Appendix

This is the documentation for the two programs we wrote fig gnoject. The first
being SpanAlign and the second being Harvester.

A.1 SpanAlign Source Code

#!lusr/bin/perl
use File::Copy;
use Thread qw(async);

use warnings;
use strict;

# Here we make sure, that all the parameters needed are given

if ($#ARGV < 4 ) {

print "usage: SpanAlign.pl fastafile(all seq) bonphyetinod bonphy_p_value bonphy_k_value alignmentmethod
\nalignmentmethods: \nClustal = 0\nStatAlign = 1 burn_tycles sampling_rate harvester_opts";

exit;

}

my $fasta_file = $ARGV[O];
chomp $fasta_file;

my $bonphy_method = $ARGV[1];
chomp $bonphy_method;

my $bonphy_p_value = $ARGV[2];
chomp $bonphy_p_value;

my $k_value = $ARGV[3];

chomp $k_value;

# Here we define variables for calculate the mcmc cycle bems, this is only needed
# in case o using StatAlign to align the fullcomponents.

my $faktor = 200;

my $sample_num = 200;
my $fA 1.1;

my $fB 1.3;

my $harvesteropts = "";
my $alignment_command = "";

# In case of the different aligning programs we have to usiéferent command when aligning the fullcomponents.
# Here we chose which command should be used later.

if ($ARGV[4] == 0) {
$alignment_command = "ClustalW2INFILE=infile —OUTFILE=outfile —OUTPUT=FASTA—ALIGN";
} elsif ($ARGV[4] == 1) {
$alignment_command = "javaXmx512m—jar statalign.jar infile—ot=Fasta—mcmc=";
$harvesteropts = $ARGV[5];
chomp $ARGV[5];
$harvesteropts =~s/_/ /g;
Yelsif ($ARGV[4] == 2) {
$alignment_command = "mafft—auto infile > outfile";
}

# Here we eliminate vertical lines from the names of seques,
# because they would cause serious problems later. Thispsts important because
# in uniprot database in the headerline of every entry theare vertical lines.
chomp $alignment_command;
open (FST," $fasta_file");
my @fst = <FST>;
close (FST);
open (FSTA,">$fasta_file");
for (my $i=0; $i<@fst; $i++) {
$fst[$il=~s/\|/_lg;
print FSTA $fst[$i];
}
close (FSTA);
#Here we call Clustalw or ClustalW2 to create the guide ereith the neighbour joining method.
‘clustalw —INFILE=$fasta_file —TREE";

print "Guide tree created.\n";

my $tree_file = $fasta_file;
$tree_file =~s/\. fasta/\.ph/g;

my $bonoutfile = $tree_file;
$bonoutfile =~s/\.ph//g;

$bonoutfile = $bonoutfile."_s".$bonphy_method."_ksk_value.". bontree";

my $testfile = $bonoutfile;
$testfile =~s/\. bontree/\. test/g;
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my $scorefile = $bonoutfile;
$scorefile =~s/\. bontree /\. msf/g;

# Here we call bonphy to make the edge contractions in theédgutree, creating a Spannoid.
# The method chosen and the k value have to be given to thegram before.

if ($bonphy_p_value == 0) {

‘python ./bonphy.py—s $bonphy_method-k $k_value—t $tree_file > ./ $bonoutfile ‘;
}

else {

‘python ./bonphy.py-s $bonphy_method $bonphy_p_value& $k_value—t $tree_file > ./ $bonoutfile *;
}

print “Bonphy created spannoid.\n";

open (SPAN," $bonoutfile");

my @spannoid = <SPAN>;

close (SPAN);

open (FASTA," $fasta_file");

my @fastak = <FASTA>;

close (FASTA);

my @span;

$bonoutfile =~s/\. bontree//g;

my $fastas_out_file = "./". $bonoutfile.". fastas";
open (ALNFASTAS,">$fastas_out_file");

my $fasta_dir = $bonoutfile." _fastas";

unlink glob “"$fasta_dir#+";
rmdir $fasta_dir;

mkdir $fasta_dir;

# In the following two for loops we go through the bonphy tput file , the Spannoid,
# and creat small fasta files containing the sequencesowné fullcomponent.
# We create a separate fasta file for every full component

for (my $h=0; $h<@spannoid; $h++) {
chomp $spannoid[$h];
$span[$h] = $spannoid[$h];

for (my $i=0; $i<@span; $i++) {
my @names = ();
chomp $span([$i];

$span[$il=~s/;//g;

$span[$
$span[$

sIM(/1g;
s/\)$/lg;

my @telj_sor = split(’’,$span[$i]);
my $num_brac = 0;
for (my $j=0; $j<@telj_sor; $j++) {
if (($telj_sor[$j] eq ")") [|($telj_sor[$j] eq "(")) {dum_brac++}
}
if ($num_brac != 1) {
$span[$il=~s/\(//g;
$span[$il=~s/\)//g;
my @egys = split(',’,$span[$i]);
for (my $j=0; $j<@egys; $j++)

{
my @egynev = split(’:’,$egys[$j]);
push (@names, $egynev[0]);

else {
#print $span[$i], "\n\n";
my @egys = split(’\)’,$span[$i]);
push (@names, $egys[1]);
#print $egys[0], "\n\n", $egys[1], "\n\n";

my @elso_nev = split(':',$egys[0]);
push (@names, $elso_nev[0]);
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my $filenev = "temp".$i.".seq";

open (F,">$fasta_dir/$filenev");

for (my $j=0; $j<@names; $j++) {
my $name = $names[$j];

#print $name, "\n";

my $print = 0;

for (my $k=0; $k<@fastak; $k++) {

chomp $fastak[$k];

if ($fastak[$k]=~m/*>/) {
if ($fastak[$k]=~m/$name/) {

component

$print = 1;
}
else {$print = 0}
}
if ($print == 1) {print F $fastak[$k], "\n"}
}
}
close (F);
}
# In the next for loop we go through on all the small fastalefd , open them,
# count the sequences and calculate the average sequésmmgth in them.
# From these data we can calculate the mcmc parameters efoary full
# and the give them to StatAlign, or any of the methods amsto align them.
# These alignments can be created paralelly on machinelsat have more CPUs.

my @intostat = <$fasta_diw/. seq>;

my @threads = ();
my $alignment_command_with_file = $alignment_comman

for (my $i=0;

$i<@intostat; $i++) {
$alignment_command_with_file = $alignment_command;

chomp $intostat[$i];

my $input_file = $intostat[$i];

my $length_sum = 0;

#count the number of sequences in the file

open (TOCOUNT, $intostat[$i]);
my @to_count = <TOCOUNT>;

my $count = 0;
for (my $k = 0; $k <@to_count; $k++ ) {
chomp $to_count[$k];
if ($to_count[$k]=~m/~>/) {
$count++;

}
it ($to_count[$k]=~m/~[AZ]/) {

$length_sum += length ($to_count[$k]);
}

close (TOCOUNT);

my $avg_length = int($length_sum/$count);

my $cyclenum = int($faktot($fAx=$county($avg_lengthkx$fB));

my $burnin = int($cyclenum/2);
my $samp_rate = int($cyclenum/$sample_num);

$alignment_command_with_file =~s/infile/$inputléi/g;

my $output_filel = $input_file;
my $output_file2 = S$input_file;
$output_filel =~s/$fasta_dir\///g;
$output_file2 =~s/$output_filel//g;

my $output_file = $output_file2."alignments/". $Soutp filel;

mkdir $output_file2."alignments";

$alignment_command_with_file =~s/outfile/$outpdile/
$alignment_command_with_file = $alignment_commawiith

my $tmpthread = async {
‘$alignment_command_with_file ‘;
print $input_file , "\n";
b

push(@threads, \$tmpthread);
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#wait for components to be aligned

for (my $i = 0; $i < @threads;
${$threads[S$i]->join;
}

$i++) {

if ($ARGV[4] == 1) {
‘cp $fasta_dirk.mpd $fasta_dir/alignments/‘;
}

# In the next for loop we collect all the small alignmentstd one big file with the extension

.fastas .

# This will be given to Harvester to merge these small alitents.

my @intoharvester = <$fasta_dir/alignmenss,

for (my $i=0; $i<@intoharvester;
chomp $intoharvester[$i];

$i++) {

my $akt_file = $intoharvester[$i];
open (ALN," $akt_file");

my @akt_file = <ALN>;

close (ALN);

print ALNFASTAS "x", "\n";

print ALNFASTAS @akt_file;
}

# We give the

.fastas file to Harvester and define the mdtlof merging for it,

# which was chosen by the user and read from the commane lin

‘java—jar harvester2.jar $fastas_out_file $harvesteropts ‘;

A.2 Harvester Source Code

Harvester is an object oriented Java program. Here is a diagsam for clarity:

harvester

spannoidStructure \

44 Spannoid > SpannoidComponent > Alignment ‘

ReadWriteTools

Sequence

mergers ‘

pairMergers
LeafM: O
Merger <t+------ PairMerger
merge(Spannoid) N~ __ merge(Alignment, Sequence, Alignment, Sequence)
getCliqueMerger() MostHyperMerger A A

cliqueMergers

’ Abstract

I
1
RealignGapsPairMerger |

BasicCliqueMerger

LeastGapsCliqueMerger ‘

Abstract
CliqueMerger

’ MAFFTAIignGapsPairMerger‘

1
|
|
|
N L |
’ StatAIignGapsPairMerger‘ SumGapPairMerger l,
|
|
|
|

’ StatAIignLowLikeIihoodPairMerger‘

likelihoodStrategies

edgeLenéthStrateéies

Abstract
LikelihoodStrategy
7 R

MinimumLikeIihoodStrategy‘ ’ ProductLikeIihoodStrategy‘

O

EdgelLengthStrategy
calcula(eLenglh(A%nmem, Alignment)
I

’ NullEdgeLengthStrategy ‘

Figure 34: Class diagram for Harvester.
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This is the help file:

Usage: java -jar harvester2.jar [-i=]inputfile [-o=outfile]
[-memerger] [-c=clique nerger] [-p=pair nerger] [-e=edge |ength strategy]
[-1=likelihood strategy] [-t=likelihood threshold]

pair merger:

SunGapPai r Mer ger Basi ¢ (defaul t)
MaxGapPai r Mer ger Basi ¢ (renoved)

W ndowi ngPai r Merger (not finished)
MaxGapPai r Mer ger Scored (not fini shed)
St at Al i gnGapsPai r Mer ger

St at Al i gnLowLi kel i hoodPai r Mer ger

OUhhWNE

clique nerger:
1 Least Gapsd i queMerger (default)
2 Basi cC i queMer ger

ner ger:
1 Leaf Merger
2 Most Hyper Merger (default)

edge | ength strategy:
1 Nul | EdgeLengt hStrategy (defaul t)
2 Number O SequencesEdgelLengt hStr at egy

l'ikelihood strategy:
1 ProductLi kel i hoodStrategy (default)
2 M ni nuntLi kel i hoodSt r at egy

i kelihood threshol d:
Type Fl oat between 0 and 1, default O0.5F

Spannoid Alignment

A.2.1 Harvester Package

This package contains 2 miscellaneous classes.

App Class This is where the program is entered from the command line.

public class App {

protected Merger merger;
public static Point reAlignmentsAccepted sew Point(0, 0);

public static void main(String[] args)throws IOException {

//read options input from command line
Options opt =new Options(args, Multiplicity .ZERO_OR ONE, 0, Integer .MAXALUE);
opt.getSet()
.addOption("i", Separator.EQUALS)
.addOption("o", Separator.EQUALS)
.addOption("m", Separator.EQUALS)
.addOption("c", Separator.EQUALS)
.addOption("p", Separator.EQUALS)
.addOption("e", Separator.EQUALS)
.addOption("1",
.addOption ("t

Separator .EQUALS)
", Separator .EQUALS);

OptionData opdat;
String infile = H
String outfile =
String mergerno = "0";

String cliqueMergerno = "0";

String pairMergerno = "0";

String edgelLengthStrategyno = "0";
String likelihoodStrategyno = "0";
Float likelihoodThreshold = 0.5F;

opt.getMatchingSettfue , false);

if (opt.getSet().getData().size() > 0) {
if (opt.getSet().getData().contains("help")) {
help ();
}

}

if ((opdat = opt.getSet().getOption("i")).getResultCoyht> 0)
infile = opdat.getResultValue (0);

else if ((opt.getSet().getData()).size() > 0)
infile = opt.getSet().getData().get(0);

else {
System.out. println("You must specify a file for input");
System. exit (0);

}
if ((opdat = opt.getSet().getOption("0")).getResultCopt> 0)
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45 outfile = opdat.getResultValue (0);

46 else

47 outfile = infile.replaceAll(".fastas", "");

48 if ((opdat = opt.getSet().getOption("m")). getResultCopht> 0)

49 mergerno = opdat.getResultValue (0);

50 if ((opdat = opt.getSet().getOption("c")).getResultCont> 0)

51 cligueMergerno = opdat.getResultValue (0);

52 if ((opdat = opt.getSet().getOption("p")). getResultCoht> 0)

53 pairMergerno = opdat.getResultValue (0);

54 if ((opdat = opt.getSet().getOption("e")).getResultCo@nt> 0)

55 edgelLengthStrategyno = opdat.getResultValue (0);

56 if ((opdat = opt.getSet().getOption("1")).getResultCoupt> 0)

57 likelihoodStrategyno = opdat.getResultValue (0);

58 if ((opdat = opt.getSet().getOption("t")).getResultCoyht> 0)

59 likelihoodThreshold = Float.valueOf(opdat.getResultva (0));

60

61 Merger merger;

62 CliqgueMerger cliqueMerger;

63 PairMerger pairMerger;

64 EdgelLengthStrategy edgelLengthStrategy;

65 LikelihoodStrategy likelihoodStrategy ;

66

67 switch (Integer.valueOf(pairMergerno)) {

68 case 1: pairMerger =new SumGapPairMerger ();break;

69 case 2: pairMerger =new MaxGapPairMerger ();break;

70 /lcase 3: pairMerger = new WindowingPairMerger ( args needed! ); break;
71 /lcase 4: pairMerger = new MaxGapPairMergerScored( args needed! ); break;
72 case 5: pairMerger =new StatAlignGapsPairMerger ();break;

73 case 6: pairMerger =new StatAlignLowLikelihoodPairMerger ();break;

74 case 7: pairMerger =new MAFFTAlignGapsPairMerger ();break;

75 default: pairMerger =new SumGapPairMerger ();break;

76 }

7

78 switch (Integer.valueOf(cliqueMergerno)) {

79 case 1: cliqueMerger =new LeastGapsCliqueMerger(pairMerger )hreak;
80 case 2: cliqueMerger =new BasicCliqueMerger(pairMerger) break;

81 default: cligueMerger =new LeastGapsCliqueMerger(pairMerger )break;

82 }

83

84 switch (Integer.valueOf(mergerno)) {

85 case 1: merger =new LeafMerger(cliqueMerger);break;

86 case 2: merger =new MostHyperMerger(cliqueMerger );break;

87 default: merger =new MostHyperMerger(cliqueMerger);break;

88 }

89

90 switch (Integer.valueOf(edgelLengthStrategyno)) {

91 case 1: edgelengthStrategy mew NullEdgelLengthStrategy ();break;

92 case 2: edgelengthStrategy mew NumberOfSequencesEdgelLengthStrategy (Break;
93 default: edgelLengthStrategy =sew NullEdgelLengthStrategy ();break;

94 }

95 switch (Integer.valueOf(likelihoodStrategyno)) {

96 case 1: likelihoodStrategy =new ProductLikelihoodStrategy (likelihoodThreshold )break;
97 case 2: likelihoodStrategy =new MinimumLikelihoodStrategy (likelihoodThreshold)preak;
98 default: likelihoodStrategy =new ProductLikelihoodStrategy(likelihoodThreshold )bhreak;
99 }

100

101 /lread in the spannoid

102 Spannoid spannoid = ReadWriteTools.readFASTASFitef(ie , edgelLengthStrategy , likelihoodStrategy);
103

104 //work out the sizes of all the components in the spannoid to confirm input to user (for testing)
105 ReadWriteTools. printSpannoidStructure (infile , spaid);

106

107 I/ merges the spannoid

108 merger.merge(spannoid);

109

110 /1 outputs 3 files

111 ReadWriteTools.writeToALNFileNoScores (spannoid utéile );

112 ReadWriteTools . writeToALNFiles (spannoid , outfile)

113 ReadWriteTools.writeToMSFFile(spannoid, outfile);

114

115 /1 only used when likelihoods are used during pairmerging

116 if (App.reAlignmentsAccepted.y > 0)

117 System.out. println ("Accepted " + App.reAlignmentsAccep .x + " of "
118 + App.reAlignmentsAccepted.y + " possible partial realigents”);

119

120 }

121

122 /1 displays help

123 private static void help() {

124 String errorMessage = "\nUsage: javgar harvester2.jar-fi=]inputfile [—o=outfile]” + "\n" +
125 "[-m=merger] F-c=clique merger] fp=pair merger] fe=edge length strategy]" +
126 "[~1=likelihood strategy] f-t=likelihood threshold] " +

127 "\n\n";

128 System.out. printin (errorMessage);

129 System.out. printin( "pair merger: \n" +

130 "1l SumGapPairMergerBasic (default) \n" +

131 "2 MaxGapPairMergerBasic \n" +

132 "3 WindowingPairMerger (not finished) \n" +

133 "4 MaxGapPairMergerScored (not finished) \n" +

134 "5 StatAlignGapsPairMerger \n" +

135 "6 StatAlignLowLikelihoodPairMerger \n" +

136 "7 MAFFTAlignGapsPairMerger \n\n" +

137

138 "clique merger: \n" +

139 "1 LeastGapsCliqueMerger (default) \n" +

140 "2 BasicCliqueMerger \n\n" +

141

142 "merger: \n" +

143 "1 LeafMerger \n" +
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144 "2 MostHyperMerger (default) \n\n" +

145

146 "edge length strategy: \n" +

147 "1 NullEdgelLengthStrategy (default) \n" +
148 "2 NumberOfSequencesEdgelLengthStrategy \n\n" +
149

150 "likelihood strategy: \n" +

151 "1 ProductLikelihoodStrategy (default) \n" +
152 "2 MinimumLikelihoodStrategy \n\n" +

153

154 “likelihood threshold: \n" +

155 "Type Float, default 0.5F \n");

156

157 System. exit (0);

158 }

159}

ReadWriteTools Class This is where static methods for reading FASTA files or FAS-
TAS files with or without likelihood scores from stataligndafor writing to FASTA
with or without likelihood scores and MSF format. There soeh method for outputing
the spannoid components of a spannoid to a text file for gggtimposes.

public class ReadWriteTools {

private ReadWriteTools () {}

public static Alignment readFASTAFile(String file , LikelihoodStrategcombiner)
throws IOException {
9 BufferedReader reader nmew BufferedReaderfew FileReader(file));

1
2
3
4
5 /lread fasta files
6
7
8

11 ArraylList<Sequence> alignmentList mrew ArrayList<Sequence >();
12 ArrayList<Float> likelihoods =null;

13 String line =null;

14 String name = "";

15 String seq = "";
16 boolean readSeq =false;

17 boolean readingScores =false;

19 while ((line = reader.readLine()) !=null) {

20 if (Mine.trim().isEmpty()) {

21 if (line.charAt(0) == '>") {

22 if (readSeq) {

23 alignmentList.addfew Sequence(seq,name));

}
25 readSeq =true;
26 name = line.substring (1, line.length());
27 seq = reader.readLine();

29 } else if (line.trim (). equals("#scores")) {

30 if (readSeq) {

31 readingScores =true;

32 likelihoods = new ArrayList<Float >();

}
34 } else {
35 if (readingScores)
36 likelihoods .add (Float.valueOf(line));
37 else
38 seq += line;

41 }
43 if (readSeq) {
44 alignmentList.addfew Sequence(seq,name));

45 }

47 return new Alignment(alignmentList, likelihoods , combiner);

52 public static Alignment readSingleFASTAFileNoScores(String filethrows IOException {
53 BufferedReader reader mew BufferedReaderifew FileReader(file));

55 ArraylList<Sequence> alignmentList mew ArrayList<Sequence >();
57 String line =null;

58 String name =
59 String seq = "";

61 while ((line = reader.readLine())!=null) {

62 if (MMine.trim().isEmpty()) {

63 if (line.charAt(0) == '>") {

64 if (name != "")

65 alignmentList.addgew Sequence(seq, name));
66 }

67 name = line.substring (1, line.length());

68 seq = reader.readLine ();

69 } else {

70 seq = seq + line;
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71 }
72 }

73 }

74

75 alignmentList.addfew Sequence(seq, name));

76

77 return new Alignment(alignmentList);

78 }

79

80 public static Spannoid readFASTAFiles(String[] files hrows IOException {
81 Spannoid spannoid mew Spannoid ();

82 for (int i=0; i< files.length; i++) {

83 spannoid.addfew SpannoidComponent(readSingleFASTAFileNoScores(fi[eF)));
84

85 return spannoid;

86 }

87

88 Ilread fastas files

89

90 public static Spannoid readFASTASFile(String file throws IOException {
91 return readFASTASFile(file ,new NullEdgeLengthStrategy(),

92 new ProductLikelihoodStrategy (0.5F));

93 }

94

95 public static Spannoid readFASTASFile(String file , EdgelLengthStrayegdgelLengthStrategy ,
96 LikelihoodStrategy combiner)throws IOException {

97 BufferedReader reader mew BufferedReaderfew FileReader(file));
98

99 Spannoid spannoid wmew Spannoid(edgeLengthStrategy);

100

101 ArraylList<Sequence> alignmentList aull ;

102 ArraylList<Float> likelihoods =null;

103 String line =null;

104 String name =
105 String seq =
106 boolean readSeq =false;

107 boolean readingScores =false;

108

109 while ((line = reader.readLine()) !=null) {

110 if (Mine.trim().isEmpty()) {

111 if (line.charAt(0) == %) {

112 if (readSeq) {

113 alignmentList.addfew Sequence(seq, name));

114 if (IreadingScores) {

115 spannoid.addfew SpannoidComponentew Alignment(alignmentList)));
116 } else{

117 spannoid.addfew SpannoidComponentew Alignment(alignmentList ,
118

119 }

120 }

121 readSeq =false;

122 readingScores =false;

123 alignmentList =new ArrayList<Sequence >();

124 } else if (line.charAt(0) == '>") {

125 if (readSeq) {

126 alignmentList.addfew Sequence(seq,name));

127

128 readingScores =false;

129 readSeq =true;

130 name = line.substring (1, line.length ());

131 seq = reader.readLine();

132

133 } else if (line.trim (). equals("#scores")) {

134 if (readSeq) {

135 readingScores =true;

136 likelihoods = new ArraylList<Float >();

137 }

138 } else {

139 if (readingScores)

140 likelihoods .add (Float.valueOf(line));

141 else

142 seq += line;

143 }

144 }

145 }

146

147 if (readSeq) {

148 alignmentList.addew Sequence(seq,name));

149 if ('readingScores) {

150 spannoid.addfew SpannoidComponenngw Alignment(alignmentList)));

151 } else{

152 spannoid . addfew SpannoidComponentgw Alignment(alignmentList, likelihoods ,
153

154 }

155 }

156

157 return spannoid;

158 }

159

160 IlTwrite fasta files

161

162 public static void writeToALNFile (Alignment alignment, String fileName hrows IOException {

163 BufferedWriter writer =new BufferedWriter new FileWriter (new File (fileName + ".aln")));
164 for (Sequence seq : alignment) {

165 writer. write (">");

166 writer . write (seq.getName());

167 writer.newLine();

168 writer.write (seq.getSequence ());

169 writer.newLine ();
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170

171 writer.write ("#scores");

172 for (Float likelihood : alignment.getLikelihoods ()) {

173 writer.newLine ();

174 writer.write (String .valueOf(likelihood));

175

176 writer.close ();

177 }

178

179 public static void writeToALNFiles(Spannoid spannoid, String fileNamethrows IOException {
180 int i =1;

181 if (spannoid.size() > 1) {

182 for (SpannoidComponent component : spannoid) {

183 writeToOALNFile (component. getAlignment (), fileName + j)
184 i++;

185 }

186 } else if (spannoid.size() == 1) {

187 writeToOALNFile (spannoid.get(0). getAlignment(), filed\ne);
188 } else {

189 System.out. println ("Spannoid has no components");

190 }

191 }

192

193 public static void writeToFASTAFileNoScores(ArraylList<Sequence> seques¢ String fileName)
194

195 BufferedWriter writer =new BufferedWriter hew FileWriter (new File (fileName + ".fasta")));
196 for (Sequence seq : sequences) {

197 writer . write (">");

198 writer . write (seq.getName ());

199 writer .newLine ();

200 writer . write (seq.getSequence ());

201 writer.newLine ();

202

203 writer.close ();

204 }

205

206

207 Ilwrite msf files

208

209 public static void writeToMSFFile (Alignment alignment, String fileNamej)hrows IOException {
210 BufferedWriter writer =new BufferedWriter new FileWriter (new File (fileName + ".msf")));
211

212 writer.write ("MSF: " + alignment.getSequenceLeng)h¢t " ");

213 writer.write ("Type: P ");

214 writer.write ("Check: 0 ");

215 writer.write("..");

216 writer.newLine ();

217 writer.newLine ();

218

219 for (Sequence seq : alignment) {

220 writer.write ("Name: ");

221 writer . write (seq.getName());

222 for (int n = 0; n < 20— seq.getName().length(); n++) {
223 writer. write (" H

224 }

225 writer. write ("Len: ");

226 writer. write (String .valueOf(seq.getLength ()));

227 writer . write (" Check: 0");

228 writer.write (" Weight: 1.0");

229 writer.newLine ();

230 }

231

232 writer.newLine ();

233 writer.write ("//");

234 writer.newLine ();

235 writer.newLine ();

236

237 int remainder50 = alignment.getSequencelLength() % 50;

238 int remainderl0 = alignment.getSequencelLength() % 10;

239

240 int maxNamelLength = 20;

241 for (Sequence seq : alignment) {

242 if (seq.getName().length() > maxNameLength)

243 maxNamelLength = seq.getName (). length ();

244 }

245

246 maxNameLength+=2;

247

248 for (int i = 0; i < alignment.getSequenceLength remainder50; i += 50) {
249 for (Sequence seq : alignment) {

250 writer.write (seq.getName());

251 for (int n = 0; n < maxNamelLength- seq.getName (). length (); n++) {
252 writer.write (" ");

253 }

254 for (int j = 0; j < 50; j += 10) {

255 writer.write (seq.getSequence (). substring (i+j, i + j + ))0
256 writer.write (" ");

257

258 writer.newLine ();

259

260 writer.newLine ();

261 }

262

263

264 int i = alignment.getSequenceLength ) remainder50;

265

266 if (remainder50 != 0) {

267 for (Sequence seq : alignment) {

268 writer. write (seq.getName());
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269 for (int n = 0; n < maxNameLength- seq.getName (). length (); n++) {
270 writer.write (" ");

271

272 for (int j = 0; j < remainder50— remainder10; j += 10) {

273 writer.write (seq.getSequence (). substring (i+j, i + j +))0
274 writer.write (" ");

275 }

276 writer . write (seq.getSequence (). substring (alignmegé¢tSequenceLength (3 remainder10,
277

278 writer.newLine ();

279 }

280 }

281

282 writer.close ();

283 }

284

285 public static void writeToMSFFile(Spannoid spannoid, String fileNamehrows IOException {
286 int i = 1;

287 if (spannoid.size() > 1) {

288 for (SpannoidComponent component : spannoid) {

289 writeToOMSFFile (component. getAlignment (), fileName + ;i)

290 i++;

291

292 } else if (spannoid.size() == 1) {

293 writeToOMSFFile (spannoid.get (0). getAlignment(), filaxe);

294 } else {

295 System.out. println ("Spanoid has no components");

296 }

297 }

298

299 public static void writeToALNFileNoScores(Alignment alignment, String &Name) throws IOException {
300 BufferedWriter writer =new BufferedWriter hew FileWriter (new File (fileName + "_no_scores.aln")));
301 for (Sequence seq : alignment) {

302 writer.write (">");

303 writer . write (seq.getName ());

304 writer.newLine ();

305 writer . write (seq.getSequence ());

306 writer.newLine ();

307

308 writer.close ();

309 }

310

311 public static void writeToALNFileNoScores(Spannoid spannoid, String filaMe) throws IOException {
312 int i =1;

313 if (spannoid.size() > 1) {

314 for (SpannoidComponent component : spannoid) {

315 writeToALNFileNoScores (component. getAlignment (), éMame + i);
316 i++;

317 }

318 } else if (spannoid.size() == 1) {

319 writeToALNFileNoScores(spannoid.get(0). getAlignment fileName);

320 } else {

321 System.out. printin ("Spanoid has no components”);

322 }

323 }

324

325 public static void printSpannoidStructure (String infile , Spannoid spandpi{

326 ArraylList<Integer> compSizes new ArraylList<integer >();

327

328 for (SpannoidComponent comp : spannoid) {

329 int size = comp.getAlignment (). getNumberOfSequences();

330 if (size >= compSizes.size())

331 for (int i = compSizes.size (); i <= size; i++){

332 compSizes.add (0);

333 }

334 compSizes.set(size, compSizes.get(size) + 1);

335 }

336 int numberOfComps = 0;

337 int index = 0;

338 String compStructure = "";

339 for (Integer n : compSizes) {

340 if (n>0){

341 numberOfComps += n;

342 compStructure += n + " x " + index + "\n";

343 }

344 index++;

345 }

346 System.out.println ("Read spannoid components:");

347 System.out.printin("Read file " + infile + " with " + nunebOfComps + " components:");
348 System.out.printin (compStructure);

349

350 BufferedWriter writer;

351 try {

352 writer = new BufferedWriter hew FileWriter (new File (infile + ".comps")));
353 writer.write (compStructure);

354 writer.close ();

355 } catch (IOException e) {

356 e.printStackTrace ();

357 }

358 }

359

360 }
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A.2.2 Spannoid Structure Package

This package contains the classes that represent the vindedata structure of the
spannoid and of sequences and alignments.

Spannoid Class This is the data structure for storing the hypergraph ofnatignts,
AKA the spannoid.

public class Spannoid extends ArraylList<SpannoidComponent> {
private ArraylList<HyperEdge> edges;
private EdgelLengthStrategy edgelLengthStrategy;

/I create a spannoid with all edgelengths 1
public Spannoid() {
super();
this .edges =new ArrayList<HyperEdge >();
this.edgeLengthStrategy sew NullEdgeLengthStrategy ();
}

I/ create a spannoid with a particular strategy for edgelengths

public Spannoid(EdgeLengthStrategy edgelLengthStrategy) {
super();
this.edges =new ArrayList<HyperEdge >();
this.edgelLengthStrategy = edgelengthStrategy;

}

@Override
public boolean add(SpannoidComponent newComponent) {
/l'initialise the variables
int edgelLength = 0;
HyperEdge connector =ull;
I/ checks for neighbours and adds connectors if common sequences occur
for (SpannoidComponent component this) {
for (Sequence seql : component.getAlignment()) {
for (Sequence seq2 : newComponent.getAlignment()) {
if (seql.getName().equals(seq2.getName())) {
connector = component.getConnector(seql.getName());
if (connector ==null) {
edgelLength = edgelLengthStrategy.calculateLength (comemo. getAlignment(),

connector =new HyperEdge(component, seql, newComponent, seq2, edgetheng
edges.add(connector);
component.addConnector(connector);
newComponent.addConnector(connector);

} else if (!connector.contains(newComponent)){
connector.add(newComponent, seq2);
newComponent.addConnector(connector);

break;

super.add (newComponent);
return true ;

}

Il returns the maximum size of the components in the spannoid
public int getK() {
int k = 0;
for (SpannoidComponent component this) {
k = Math.max(k, component.getAlignment().getNumberOg8ences());
}
return k;

}

public ArraylList<HyperEdge> getEdges() {
return edges;

}

public void remove (HyperEdge edgeToMerge) {
edges.remove (edgeToMerge);

}

SpannoidComponent Class This is basically a node in the spannoid hypergraph. It
contain a reference to an alignment and connectors via wdriehcan find its neigh-
bouring components in the spannoid.

public class SpannoidComponent {
private Alignment alignment;
private List<HyperEdge> connectors;
/lI"a list of the hyperedges this component is connected to other comps by
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public SpannoidComponent(Alignment alignment) {
setAlignment(alignment);
connectors =new ArraylList<HyperEdge >();

}

public void setAlignment(Alignment alignment) {
this.alignment = alignment;

}

public Alignment getAlignment() {
return alignment;
}

public void addConnector(HyperEdge connector) {
connectors.add(connector);
}

public HyperEdge getConnectoiiit connectorindex) {
return connectors.get(connectorindex);

}

public HyperEdge getConnector(SpannoidComponent component) {
for (HyperEdge connector : connectors) {
if (connector.contains(component))
return connector;

return null ;

public HyperEdge getConnector(String commonSequenceName) {
for (HyperEdge connector : connectors) {
if (connector.getCommonSequenceName (). equals (commaredegName ))
return connector;

return null ;

}

public List<HyperEdge> getConnectors() {
return connectors;

}

public int getDegree() {
return connectors.size ();
}

public int getNumberOfConnectors() {
return connectors.size ();
}

public void removeConnector(HyperEdge hyperEdge) {
connectors.remove (hyperEdge);
if (hyperEdge.containsthis))
hyperEdge . removethis);

}
@Override
public String toString () {
String out = "[";
for (Sequence seq : getAlignment())
out += seq.getName() + ", ";
if (out.contains(", "))
out = out.substring (0, out.length (3 2);
out += "]";
return out;
}

HyperEge Class This class represents the hyperedge, which contains nefesdo
the components it is connecting together and a list of thensomsequence in each
alignment. Note they are the same common sequence by natregtbally different

sequence objects because they have different gaps.

public class HyperEdge {
protected ArrayList<SpannoidComponent> comps;
protected ArraylList<Sequence> commonSequences;
protected int edgelLength;//this is used if there are only two components,
//'but in this prototype it is unused

public HyperEdge(SpannoidComponent compl, Sequence commorBeql ,
SpannoidComponent comp2, Sequence commonSequende2,edgelLength) {
comps =new ArrayList<SpannoidComponent >();
comps.add(compl);
comps.add (comp2);
commonSequences rew ArraylList<Sequence >();
commonSequences . add (commonSequencel);
commonSequences . add (commonSequence2);
this.edgelLength = edgelLength;
}

public HyperEdge(ArrayList<SpannoidComponent> comps, Arrayil<Sequence> commonSequences){
for (SpannoidComponent comp : comps)
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this.comps.add(comp);
this.commonSequences = commonSequences;
this.edgeLength = 0;
}

public boolean contains(SpannoidComponent component) {
return comps.contains(component);

}

public void add(SpannoidComponent comp, Sequence commonSequence) {
comps.add (comp);
commonSequences . add (commonSequence);

}

public SpannoidComponent getComponemtf i) {
return comps.get(i);
}

public Sequence getCommonSequence(SpannoidComponent comporfen
int index = comps.indexOf(component);
if (index != —1)
return commonSequences. get(index);
else
return null ;

}

public void setEdgelLengthint edgelLength) {
this.edgelLength = edgelLength;
}

public int getEdgeLength() {
return edgelength;
}

public int getNumberOfComponents() {
return comps.size ();

}
public void remove(SpannoidComponent component) {
for (int i = 0; i < comps.size(); i++) {
if (comps.get(i) == component) {
comps.remove(i);
commonSequences.remove(i);
break;
}
}
}

public ArraylList<Sequence> getCommonSequences() {
return commonSequences;

}

public String getCommonSequenceName () {
return commonSequences. get(0).getName ();

}

public String toString () {
return "Common Sequence: " + getCommonSequenceName() +
" Components: " + comps.toString ();

Alignment Class This is where all the sequences of an
invariant is that all the sequences have the same length.

public class Alignment implements Iterable <Sequence> {
protected ArraylList<Sequence> sequences;
protected ArrayList<Float> likelihoods;
//~"a list of the likelihood values for each column in the alignment
protected LikelihoodStrategy likelihoodStrategy;
protected int mergeCount = 0;

public Alignment(ArrayList<Sequence> alignment) {

int length = 0;

I/ ensure all sequences are of the same length

if (alignment.size() > 0) {
length = alignment.get(0).getLength ();
for (Sequence s : alignment) {

if (s.getLength() != length)
System.out.printin("Not valid alignment");

}

}

this.sequences = alignment;

likelihoods =new ArrayList<Float >();

for (int i = 0; i < length; i++) {
likelihoods .add (0.0F);

}
likelihoodStrategy =new ProductLikelihoodStrategy (0.5F);
}

public Alignment(ArrayList<Sequence> alignment, ArraylList<ddt> likelihoods ,
LikelihoodStrategy combiner) {
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int length = 0;
/1 ensure all sequences are of the same length
if (alignment.size() > 0) {
length = alignment.get(0).getLength ();
for (Sequence s : alignment) {
if (s.getLength() != length)
System.out. println ("Not valid alignment");

}

if (likelihoods.size() != length)
System.out.println ("Not valid likelihood list for this agnment");

this.sequences = alignment;
this . likelihoods = likelihoods;
this.likelihoodStrategy = combiner;

}

public void addSequence(Sequence seq) {
if (sequences.size() > 0)
if (seq.getLength() !'= sequences.get(0).getLength()) {
System.out.printin("Aligned sequence " + seq.getName ()
+ " not of same length as others in alignment.");

sequences.add(seq);

}

public void addSequenceifit index, Sequence seq) {
if (sequences.size() > 0)
if (seq.getLength() !'= sequences.get(0).getLength()) {
System.out. printin ("Aligned sequence " + seq.getName/()
+ " not of same length as others in alignment.");

}
sequences.add(index, seq);

public int getNumberOfSequences() {
return sequences.size ();

public Sequence getSequencint i) {
return sequences.get(i);

}

Il insert a gap in all sequences
public void insertGap(nt index) {
for (Sequence s : sequences)
s.insertGap (index);
likelihoods .add(index, 0.0F);
}

Il so that we can use for (Sequence seq : alignment)
@Override
public Iterator <Sequence> iterator () {
return sequences.iterator ();
}

/] add the sequences from another alignment onto this one
public void append(Alignment alignment) {
for (Sequence seq : alignment)
this.addSequence(seq);
likelihoodStrategy .combine(getLikelihoods (), aligent.getLikelihoods ());
}

public ArrayList<Float> getLikelihoods () {
return likelihoods;
}

public LikelihoodStrategy getLikelihoodStrategy () {
return likelihoodStrategy;

}

/1 remove a particular sequence from the alignment
public void remove(int i) {

sequences.remove(i);
}

/1 returns a list of new corresponding sequences without gaps
public ArrayList<Sequence> rawAlignment() {
ArraylList<Sequence> sequencesnew Arraylist<Sequence >();
for (Sequence s :this) {
String seq "
for (int i = i < s.getLength(); i++) {
char ¢ = s.getChar(i);
it (c1= —) {
seq = seq + c;
}
}

sequences.addéw Sequence(seq, s.getName()));

return sequences;

}

Il returns a new alignment corresponding to alignment between column $a and $b
public Alignment subAlignment{nt a, int b) {
ArraylList<Float> likelihoods =new ArrayList<Float >();
for (int i = a; i <b; i++)
likelihoods .add this. likelihoods . get(i));
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Alignment subAlignment =new Alignment(new ArrayList<Sequence >(), likelihoods ,

for (Sequence seq : sequences) {
subAlignment.addSequencedw Sequence(seq.getSequence (). substring(a,b), seq.geip));

return subAlignment;

Il returns true
public Boolean
Boolean
for (int

if column a in alignment contains only gaps
isGapColumnifit a) {
contains =rue;
i = 0; i < sequences.size(); i++) {
if (this.getSequence(i).getChar(a) !=")
contains =false;

return contains;

}

public void remove(Sequence commonSequence) {
sequences.remove (commonSequence);

}

@Override

public String toString () {

String

out =new String ();

for (Sequence seq : sequences) {

}

out += seq.toString () + "\n";

return out;

}

Il'increment the
public void incr

number of times this alignment has been merged
easeMergeCount() {

mergeCount++;

}

//return the number of times this alignment has been merged

public int getM

ergeCount() {

return mergeCount;

}

/1 returns the number of columns between a and b containing only gaps

public int getNoOfPureGapColumnsBetweenPointa{ a, int b) {

int noO
if (a<

fColumns = 0;

b) {
for (int i =a; i <b; i++) {
if (this.isGapColumn(i) ==true)
noOfColumns ++;
}

return noOfColumns;

}

/1 delete the a’

th column

public void deleteColumnint a) {
for (Sequence seq :this)

likeliho
}

seq.deleteChar(a);
ods .remove(a);

public int getSequenceLength() {

return getSequence (0).getLength (){/

}

Il insert $number of gaps at position $start
public void insertGaps(nt start, int number) {

if (sta

} else {

}

rt >= 0 & start <= getSequencelLength()) {
for (int j = 0; j < number; j++) {
insertGap(start);

remember we ensure lengths are all the same

throw new IndexOutOfBoundsException("Index out of bounds for insegap index:

+ start + " size: "

public boolean contains(Sequence seq) {
return sequences.contains(seq);

}

Il replaces the characters between indices a and b in all sequences

/1'with a new ali

gnment

public void replace (Alignment newSubAlignmentjnt a, int b) {
SubAlignment. getNumberOfSequences () == getNumb&e@uences()) {

if (new

} else {

}

+ getSequencelLength ());

for (int i = 0; i < getNumberOfSequences(); i++) {
getSequence(i).replace (newSubAlignment.getSequenge(@, b);
for (int i =a; i <b; i++) {
likelihoods .remove(a);
}
for (int i = 0; i < newSubAlignment.getSequenceLength (); i++)

likelihoods .add(a + i, newSubAlignment. getLikelihoods. @et(i));

System.out. println("Incorrect number of sequences
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Ilreturns a list of the indices of sequences that contain actual

public ArrayList<iInteger> getNoneEmptySequences () {
ArraylList<Integer > noneEmptySeqs mew ArrayList<integer >();
= 0; i < getNumberOfSequences(); i++) {

for (int i
if

('getSequence(i).getSequence (). replaceAH(, "").isEmpty())

noneEmptySeqs.add(i);

return noneEmptySeqs;

}

/lreturns a list of the sequences’ names
public ArrayList<String > getNames() {
ArraylList<String > names =new ArrayList<String >();
for (Sequence seq
names.add(seq.getName ());

return names;

sequences) {

Il returns a sequence from input name, returns null if alignment does not
/1 contain sequence with that name
public Sequence getSequence(String name) {
for (Sequence seq
(seq.getName (). equals (name))
return seq;

if

return null ;

sequences) {

/lreturns a list of doubles (region start, region length) for regions where the

/llikelihood is lower than the threshold specified

public ArrayList<Point> lowLikelihoodRegions () {
ArraylList<Point> regionList =new ArrayList<Point >();
ArraylList<Integer> regionStart mew ArrayList<iInteger >();
Arraylist<integer> regionEnd =ew ArrayList<Integer >();
Float threshold = likelihoodStrategy.threshold;

if (getLikelihoods ().get(0) < threshold)
regionStart.add (0);

for (int i=1;

i < getSequencelength (); i++)

characters and not just gaps

in the command line or the default 0.5F

if (getLikelihoods ().get(i~1) >= threshold & getLikelihoods (). get(i) < threshold)
regionStart.add(i);

else

}

regionEnd . add (i-1);

if (regionEnd.size() < regionStart.size())
regionEnd.add(getSequencelLength+{) 1);

for (int i=0;

i < regionStart.size (); i++) {

Point region =new Point();
region.x =
region.y = regionEnd.get(i)- regionStart.get(i) + 1;
regionList.add(region);

return regionlList;

regionStart.get(i);

Ilreturns a list of doubles (region start, region length) where regions of
/llikelihood are treated separate from the common gaps, which are input as a parameter

public ArrayList<Point> lowLikelihoodRegionsPlusGaps(Arraidt<Point> gaplList) {

ArrayList<Point> regionList =new ArrayList<Point >();
Arraylist<Integer> regionStart mew ArrayList<iInteger >();
ArraylList<Integer> regionEnd =sew ArraylList<integer >();
Float threshold =

int j = 0;

likelihoodStrategy .threshotd mergeCount/10;

boolean inGap = false;
boolean inRegion = false;

if (j < gapList.size()) {

if (gapList.get(j).x == 0) {
regionStart.add (0);
inGap = true;

if

}

}

if (linGap & getLikelihoods ().get(0) < threshold) {
regionStart.add (0);
inRegion = true;

}

for (int i=1; i < getSequenceLength(); i++) {
(inGap) { //if we are in a gap region, check if we are at the end of it

if

if

(gaplList.get(j).x + gapList.get(j).y == i) {
regionEnd . add (i-1);
inGap = false;
j+H
if (getLikelihoods().get(i) < threshold) {
regionStart.add(i);
inRegion =true;
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}

} else if (inRegion) { //if we are in a nongap region, check
I1'if we are at the end of it
if (getLikelihoods ().get(i) >= threshold) {
regionEnd . add (i-1);
inRegion = false;
if (j < gaplList.size()) {
if (gapList.get(j).x == 1) {
regionStart.add(i);
inGap = true;

}

}
} else{ //if we are not in any gap,

if (j < gaplList.size

if (gapList.get(j).x

0) {

check for the start of one

i)

regionStart.add(i);
inGap = true;

}

}

if (linGap & getLikelihoods ().get(i) < threshold) {
regionStart.add(i);
inRegion =true;

if (regionEnd.size () < regionStart.size())
regionEnd . add(getSequencelLength+{) 1);

for (i

return

nt i=0; i < regionStart.size(); i++) {
Point region =new Point();
region.x = regionStart.get(i);
region.y = regionEnd.get(i} regionStart.get(i) + 1;
regionList.add(region);
regionList;

Sequence Class This class basically has a reference to a character arrélydarctual
sequence, because it is mutable, and a string for the narhe sétjuence.

public class Sequence {

protected charl[]

protected int
protected Stri

seqArray; //An array to store the sequence and null spaces for

length; //number of non—null chars in seqArray

ng name;

public Sequence(String seq, String name) {
this.seqArray = seq.toCharArray ();
length = this.seqArray.length;
this .name = name;

}

Il returns number of non—null

public int getLength() {

return
}
public String
return
}

Il returns character

length;

getName () {
name;

public char getChar(nt index) {

it ((i
else
else {
}

}

ndex < 0))

chars in segArray

at index index in segArray

throw new IndexOutOfBoundsException ();

if (index >= length)

return *)

return seqArray[index];

/1'if we get too many chars in segArray (>length), extend
public void ensureCapacityint minimumCapacity) {

if (segArray.length <= minimumCapacity) {
char[] newSeq =new char[minimumCapacity];

}

System. arraycopy (segArray ,
seqArray = newSeq;

/linsert a gap in the sequence at index i

public void in

sertGap(nt i) {

if (length + 1 >= segArray.length)
ensureCapacity (seqArray.length 3/2);

if (i

else

else {

<0 || i > length))

0, newSeq,

throw new IndexOutOfBoundsException ();

if (i == length) {
seqArray[i] = =';
length++;
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53 System.arraycopy (seqArray, i, seqArray, i+1, lengthi);
54 seqArray[i] = =';

55 length++;

56 }

57 }

58

59 I/ returns the non—null characters in the sequence

60 public String getSequence () {

61 return new String (seqArray).trim();

62 }

63

64

65 /1 output the sequence as a string

66 public String toString () {

67 return (">" + getName() + "\n" + getSequence());

68 }

69

70 Il returns indices of start of gaps and lengths of the gaps

71 public ArrayList<Point> getGaps() {

72 ArraylList<Point> gaplList =new ArrayList<Point >();

73 ArraylList<Integer> gapStart mew ArrayList<iInteger >();
74 ArraylList<Integer> gapEnd =ew ArraylList<iInteger >();

76 if (this.getChar(0) == =
” gapStart.add (0);

79 for (int i=0; i < getLength(); i++) {
80 if (getChar(i) != =’ & getChar(i+1) =
81 gapStart.add(i+1);

)

83 else if (getChar(i) == >’ & getChar(i+1) != '—")
84 gapEnd.add (i);

85 }

86

87 for (int i=0; i < gapStart.size(); i++) {

88 Point gap =new Point();

89 gap.x = gapStart.get(i);

90 gap.y = gapEnd.get(#dgapStart.get(i) + 1;
91 gaplList.add(gap);

92 }

93 return gaplist;

94 }

96 public void deleteChar(nt i) {
97 System.arraycopy (segArray ,
98 length——;

99 }

100

101 public void setChar{nt i, char c) {
102 if (i < getLength())
103 seqArray[i] = c;
104 }

105

106 public void replace (Sequence newSubsequencint a, int b) {

107 removeChars(a, b);

108 int num = newSubsequence.getLength ();

109 insertGaps(a, num);

110 for (int i = 0; i < num; i++) {

111 setChar(a + i, newSubsequence.getChar(i));

112 }

113 }

114

115 private void removeCharsint a, int b) {

116 if (b>a){

117 System.arraycopy (seqArray, b, seqArray, a, lengthb);

118 length —= (b-a);

119 }

120

121 }

122

123 private void insertGaps(nt start, int num) {

124 if (length + num >= seqArray.length)

125 ensureCapacity ((getLength () + numy 3/2);

126 if ((start <0 || start >this.length))

127 throw new IndexOutOfBoundsException("Insert Gaps Error Index: " +#ast + " Length: " + length);
128 else {

129 System.arraycopy (seqArray , start, segArray, start + nubepgth— start);

130 for (int i = start; i < start + num; i++)

131 setChar(i,~");

132 this.length += num;

133 }

134 }

135

136 public int numberOfNoneGapChars() {

137 int num = 0;

138 for (int i = 0; i < getLength(); i++) {

139 if (getChar(i) != =)

140 num-++;

141

142 return numj;

143 }

144}

, seqArray —1, length— i);
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A.2.3 Mergers Package

This package contains the simple interface for a merger2atakses that implement it
for merging the spannoid on the larger scale, defering ssoalk merging to the clique
merger.

public interface Merger {
/1 merges the spannoid into one alignment
public void merge(Spannoid spannoid);
Il returns the clique merger
public CliqueMerger getCliqueMerger ();

public class MostHyperMergerimplements Merger {
CliqueMerger cliqueMerger;

public MostHyperMerger(CliqueMerger cliqueMerger) {
this.cliqueMerger = cliqueMerger;
}

@Override
public CliqueMerger getCliqgueMerger () {
return cliqueMerger;

}

@Override

public void merge(Spannoid spannoid) {
ArraylList<HyperEdge> edges = spannoid.getEdges ();
HyperEdge edgeToMerge #ull;
int currentMax = 0;

while (edges.size() > 0) {
currentMax = (edgeToMerge = edges.get(0)).getNumber@fi@onents ();
for (int i = 1; i < edges.size(); i++) {
if (edges.get(i).getNumberOfComponents() > currentMax)
currentMax = (edgeToMerge = edges.get(i)).getNumberQfPonents ();

cliqgueMerger.merge (spannoid , edgeToMerge);

public class LeafMerger implements Merger {
protected CliqueMerger cliqueMerger;

public LeafMerger(CliqueMerger cliqgueMerger) {
this.cliqgueMerger = cliqueMerger;
}

@Override

public void merge(Spannoid spannoid) {
LinkedList<HyperEdge> degllLeaves;
LinkedList<SpannoidComponent> theirNeighbours;

SpannoidComponent compl;
SpannoidComponent comp2;

while (spannoid.size() >= 2) {
if (spannoid.size() > 2) {

degllLeaves =new LinkedList<HyperEdge >();
theirNeighbours =new LinkedList<SpannoidComponent>();

for (HyperEdge edge : spannoid.getEdges()) {
if (edge.getNumberOfComponents() == 2) {
compl = edge.getComponent(0);
comp2 = edge.getComponent(1);
if (compl.getDegree() == 1) {
if (theirNeighbours.contains(comp2)) {
HyperEdge oldEdge = degllLeaves.get(theirNeighboursek@f(comp2));
if (edge.getEdgeLength() < oldEdge.getEdgeLength()) {
deglLeaves.remove (oldEdge);
theirNeighbours.remove (comp2);
degllLeaves.add(edge);
theirNeighbours.add(comp2);

} else {
degllLeaves.add(edge);
theirNeighbours.add(comp2);

} else if (comp2.getDegree() == 1) {
if (theirNeighbours.contains(compl)) {

HyperEdge oldEdge = deglLeaves.get(theirNeighboursek@f(compl));

if (edge.getEdgelLength() < oldEdge.getEdgeLength()) {
deglLeaves.remove (oldEdge);
theirNeighbours.remove (compl);
degllLeaves.add(edge);
theirNeighbours.add (compl);

} else {
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90 deglleaves.add(edge);
91 theirNeighbours.add(compl);

93 }

94 }

95 }

96

97 if (deglLeaves.size() > 0) {

98 // merge the leaves

99 while (deglLeaves.size() > 0) {

100 HyperEdge edgeToMerge = deglLeaves.get(0);
101 cliqueMerger.merge (spannoid , edgeToMerge);
102 deglLeaves.remove ();

103 theirNeighbours.remove (0);

104 System.gc();

105 }

106 } else {

107 I/ merge the cliques

108 ArrayList<HyperEdge> edges = spannoid.getEdges ();
109 int i =0;

110 while (i < edges.size()) {

111 HyperEdge edge = edges.get(i);

112 for (int j = 0; j < edge.getNumberOfComponents(); j++) {
113 if (edge.getComponent(j).getDegree() == 1) {
114 cliqueMerger.merge(spannoid, edge);
115 break;

116 }

117 i++;

118 }

119 }

120 }

121

122 } else if (spannoid.size() == 2) {

123 cliqueMerger.merge(spannoid, spannoid.getEdges ().(6¢);
124 }

125 }

126 }

127

128 public CliqueMerger getCliqueMerger () {

129 return cliqueMerger;

130 }

131

132}

A.2.4 Clique Mergers Package

Here the skeleton for a cliqguemerger is implemented as aactbtlass with 2 sub-
classes, the least gaps clique merger and the basic cligigemeén the former we
pair-merge the two alignments where the common sequenegestina least gaps first
repeatedly until we have one alignment remaining. In theelaie pair-merge the
alignments in any order.

1 public abstract class CliqueMerger {

2 protected PairMerger pairMerger;

3

4 /1 cleanup of the redundant hyperedge is done here after merging

5 public abstract void merge(Spannoid spannoid, HyperEdge hyperedge);
6

7 public abstract PairMerger getPairMerger();

8

9 Il cleanup of the redundant component is done here after merging

10 protected void pairMerge (Spannoid spannoid, HyperEdge hyperEdgent indexl, int index2) {
11 SpannoidComponent xComp = hyperEdge.getComponentgxid;

12 SpannoidComponent yComp = hyperEdge.getComponentgx2d;

13

14 Sequence xSeq = hyperEdge.getCommonSequence (xComp);

15 Sequence ySeq = hyperEdge.getCommonSequence (yComp);

16

17 pairMerger.merge (xComp. getAlignment (), xSeq, yComptAlignment(), ySeq);
18

19 for (HyperEdge yCompsEdge : yComp.getConnectors ()){

20 Sequence commonSequence = yCompsEdge.getCommonSedy&ooep);
21 //remove yComp from connector

22 yCompsEdge.remove (yComp);

23 /ladd xComp to connector

24 if (yCompsEdge != hyperEdge) {

25 yCompsEdge . add (xComp, commonSequence);

26 xComp.addConnector (yCompsEdge);

27 }

28

29 spannoid.remove (yComp);

30 }

31}

32

33

34

35 public class LeastGapsCliqueMergerxtends CliqueMerger {

36

37 public LeastGapsCliqueMerger(PairMerger pairMerger) {

38 this . pairMerger = pairMerger;
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}

public PairMerger getPairMerger() {
return pairMerger;
}

public void merge(Spannoid spannoid,

HyperEdge hyperEdge) {

int numberOfAlignments = hyperEdge.getCommonSequencesi@e §);

while (numberOfAlignments >

2) {

ArrayList<Integer> numberOfGaps mew ArrayList<integer >();

for (int i = 0; i < numberOfAlignments; i++) {
numberOfGaps . add (hyperEdge . getCommonSequences (X.igegetGaps (). size ());
}
//find 2 components where common sequence have |east number of gaps
int indexl;
int index2;
if (numberOfGaps.get(0) < numberOfGaps.get(1)) {
indexl = 0;
index2 = 1;
} else{
indexl = 1;
index2 = 0;
for (int i = 2; i < numberOfAlignments; i++) {

if (numberOfGaps.get(i) < numberOfGaps.get(index2)){
if (numberOfGaps.get(i) <= numberOfGaps.get(indexl)) {

index2 = index1;
indexl = i;

} else {
index2 = i;

}

}

/I merge the two alignments

pairMerge (spannoid ,

hyperEdge, indexl, index2);

numberOfGaps.remove (index2);
numberOfAlignments-—;

}
pairMerge (spannoid , hyperEdge, 0, 1);

hyperEdge . getComponent (0).removeConnector (hypgeBd

spannoid.remove (hyperEdge)

public class BasicCliqueMergerextends CliqueMerger {

public BasicCliqueMerger(PairMerger pairMerger) {

this . pairMerger = pairMerge

}

public PairMerger getPairMerger() {
return pairMerger;

}

@Override

public void merge(Spannoid spannoid ,

r

HyperEdge hyperEdge) {

while (hyperEdge.getNumberOfComponents() > 1) {
/I'merge the first two alignments

pairMerge (spannoid ,

}

hyperEdge, 0,

1);

hyperEdge . getComponent(0).removeConnector (hydgep;

spannoid.remove (hyperEdge)

A.2.5 Pair Mergers Package

This is a very important part of the program. The interfaced@air merger class

simply has a merge method.

public interface PairMerger {
public void merge(Alignment xComp,
}

Sequence xSeq,

Alignment yComp quBsce ySeq);

SumGap Pair Merger Class This is the implementation of the basic approach to
merging two alignments, as described in Section 4.5.
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public class SumGapPairMergerimplements PairMerger {

public void merge(Alignment xComp, Sequence xSeq, Alignment yComp qumce ySeq) {
sumGap (xComp, xSeq, yComp, ySeq);
}

public void sumGap(Alignment alignl, Sequence commonSequencel, nhignt align2 , Sequence commonSequence2)

ArrayList<Point> gapsl = commonSequencel.getGaps();
ArrayList<Point> gaps2 = commonSequence2.getGaps();
int j = 0; int k = 0; int gaplPos, gap2Pos, gaplLength, gap2Length;
boolean jdone (j >= gapsl.size());
boolean kdone (k >= gaps2.size());
while (!(kdone || jdone)) {

gaplPos = gapsl.get(j).x;

gap2Pos = gaps2.get(k).x;

gaplLength = gapsl.get(j).y;

gap2Length = gaps2.get(k).y

if (gaplPos < gap2Pos) {

align2.insertGaps(gaplPos, gaplLength);

for (int i = k; i < gaps2.size(); i++)
gaps2.get(i).x += gaplLength;

i+
if (j == gapsl.size())
jdone = true;
} else if (gaplPos > gap2Pos) {
alignl.insertGaps(gap2Pos, gap2Length);

for (int i = j; i < gapsl.size(); i++)
gapsl.get(i).x += gap2Length;
k++;
if (k == gaps2.size())
kdone =true;
} else{

alignl.insertGaps(gap2Pos + gapllLength, gap2Length)jnsert new gaps at end

align2.insertGaps(gaplPos, gaplLength){/insert new gaps at start of gap

for (int i = j + 1; i < gapsl.size(); i++)
gapsl.get(i).x += gap2Length;

for (int i = k + 1; i < gaps2.size(); i++)
gaps2.get(i).x += gaplLength;

k++;
if (k == gaps2.size())
kdone =true;

jt+
if (j == gapsl.size())
jdone = true;

}

while (!jdone) {
gaplPos = gapsl.get(j).x;
gaplLength = gapsl.get(j).y;
align2.insertGaps(gaplPos, gaplLength);
for (int i = k; i < gaps2.size(); i++)
gaps2.get(i).x += gaplLength;
j++s
if (j == gapsl.size())
jdone = true;

}

while (!kdone) {
gap2Pos = gaps2.get(k).x;
gap2Length = gaps2.get(k).y:
alignl.insertGaps(gap2Pos, gap2Length);
for (int i = j; i < gapsl.size(); i++)
gapsl.get(i).x += gap2Length;
K++;
if (k == gaps2.size())
kdone =true;

}

alignl.append(align2);
alignl.remove (commonSequence2);

of gap

RealignGapsPairMerger Abstract Class This class is a template for pairmergers
where we want to note the common gaps in the common sequendegaign that
region of the merged alignment in with a multiple alignmergram, which could
even be SpanAlign in a further implementation. Only theigedbaps method needs to

be implemented for subclasses.

public abstract class RealignGapsPairMergeimplements PairMerger {

@Override
public void merge(Alignment xComp, Sequence xSeq, Alignment yComp qumce ySeq) {
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ArrayList<Point> commonGaps = maxGapReturningCommop&xComp, xSeq, yComp, ySeq);

try {
realignGaps (xComp, commonGaps);
9 } catch (1OException e) {
10 e.printStackTrace ();
11 } catch (InterruptedException e) {
12 e.printStackTrace ();
13 }
14 }

16 protected abstract void realignGaps (Alignment alignment, ArrayList<Point> gaijstt) throws IOException
17 InterruptedException;

19 public ArrayList<Point> maxGapReturningCommonGaps (Alignmeatign1 ,
20 Sequence commonSequencel, Alignment align2, SequencemooS@equence2) {

22 ArraylList<Point> gapsl = commonSequencel.getGaps();
23 ArraylList<Point> gaps2 = commonSequence2.getGaps();
24 ArraylList<Point> commonGaps #ew ArrayList<Point >();
25 int | = 0;

26 int k = 0;

27 int gaplPos, gap2Pos, gapllLength, gap2Length;

28 boolean jdone = (j >= gapsl.size());

29 boolean kdone = (k >= gaps2.size());

31 while (!(kdone || jdone)) {

32 gaplPos = gapsl.get(j).x;

33 gap2Pos = gaps2.get(k).x;

34 gaplLength = gapsl.get(j).y;

35 gap2Length = gaps2.get(k).y;

36 if (gaplPos < gap2Pos) {

37 align2.insertGaps(gaplPos, gapllLength);

39 for (int i = k; i < gaps2.size(); i++)
40 gaps2.get(i).x += gapllLength;

42 i+t
43 if (j == gapsl.size())
44 jdone = true;

46 } else if (gaplPos > gap2Pos) {
47 alignl.insertGaps(gap2Pos, gap2Length);

49 for (int i = j; i < gapsl.size(); i++)
50 gapsl.get(i).x += gap2Length;
51 k++;

52 if (k == gaps2.size())

53 kdone =true;

55 } else {
56 int maxGap = Math.max(gaplLength, gap2Length);

58 commonGaps . adcew Point(gapsl.get(j).x, maxGap));

60 alignl.insertGaps(gap2Pos + gaplLength, maxGamaplLength);
61 align2.insertGaps(gaplPos + gap2Length, maxGamap2Length);

63 for (int i = j; i < gapsl.size(); i++)
64 gapsl.get(i).x += maxGap- gaplLength;

66 for (int i = k; i < gaps2.size(); i++)
67 gaps2.get(i).x += maxGap- gap2Length;

69 k++;
70 if (k == gaps2.size())
71 kdone =true;

73 i+t
74 if (j == gapsl.size())
75 jdone = true;

78 }

80 while (ljdone) {

81 gaplPos = gapsl.get(j).x;

82 gaplLength = gapsl.get(j).y;

83 align2.insertGaps(gaplPos, gaplLength);
84 for (int i = k; i < gaps2.size(); i++)
85 gaps2.get(i).x += gaplLength;

86 j++;

87 if (j == gapsl.size())

88 jdone = true;

89 }

91 while (!kdone) {

92 gap2Pos = gaps2.get(k).x;

93 gap2Length = gaps2.get(k).y;

94 alignl.insertGaps(gap2Pos, gap2Length);
95 for (int i = j; i < gapsl.size(); i++)
96 gapsl.get(i).x += gap2Length;
97 k++;

98 if (k == gaps2.size())

99 kdone =true;

100 }

101

102 alignl.append(align2);

103 alignl.remove (commonSequence2);
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return commonGaps;

StatAlignGapsPairMerger Class The realignGaps method is implemented with StatAl-
ign. The MCMC parameters are automated according to theéiumdefined in Section

5.3.

public class StatAlignGapsPairMergerextends RealignGapsPairMerger {

@Override

protected void realignGaps (Alignment alignment ,

for

(int

InterruptedException {

i++) {

i = 0; i < gapList.size();
int a = gaplList.get(i).x;
int b = a + gapList.get(i).y;

Alignment subAl

ArrayList<Point> gaijslt) throws IOException,

ignment = alignment.subAlignment(a, b);

Arraylist<Integer> noneEmptySeqs = subAlignment.gete&mptySequences ();

if (noneEmptySeqs.size() > 1) {/if an alignment

is necessary

I/ remove the empty sequences from the subalignment
j = alignment.getNumberOfSequences{) 1; j >= 0; j—
if (!noneEmptySeqs.contains(Integer.valueOf(j))) {

for (int

}

subAlignment.remove(j);

}

ArraylList<Sequence> rawAlignment = subAlignment.rawghiment();

ReadWriteTools . writeToFASTAFileNoScores (rawAlignnmten “tmpalign");

int F =
Float A
Float B
int N =

200;
= 1.1F;
= 1.3F;

subAlignment.getNumberOfSequences ();

int totalOfAllLengths = 0;

for (Se

}

quence seq

rawAlignment) {

totalOfAllLengths += seq.getLength ();

int L = totalOfAllLengths/N;

Double

int samplingRate = {nt) (cycles / 200);

cycles = Fx Math.pow(A, N) = Math.pow(L,B);
int burnin = (int) (cycles / 2);

System.out.println ("Waiting for StatAlign on "

+ subAlignment.getNumberOfSequences() + " sequences oigté

+ subAlignment.getSequenceLength () + " mcmc=" + burnin +""+ Math.round(cycles) +
" + samplingRate + "...");

Process pr = Runtime.getRuntime (). exec(

String

BufferedReader

while ((line = input.readLine())

input.c

"java —Xmx512m—jar

line = null;

statalign.jar "

+ "tmpalign.fasta—ot=Fasta—mcmc=" + burnin + "," + Math.round(cycles) +

"," + samplingRate);

input =new BufferedReader (

new InputStreamReader(pr.getlnputStream()));

if (!line.isEmpty()) {

if (I(line.charAt(0) == 'S’ & line.charAt(1) == 'a’))

}
}

lose ();

pr.waitFor ();

I=null) {

-~

System.out.printin(line);

System.out. println ("Performed StatAlign.");

subAlignment = ReadWriteTools.readFASTAFile(
"tmpalign . fasta.mpd", subAlignment. getLikelihoodStesgy ()):

String

for (int j = 0; j <n

}

blankSeq = "";
int newAlignmentLength = subAlignment.getSequencelLength ()

blankSeq +=

AlignmentLength;

i) |

ArraylList<Sequence> subAlignmentTolnsert mew ArraylList<Sequence >();
ArraylList<Float> scoresTolnsert = subAlignment. getLikieoods ();

//add the sequences to the sub alignment to insert back into alignment one by one
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/ladding blank sequences where necessary
/1 (StatAlign changes the order of the sequences)
for (int j = 0; j < alignment.getNumberOfSequences(); j++) {
if ('noneEmptySeqs.contains(Integer.valueOf(j))) {
subAlignmentTolnsert.add(j hew Sequence(blankSeq, alignment
.getSequence (j).getName ()));
} else {
subAlignmentTolnsert.add(j, subAlignment.getSequefce
alignment.getSequence (j).getName()));

}

alignment.replacerfew Alignment(subAlignmentTolnsert, scoresTolnsert,
alignment.getLikelihoodStrategy ()), a, b);

new File ("tmpalign.fasta").delete ();
new File("tmpalign.fasta.mpd"). delete ();

int offset = newAlignmentLength- gaplList.get(i).y;

for (int j =i + 1; j < gapList.size(); j++) {
gaplist.get(j).x += offset;
}

MAFFT Align Gaps Pair Merger Class Thie realignGaps method is implemented
with MAFFT.

public class MAFFTAlignGapsPairMergerextends RealignGapsPairMerger {

@Override
protected void realignGaps (Alignment alignment, ArrayList<Point> gaijslt) throws IOException,
InterruptedException {

for (int i = 0; i < gapList.size(); i++) {
int a = gapList.get(i).x;
int b = a + gapList.get(i).y;

Alignment subAlignment = alignment.subAlignment(a, b);
ArraylList<Integer> noneEmptySeqs = subAlignment.get&mptySequences ();
if (noneEmptySeqs.size() > 1) {/if an alignment is necessary
//remove the empty sequences from the subalignment
for (int j = alignment.getNumberOfSequences{) 1; j >= 0; j—) {
if (!noneEmptySeqs.contains(Integer.valueOf(j))) {
subAlignment.remove(j);
}
}
ArraylList<Sequence> rawAlignment = subAlignment.rawghiment();
ReadWriteTools . writeToFASTAFileNoScores (rawAlignnten “tmpalign");
System.out.printin ("Waiting for MAFFT on "
+ subAlignment.getNumberOfSequences() + " sequences ofgté "

+ subAlignment.getSequencelLength ());

Process pr = Runtime.getRuntime (). exec(
"mafft —auto tmpalign.fasta > tmprealign.fasta");

String line = null;
BufferedReader input =new BufferedReader(
new InputStreamReader(pr.getinputStream ()));
while ((line = input.readLine()) !'=null) {
System.out.printin(line);

input.close ();
pr.waitFor ();

System.out. printin ("Performed MAFFT.

System. exit (0);

subAlignment = ReadWriteTools.readFASTAFile(
"tmprealign.fasta", subAlignment.getLikelihoodStrate());

String blankSeq = "";
int newAlignmentLength = subAlignment.getSequencelLength ()
for (int j = 0; j < newAlignmentLength; j++) {

blankSeq +=

}
ArraylList<Sequence> subAlignmentTolnsert mew ArraylList<Sequence >();

ArraylList<Float> scoresTolnsert = subAlignment. getLikieoods ();

/ladd the sequences to the sub alignment to insert back into alignment one by one
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/1 adding blank sequences where necessary
/1 (StatAlign changes the order of the sequences)
for (int j = 0; j < alignment.getNumberOfSequences(); j++) {
if ('noneEmptySeqs.contains(Integer.valueOf(j))) {
subAlignmentTolnsert.add (j new Sequence(blankSeq, alignment
.getSequence(j).getName()));
} else {
subAlignmentTolnsert.add(j, subAlignment.getSequefalgnment.getSequence(j).getName()));
}
}

alignment.replacerfew Alignment(subAlignmentTolnsert, scoresTolnsert,
alignment.getLikelihoodStrategy ()), a, b);

new File ("tmpalign.fasta").delete ();
new File ("tmprealign.fasta").delete ();

int offset = newAlignmentLength- gaplList.get(i).y;
for (int j = i + 1; j < gapList.size(); j++) {

gaplList.get(j).x += offset;
}

StatAlign Low Likelihood Regions Pair Merger Class This is the most advanced
implementation of the pair merger interface. After doingusn&ap pair merge on the
2 alignments, we identify the common gap regions as with bove methods and at-
tempt to realign them. If we do not get a new score higher thatiktelihood threshold,
we reject the new alignment and assume the residues congtspindependent inser-
tions on the common sequence. We also identify columns wittikelihood below
the likelihood threshold and try to realign these regiohthe new alignment does not
have a better average likelihood, we reject the new alighmiris is what the public
static reAlignmentsAccepted variable is for in the App slas

public class StatAlignLowLikelihoodPairMergerimplements PairMerger {
public void merge(Alignment xComp, Sequence xSeq, Alignment yComp qumce ySeq) {
ArrayList<Point> commonGaps = sumGapReturningCommom&3aComp, xSeq, yComp, ySeq);
ArraylList<Point> regionlList = xComp.lowLikelihoodReghsPlusGaps(commonGaps);

try {
statAlignRegions (xComp, regionList);

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

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

}

}

public ArrayList<Point> sumGapReturningCommonGaps (Alignmealtignl ,
Sequence commonSequencel, Alignment align2, Sequencemoo®equence2) {

ArraylList<Point> gapsl = commonSequencel.getGaps();
ArraylList<Point> gaps2 = commonSequence2.getGaps();
ArraylList<Point> commonGaps #ew ArrayList<Point >();
int j =0;

int gaplPos, gap2Pos, gaplLength, gap2Length;
boolean jdone = (j >= gapsl.size());
boolean kdone = (k >= gaps2.size());
while (!(kdone || jdone)) {
gaplPos = gapsl.get(j).x;
gap2Pos = gaps2.get(k).x;
gapllLength = gapsl.get(]
gap2Length = gaps2.get(k
if (gaplPos < gap2Pos) {
align2.insertGaps(gaplPos, gapllLength);

).y
).y

for (int i = k; i < gaps2.size(); i++)
gaps2.get(i).x += gaplLength;
i+
if (j == gapsl.size())
jdone = true;

} else if (gaplPos > gap2Pos) {
alignl.insertGaps(gap2Pos, gap2Length);

for (int i = j; i < gapsl.size(); i++)
gapsl.get(i).x += gap2Length;
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}

k++;
if (k == gaps2.size())
kdone =true;

} else {

int sumGap = gaplLength + gap2Length;

commonGaps . adchew Point(gapsl.get(j).x, sumGap));

alignl.insertGaps(gap2Pos + gaplLength, gap2Length)insert new gaps at end of gap

align2.insertGaps(gaplPos,

for (int i =j+ 1; i <
gapsl.get(i).x

for (int i =k + 1; i <
gaps2.get(i).x

k++;
if (k == gaps2.size())
kdone =true;

s
if (j == gapsl.size())
jdone = true;

while (!jdone) {
gaplPos = gapsl.get(j).x;
gaplLength = gapsl.get(j).y;

}

gaplLength)//insert new gaps at start of gap

gapsl.size(); i++)
+= gap2Length;

gaps2.size (); i++)
+= gapllLength;

++)

align2.insertGaps(gaplPos, gaplLength);
for (int i = k; i < gaps2.size(); i

gaps2.get(i).x += gaplLength;
i+

if

(i == gapsl.size ()
jdone = true;

while (!kdone) {
gap2Pos = gaps2.get(k).x;
gap2Length = gaps2.get(k).y;

}

alignl.insertGaps(gap2Pos,

for

gap2Length);

(int i =j; i < gapsl.size(); i++)
gapsl.get(i).x += gap2Length;

K++;

if

(k == gaps2.size())
kdone =true;

alignl.append(align2);
alignl.remove (commonSequence2);
alignl.increaseMergeCount();

return commonGaps;

}

public void statAlignRegions (Alignment alignment,
InterruptedException {

for

(int

i
int
int

= 0; i < regionList.size();
a = regionList.get(i).x;

i++)

b = a + regionList.get(i).y;

ArrayList<PointregionList) throws IOException,

{

Alignment subAlignment = alignment.subAlignment(a, b);

ArraylList<Float> oldScores = subAlignment.getLikelihde ();

Arraylist<Integer> noneEmptySeqs =

if

(noneEmptySeqs.size () > 1)

grif

subAlignment . get&mptySequences ();

realignment is necessary

I/ remove the empty sequences from the subalignment
for (int j = alignment.getNumberOfSequences{) 1; j >= 0; j—) {
if (!noneEmptySeqs.contains(Integer.valueOf(j))) {
subAlignment.remove (j);

}
}

ArraylList<Sequence> rawAlignment =

subAlignment.rawghiment ();

ReadWriteTools . writeToOFASTAFileNoScores (rawAlignnten "tmpalign™);

int F = 200;
Float A = 1.1F;
Float B = 1.3F;
int N =

int totalOfAllLengths = 0;

for (Sequence seq : rawAlignment) {

subAlignment.getNumberOfSequences ();

totalOfAllLengths += seq.getLength ();

}

int L = totalOfAllLengths/N;

Double cycles = Fx Math.pow(A, N) = Math.pow(L,B);
int burnin = (int) (cycles / 2);
int samplingRate = {nt) (cycles / 200);
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150 System.out. println ("Waiting for StatAlign on "

151 + subAlignment.getNumberOfSequences() + " sequences ofgta "
152 + subAlignment.getSequenceLength () + " mcmc=" + burnin +""4
153 Math.round(cycles) + "," + samplingRate + "...");
154

155 Process pr = Runtime.getRuntime (). exec(

156 "java —Xmx512m—jar statalign.jar

157 + "tmpalign. fasta—ot=Fasta—mcmc=" + burnin + "," +
158 Math.round(cycles) + "," + samplingRate);
159

160 String line = null;

161

162 BufferedReader input =new BufferedReader (

163 new InputStreamReader(pr.getinputStream()));

164 while ((line = input.readLine()) !=null) {

165 if (!line.isEmpty()) {

166 if (!(line.charAt(0) == 'S’ & line.charAt(1) == 'a’)) {

167 System.out. printin(line);

168 }

169 }

170 }

171 input.close ();

172 pr.waitFor ();

173

174 System.out. println("Performed StatAlign.");

175

176 subAlignment = ReadWriteTools.readFASTAFile(

177 "tmpalign.fasta.mpd", subAlignment.getLikelihoodStesy ());
178

179

180 ArraylList<Float> newScores = subAlignment.getLikelihd®();
181

182 float oldScore = 0;

183 float newScore = 0;

184

185 for (Float score : oldScores){

186 oldScore += score;

187

188 oldScore /= oldScores.size ();

189

190 for (Float score : newScores){

191 newScore += score;

192

193 newScore /= newScores.size ();

194

195 App.reAlignmentsAccepted.y += 1;

196 System.out.println ("Old mean likelihood: " + oldScore);
197 System.out.println ("New mean likelihood + newScore);
198 if (newScore > oldScore & !(oldScore == 0.0 & newScore <
199 alignment. getLikelihoodStrategy (). threshold))
200 System.out. println ("Realignment accepted.");

201 System.out. printin ();

202 App.reAlignmentsAccepted .x +=1;

203

204 String blankSeq = "";

205 int newAlignmentLength = subAlignment.getSequencelLength ()
206 for (int j = 0; j < newAlignmentLength; j++) {

207 blankSeq += ~";

208 }

209

210 ArraylList<Sequence> subAlignmentTolnsert mew ArraylList<Sequence >();

211

212 //add the sequences to the sub alignment to insert back into alignment one by one

213 //adding blank sequences where necessary

214 /1 (StatAlign changes the order of the sequences)

215 for (int j = 0; j < alignment.getNumberOfSequences(); j++) {

216 if (!noneEmptySeqs.contains(Integer.valueOf(j))) {

217 subAlignmentTolnsert.add(j new Sequence(blankSeq, alignment

218 .getSequence(j).getName()));

219 } else{

220 subAlignmentTolnsert.add(j, subAlignment.getSequefaBgnment.getSequence(j).getName()));
221 }

222 }

223

224 alignment.replacerfew Alignment(subAlignmentTolnsert, newScores,

225 alignment. getLikelihoodStrategy ()), a, b);

226

227 int offset = newAlignmentLength- regionList.get(i).y;

228

229 for (int j =i + 1; j < regionList.size(); j++) {

230 regionList.get(j).x += offset;

231 }

232

233 new File ("tmpalign.fasta").delete ();

234 new File ("tmpalign.fasta.mpd"). delete ();

235 new File ("tmpalign.fasta.log").delete ();

236 new File (“tmpalign.fasta.ll").delete ();

237

238

239 } else {

240 System.out. printin("Realignment rejected.");

241 System.out. println ();

242 }

243

244 }

245 }

246 }

247 }
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A.2.6 Likelihood Strategies Package

A likelihood strategy contains the threshold with which tass a column as being of
low likelihood and a method to combine the likelihood scofdve columns when
pairmerged.

public abstract class LikelihoodStrategy {
public Float threshold = 0.5F;

public LikelihoodStrategy(Float threshold) {
this.threshold = threshold;
}

public abstract void combine(Float likelihoodl, Float likelihood2);

public void combine(ArrayList<Float> likelihoodsl , ArrayList<Flaa likelihoods2) {
if (likelihoodsl.size() == likelihoods2.size ()) {
for (int i = 0; i < likelihoodsl.size(); i++)
combine(likelihoods1.get(i), likelihoods2.get(i));

} else {
System.out.printin("lllegal likelihood lists as argumtsn for likelihood combiner");
}

public class MinimumLikelihoodStrategy extends LikelihoodStrategy {
public MinimumLikelihoodStrategy (Float threshold) {
super(threshold);

public void combine(Float likelihoodl , Float likelihood2) {
likelihood1l = Math.min(likelihood1 , likelihood2);
}

public class ProductLikelihoodStrategyextends LikelihoodStrategy {
public ProductLikelihoodStrategy(Float threshold) {
super(threshold);

}

public void combine(Float likelihoodl , Float likelihood2) {
likelihood1 = likelihood2;

}

A.2.7 Edge Length Strategies Package

In the current program, this is not used, but it has potential

public interface EdgelLengthStrategy {
public int calculateLength (Alignment alignmentl, Alignment aligemt2);
}

public class NullEdgeLengthStrategyimplements EdgeLengthStrategy {
public int calculateLength (Alignment alignmentl, Alignment aligemt2) {
return 1;
}
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