CHAPTER 3 MATERIALS AND METHODS (D
3.1 Meterials

3.1.1 Cyanobacterial genomic data

The 39 completely sequenced and 13 draft sequenced cyanobacterial genomic data were
obtained from the NCBI database (http://www.ncbi.nlm.nih.gov/). The characteristics of 49
cyanobacterial genomes used in this study and their general genomic properties are shown
in the table 3.1.

3.1.2 Computer resources
1) CPU: Intel(R) Core(TM) 2 Duo CPU @ 2.20GHz
2) Hard disk: 250 GB
3) Memory: 2 GB

3.1.3 Programming languages

The algorithms used for reconstructing the parsimonious evolutionary scenarios were coded
in form of Python Programming language. In addition, the source codes were interpreted
underneath the computer environment of Python 2.6 incorporating with biopython package.

3.1.4 Bioinformatics software and tools

For assigning the homology of protein sequences, the NCBI standalone BLAST was used.
The OrthoMCL tool was applied to construct the cluster of cyanobacterial protein genes.
The evolutionary tree reconstruction was used the MEGA software version 4 (Tamura, et
al., 2007). Moreover, the SplitTree 4.8 program (Huson and Bryant, 2006) was used for
constructing phylogenetic networks of the phyletic pattern of cyanobacterial genes.
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3.2 Methodologies

3.2.1 Overview

The aim of this study is to uncover the cyanobacterial evolutionary scenarios by using
the available public genomic sequences. Overall methodologies of this study can be
briefly described as a flowchart in a figure 3.1. From the collection of all cyanobacterial
proteomes which are available in the NCBI database, the cyanoCOGs construction was
performed by using the OrthoMCL methods. The resulted cyanoCOGs were used to
identify the phyletic pattern, and reconstruct the cyanobacterial evolutionary tree. Then,
the phyletic pattern used to determine the evolutionary scenario of each individual
protein according to the reconstructed evolutionary tree. Finally, the whole gene gain
and loss event in cyanobacterial lineages could be uncovered.

3.2.2 Construction of cyanobacterial clusters of orthologous groups of
proteins (cyanoCOGs)

OrthoMCL procedure starts with all-against-all BLASTP comparisons of a set of
protein sequences from genomes of interest as show in figure 3.2. Putative orthologous
relationships are identified between pairs of genomes by reciprocal best similarity pairs.
For each putative ortholog, probable “recent” paralogs are identified as sequences
within the same genome that are (reciprocally) more similar to each other than either is
to any sequence from another genome. Based on empirical studies, a P-value cut-off of
1 x e~ was chosen for putative orthologs or paralogs.

Following, putative orthologous and paralogous relationships are converted into a graph
in which the nodes represent protein sequences, and the weighted edges represent their
relationships. As shown in figure 3.3, weights are initially computed as the average-
Log(P-value) of BLAST results for each pair of sequences. Because the high similarity
of “recent” paralogs relative to orthologs can bias the clustering process, edge weights
are then normalized to reflect the average weight for all ortholog pairs in these two
species (or “recent” paralogs when comparing within species). Although more
sophisticated weighting schemes can be envisioned, this simple method for adjusting the
systematic bias between edges connecting sequences within the same genome and edges
connecting sequences from different genomes seems to generate satisfactory results,
judging from the comparison with INPARANOID, the EGO database, and EC
annotations. The resulting graph is represented by a symmetric similarity matrix to
which the MCL algorithm is applied. MCL uses flow simulation and considers all the
relationships in the graph globally and simultaneously during clustering, providing a
robust method for separating diverged paralogs, distant orthologs mistakenly assigned
based on (weak) reciprocal best hits, and sequences with different domain structures. An
important parameter in the MCL algorithm is the inflation value, regulating the cluster
tightness (granularity); increasing the inflation value increases cluster tightness (see
below). Clusters containing sequences from at least two species form the final output of
this procedure: clustered groups of orthologs and “recent” paralogs.
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Figure 3.1 Overall methodologies for finding the evolutionary scenario of
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(Li, et al., 2003).
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Figure 3.3 Illustration of sequence relationships and similarity matrix construction

(Li, et al., 2003).

The ortholog (originated by specification) are represented by the solid arrows, and the
“recent” paralog are represented by the dotted arrows (originated by genetic duplication
after specification). The upper right half of the matrix contains initial weights calculated
as average —log,,(p-value) from pairwise BLASTP similarities. The net result of the

normalization by an average weight among all orthologous pairs, is to correct for
systematic differences in comparisons between two species (e.g., differences
attributable to nucleotide composition bias), and within a same species, to minimize the
impact of “recent” paralogs (duplication within a given species) on the clustering of
cross-species orthologs (Li, et al., 2003).
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3.2.3 Cyanobacterial lineage reconstruction

The cyanobacterial evolutionary tree was reconstructed by using the concatenated
ribosomal proteins as shown in the figure 3.4. A straightforward phylogenetic analysis
consists of four following steps, which every step were done by MEGA 4.1 program
(Tamura, et al., 2007). In addition, the phylogenetic trees of the photosynthetic
apparatus genes have also been reconstructed with this method.

1) A typical alignment procedure involves the application of a program such as
CLUSTALW, followed by manual alignment editing and submission to a tree
building program.

2)  The substitution model should be given the same emphasis as alignment and tree
building. For protein sequences from closely related species BLOSUMS0
substitution matrix are appropriated for determining the substitution model.

3)  Neighbor Joining (NJ) was performed for building the evolutionary tree of
cyanobacteria.

4) The 1,000 bootstrapping, which mean the 1,000 phylogenetic trees that
reconstructed from the resampling the protein sequences, was performed in order
to evaluate the robustness of the reconstructed phylogenetic tree.
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Figure 3.4 The concatenated ribosomal proteins are used for reconstructing the inferred
evolution of cyanobacterial lineage. The label ‘L’ and ‘S’ represent the large and small
ribosomal protein subunit, respectively.
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3.2.4 Evolutionary scenarios reconstruction

The problem of building a parsimonious evolutionary scenario, given a gene’s phyletic
pattern and a binary evolutionary tree, can be formalized in term of bottom-up fashion.
This is achieved by building a parsimonious scenario for a parent given parsimonious
scenario for its children. This required maintaining, at each node of the tree, set of loss
and gain events under both the assumption that the gene has been inherited at the node
(4,) and the assumption that it has not been inherited (4, ).

Let now consider the parent-children triple show in the figure 3.5 Each node in the triple
is assigned with the set of loss and gain events under each of the above inheritance
) [G,

assumptions:
G

n n

'} for the parent and similar quadruples for the children (see
figure 3.5). The set G, refers gain events in the subtree descending from the parent
assumption 4,. Conversely, the set L, contains the nodes, which have been lost under
assumption A . The set G, and L, have similar meaning, but under the non-inheritance
assumption 4, . Let denote the total number of events by ¢, = ‘Gll + \L,| under 4,, and by
en = .Gn|+ Ln
inconsistency of the given node, respectively. An evolution scenario, at given node, is
thus defined by a pair of sets (G, L) representing the gains and losses in the sub-tree
rooted at the node and use (G, L;) and (G», L,) to denote scenarios under assumptions 4,
and A,, respectively.

under A, . These will be referred to the i-inconsistency and n-

How can these sets in the parent be derived from those in the children? First, under
assumption 4,, the sets G, and L; given all the loss and gain sets at the children will be
determined. There are two alternative scenarios: (i) the gene has been lost in the parent,
or (ii) the gene has not been lost in the parent. In the first case, the lost gene could not
have been inherited by the children and, thus, sets Ly and L, are the relevant loss
events and sets G,; and G, are the relevant gain events. The sets for the parent are then
determined by combining the corresponding set for the children:

G =G

nl

WG,

L=L,VL,v {parent} (hH

The parent is added in the latter equation because of the assumed loss event. In the
second case, the gene has been inherited and not lost; thus the loss/gain event sets will
be determined by the other sets of events in the children, viz. L, Li2. Gis, and Gj2. The
sets at the parent are given by:

Gl = Gil UG:Z

2
Ll :LHULI'Z ( )
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Figure 3.5 Patterns of events in a parent-children triple according to a parsimonious

scenario (Mirkin, et al., 2003).



27

Of the two alternatives, principle of parsimonious suggests selecting the one with the
smaller number of events. Under scenario (i), the total number of events is

e =e,, +e,, +1and, under scenario (ii), the total is ¢, = e, +¢,,, according to (3) and (4).
respectively. Parsimony suggests to selecting the minimal total score scenario:

e,=min(e, +e,, +1, ¢, +e,) 3)

When e, +e,,+1=¢, +e, either scenario may be selected. This ambiguity is removed

nl n2

by using exiernal eritenion. For exampie, seenanio (i) may be preiered hreanse s
does not introduce additional events in the parent.

Let now determine the sets of G, and L, under the assumption 4,. There are again two
alternative scenarios: (7) the gene has been gain in the parent, or (if) the gene has not
been gain in the parent. In the first case, the gain gene should be inherited by the
childrenand, thus, to determine G, and L, sets L;; and L;, are the relevant loss events,
and sets G;; and G;; are the relevant gain events. Then:

G, =G, UG, U {parent} )
L=L,VL, &

The parent is added in the former equation because of the assumed gain events.

Under scenario (ii), the gene has not been gained; thus, the loss and gain event sets will
be determined by the other sets at the children, which yield:

G el UGS )
Ln = Lnl “ Ln2 (D)
Parsimony requires that the scenario with the smaller number of events is selected. The
total number of events is e, =e, +e, +1 under scenario (/) and e, =e, +e¢,, under
scenario (ii), according to (6) and (7), respectively. As discussed above, the likelihood
of gains and losses may not be equal; losses are generally considered to be more likely
than gain. Therefore gains may be charged with a penalty, g, which corresponds to the
generalized parsimony approach. Taking this into account, e; and e, were redefined as:

e, :g-[G,i+IL,|
G |+|L

n

+

eN:g.

n

This modify the recurrence under scenario (i) to e, =e, +¢, + g . Thus, the scenario to
be selected is defined by:

en = min(e” +el§ i g’ enl +er12) (6)
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When e, +e,, + g =e¢, +e,, we may once again remove the ambiguity by selecting the

scenario according to external criterion. For instance, scenario (/i) may be preferred as it
introduces no additional gain events at the parent.




