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PREFACE

This thesis was written in order to accomplish my master degree graduation in field of
Bioinformatics, King Mongkut’s University of Technology Thonburi (KMUTT). It
consists of two separated parts. The first part is “Evolutionary scenarios of
cyanobacterial lineage as determined by comparative genomic approach” or Thai title

name is “msfAnyungmsel lumoiTanmsvesams widsunuiniude3smsined Tuun

nf3ouioy”. This part was done at King Mongkut’s University of Technology Thonburi
(KMUTT), Bangkok, Thailand. The second part is “Single Nucleotide Polymorphisms
(SNPs) and Genome Wide Association Study (GWAS) content pack” or Thai title name
is “ndesfoya naznanmawgiuuuuiiedlelndiier uay msnuanuidenToaveaiies Tuw”.

This part was completed with Torrey Path Inc., Thailand.

Each part of thesis consist of five major chapters, which are an introduction, literature
review, materials and methods, results and discussions, and conclusions and
recommendations. Moreover, the programming code and the supported information are
included in the appendixes parts.
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Cyanobacteria are central to carbon and nitrogen cycles, and have significantly
contributed to global primary production. They are found in almost every possible
habitat, including oceans, fresh water, bare rock, and soil, reflecting the broad range of
biosynthetic capabilities of this bacterial group. However, their biological properties,
habitats, and environmental niches that govern their genomic content and evolution are
poorly understood. In this study, a comparative genomic analysis of 36 completed and
13 nearly completed cyanobacterial genomes from public databases was used to reveal
the evolutionary dynamics of cyanobacterial genomes that were driven by the external
factors. The analysis of the cyanobacterial orthologous group of proteins (cyanoCOGs)
revealed that 570 out of 15,741 protein families are commonly encoded in every
cyanobacterial species (strictly core cyanoCOGs). A parsimonious evolutionary
scenario algorithm—which required the reconstructed phylogenetic tree from the
concatenated core ribosomal protein genes and phyletic patterns of all cyanoCOGs as an
input—was implemented in order to uncover the evolutionary scenarios of
cyanobacterial genomes. It was found that the modern cyanobacterial genomes with
genomic content ranging from 1,717 to 8,383 genes evolved from the last
cyanobacterial common ancestor (LCCA) that possessed, conservatively, only 2,468
genes. Considering all core photosynthetic apparatus and some accessory genes, the
LCCA was inferred as a photoautotroph, which conveyed their photosynthetic
capability to the modern cyanobacteria. However, over evolutionary time, the
descendent picocyanobacteria have lost the gene responsible for accessory pigments
responsible for adaptation to their niches. It is interesting to note that the extensive gene
gain via horizontal gene transfer was found in Nostocales and Oscillatotiales,
particularly genes in the nitrogen fixation process, and extensive gene loss was found in
the marine picocyanobacteria.

Keywords: Cyanobacteria / Evolution Scenarios / Comparative Analysis /
Phylogenetic Analysis / Gene Loss / Gene Gain.
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