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Allopolyploidy is a genomic configuration wherein more than two genomes derived from divergent parental
species coexist within an organism. It is known as prevalent genomic structure in terrestrial plants, in particular
in agricultural crops, believed as an important source of genetic variation for plant speciation. Previous studies
have revealed its intriguing property that it frequently provides advantageous characteristics, such as high
environmental adaptability, to plants that render the organism to be more advantageous for agriculture. Therefore,
allopolyploidy could be an advantageous genetic factor for improve the productivity of crops or any other plants
for agricultural and industrial usage. However, throughout century long history of allopolyploid study,
allopolyploidy has never been reported in microalgae, which is prominent hosts for industrial macromolecular
production.

Microalgae, a major group of eukaryotic photosynthetic organisms, are one of the most successfully diversified
organisms on the planet, which up to several million species are considered to exist worldwide. The study of
microalgae has attracted large attention for the last few decades because they are recognized as prominent hosts
for production of functional macromolecules which could be converted into useful products for the general
publics, such as biofuels and pharmaceuticals. One of the useful microalgal macromolecule is lipids which are
mainly accumulated in the form of triacylglycerol (TAG) in their cells. Various microalgal species, include
species of Bacillariophyceae (or diatom), are known to naturally accumulate TAGs under certain stressed
conditions.

Research group of candidate has previously discovered the oleaginous diatom Fistulifera solaris JPCC DAO0580
strain, which showed one of the highest lipid accumulating ability in reported microalgae (~65%, w/w) with
decent growth rate in large-scale outdoor cultivation systems. This diatom has been received attention as a
potential host for biofuel production, but in addition, its genomic study revealed that this is the world first
allopolyploid discovered in microalgae, possessed 9,007 diversified gene pairs, called homoeologous gene,
which has been inherited from two distinct ancestors. Since this diatom shows both allopolyploidy and high
potency as a host for lipid production, there is a possibility that allopolyploid contribute to high productivity in
microalgae as well as terrestrial plants. However, the study of allopolyploidy in microalgae are completely
missing, and also the study was hindered by the difficulty of subgenome classification due to limited genomic
resource of diatoms.

In this study, the candidate investigated the allopolyploid genomic structure of F. solaris and its expression,
especially focusing on the lipid metabolic process. The molecular insights proposed in this study provide the
novel insights to the mechanisms of lipid metabolism in highly oleaginous, allopolyploid microalga, and also
provide the potential target for genetic engineering to develop the metabolically engineered microalga for lipid

production.



This thesis is composed of following chapters:
Chapter 1:  General Introduction
Chapter 2:  Classification of Genome into Subgenomes
Chapter 3:  Homoeolog Expression Bias in Global Transcriptomes
Chapter 4:  Homoeolog Expression Bias in Lipid Metabolic Pathways
Chapter 5:  Summary and Future Prospects

The contents of each chapter are in the following:

Chapter 1: General Introduction

In this chapter, general information of allopolyploidy and microalgae, especially focusing on diatom, will be
described. The information includes 1) previous allopolyploid studies, mainly with terrestrial plants, 2) the
microalgal usage in macromolecular production, 3) previous studies of diatoms, 4) strategy for improving lipid

productivity in microalgae.

Chapter 2: Classification of Genome into Subgenomes

In this chapter, allopolyploid genome of F. solaris was investigated. In previous study, the genome of F. solaris
was reported as an allopolyploidy, due to abundancy of duplicated genes with highly diversified sequence
similarity, called homoeologous genes, which was considered to be generated from interspecies hybridization.
However, its genomic information was intermingled with different ancestral genome, which could not be
separated into distinct subgenomes due to lack of genomic resource of diatoms. This caused a difficulty of
analyzing allopolyploid genome of F solaris.

To overcome this challenge, we tentatively classified the genome of F solaris into two pseudo-parental
subgenome by analyzing GC content ratio and codon usage bias. Comparison of these species specific genomic
characteristic enabled to divide the genome into two distinct fractions, which were tentatively called
pseudo-parental subgenomes Fso h and Fso 1. This classification enabled to study a biased gene expression in
allopolyploid, known as homoeolog expression bias, which are explained in next chapter.

This Chapter is based on the article “Homoeolog Expression Bias in Allopolyploid Oleaginous Marine Diatom

Fistulifera solaris”.

Chapter 3: Homoeolog Expression Bias in Global Transcriptomes

In this chapter, homoeologous gene expression in F. solaris during lipid accumulation was comprehensively
analyzed, based on classification in previous chapter. Previous allopolyploid studies in higher plants revealed
that homoeologous genes from each parent frequently show unequal expression level. This biased expression,
called homoeolog expression bias in allopolyploid, is considered to be important factor for allopolyploid to have
diversified phenotype from its ancestors. However, since F. solaris is only genome-read allopolyploid microalga,

study of homoeolog expression bias in microalgae is completely missing.
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The transcriptome study revealed that more than half of the homoeologous gene pairs in F solaris show
homoeolog expression bias. It was also discovered that many genes showed homoeolog expression bias
consistently towards specific subgenome, suggesting that some homoeologous genes are preferably expressed
from one of the genome. Further expression analysis showed that homoeolog expression bias are occurring in
specific metabolic pathways, which in case of F solaris, lipid metabolism shows the homoeolog expression bias.
Further analysis on homoeolog expression bias in lipid metabolic pathways will be described in chapter 4.

This Chapter is based on the article “Homoeolog Expression Bias in Allopolyploid Oleaginous Marine Diatom

Fistulifera solaris”

Chapter 4: Homoeolog Expression Bias in Lipid Metabolic Pathways

In this chapter, homoeolog expression bias of genes involved in lipid metabolic pathways were investigated. To
study the expression bias in lipid metabolism observed in chapter 3, we looked the gene expression during lipid
accumulation and degradation, and revealed that genes involved in lipid synthetic pathway in chloroplast and
endoplasmic reticulum (ER) showed trend of biased expression towards subgenome Fso 1, while genes involved
in lipid degradation in peroxisome and mitochondria showed biased towards the other subgenome Fso_h.

For analysis of lipid degradation pathway, sequence analysis was performed for discover putative TAG lipases.
In initial step of lipid degradation, TAG is degraded to diacylglycerol (DAG) and free fatty acids by catabolic
enzyme TAG lipases [EC3.1.1.3]. However, studies of TAG lipase in microalgae is limited, that only two TAG
lipases were functionally characterized in model diatom species in recent studies.

Based on sequence analysis, 42 putative TAG lipases were discovered in F solaris. In addition, these putative
TAG lipases showed homoeolog expression bias towards Fso h during lipid degradation, which follow the trend
discovered in chapter 3. This supports the results that lipid biosynthesis and degradation in F solaris were
strongly contributed by different subgenomes, suggesting that oleaginous phenotype of F solaris could be
generated by admixture of these subgenome.

This Chapter include informations from the article “Homoeolog Expression Bias in Allopolyploid Oleaginous
Marine Diatom Fistulifera solaris” and “Comprehensive analysis of triacylglycerol lipase in the oleaginous

diatom Fistulifera solaris JPCC DA0580 with transcriptomics under lipid degradation-induced culture”.

Chapter 5: Summary and Future Prospects

In final chapter, the information of previous chapter was summarized and conclusion of this study was described.

In addition, future prospect of this study was described.
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