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Chlorella has been identified as one of the most interesting microalgae species,
which has high nutritional values, high growth rate, and is able to produce a wide
range of metabolites in response to environmental changes. The objectives of
this study are to characterise the morphology and biochemical contents and to
identify the genes and miRNAs involved in regulating the production of
carotenoids and lipids in Chlorella sorokiniana and Chlorella zofingiensis when
cultured under high light intensity combined with glucose supplementation. In this
study, stress was introduced to the Chlorella cultures by adding 2% 1glucose and
increasing the light intensity from 10 to 100 pmol photons m” s. Then, the
pigments, total phenolic contents, and antioxidant activities of both Chlorella
species were evaluated. The results showed that both strains grew larger when
cultured under stress condition. Although the total carotenoid content was
increased under stress condition, reduction of the pigment and total phenolic
contents associated with lower antioxidant activity were also recorded.
Subsequently, the transcriptome of C. sorokiniana was sequenced using lllumina
paired-end sequencing, and 198,844,110 raw reads with the length of 100 bp
were produced. After pre-processing, ~95% of high quality reads were de novo
assembled using Trinity software into 18,310 contigs. Analysis of differential
gene expression by DESeq2 package showed that a total of 767 genes were
upregulated and 948 genes were downregulated in stress conditions. Then,
miRNAs that regulate the genes during normal and stress conditions of both C.
sorokiniana and C. zofingiensis were profiled and analysed using CLC Genomic
Workbench and OmiRas. From both analysis pipelines, the known and predicted
novel miRNAs were identified. Although most of the identified miRNAs were not
functionally determined, this study suggests that they were species-specific,
which may have roles in regulating genes during stress condition. In conclusion,
identifying the genes and the regulation of various metabolite productions under
different growth conditions are useful for further strain enhancement of the
microalgae.



Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia
sebagai memenuhi keperluan untuk ijazah Doktor Falsafah

PENCIRIAN MORFOLOGI, BIOKIMIA DAN TRANSKRIPTOMIK BAGI
Chlorella sorokiniana DAN Chlorella zofingiensis SEMASA KEADAAN
NORMAL DAN TEKANAN

Oleh
SITI NOR ANI BINTI AZAMAN
Julai 2017

Pengerusi : Yeap Swee Keong, PhD
Fakulti : Institut Biosains

Chlorella telah dikenalpasti sebagai salah satu spesies microalga yang paling
menarik dan mempunyai nilai pemakanan dan kadar pertumbuhan yang tinggi,
serta dapat menghasilkan pelbagai metabolit sebagai tindak balas kepada
perubahan persekitaran. Objektif kajian ini adalah untuk mencirikan kandungan
morfologi dan biokimia dan mengenal pasti gen dan miRNA yang terlibat dalam
mengawal pengeluaran karotenoid dan lipid dalam Chlorella sorokiniana dan
Chlorella zofingiensis apabila dibiakkan di bawah keamatan cahaya tinggi yang
digabungkan dengan penambahan glukosa. Dalam kajian ini, tekanan telah
diberikan kepada kultur Chlorella dengan menambahkan 2% glukosa dan
meningkatkan keamatan cahaya dari 10 ke 100 pmol foton m™ s™'. Kemudian,
pigmen, jumlah kandungan fenol, dan aktiviti bahan antioksida bagi kedua-dua
spesies Chlorella telah dinilai. Keputusan menunjukkan bahawa kedua-dua
strain tumbuh lebih besar apabila dikultur dalam keadaan tekanan. Walaupun
jumlah kandungan karotenoid meningkat dibawah keadaan tekanan, penurunan
pigmen dan jumlah kandungan fenol yang dikaitkan dengan aktiviti bahan
antioksidan yang rendah juga direkodkan. Seterusnya, transkriptom C.
sorokiniana telah dijujukkan menggunakan teknologi penjujukan hujung
berpasangan lllumina, dan sebanyak 198,844,110 jujukan nukleotid mentah
dengan panjang 100 bp telah dihasilkan. Setelah dipraproses, ~95% bacaan
berkualiti tinggi dihimpunkan secara de novo menggunakan perisian Trinity
menjadi 18,310 kontig. Analisis pembezaan pengekspresan gen oleh pakej
DESeq2 menunjukkan sebanyak 767 gen dikawalatur menaik dan 948 gen
dikawalatur menurun dalam keadaan tekanan. Kemudian, miRNA yang
mengawal gen semasa keadaan normal dan tekanan kedua-dua C. sorokiniana
dan C. zofingiensis diprofilkan dan dianalisis menggunakan CLC Genomic
Workbench dan OmiRas. Berdasarkan kedua-dua saluran kaedah analisis ini,
miRNA sedia diketahui serta miRNA ramalan novel telah dikenal pasti.
Walaupun kebanyakan miRNA yang dikenal pasti ini tidak ditentukan fungsinya,
kajian ini mencadangkan bahawa ia adalah khusus kepada spesies tersebut



yang mungkin mempunyai peranan tertentu dalam mengawalatur gen semasa
keadaan tekanan. Kesimpulannya, mengenal pasti gen dan pengawalaturan
pengeluaran pelbagai metabolit dalam keadaan pertumbuhan yang berbeza
adalah sangat berguna bagi peningkatan strain mikroalga ini.
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CHAPTER1

GENERAL INTRODUCTION

Microalgae have been identified as good source of lipids for biofuels, protein
and health metabolites including polyphenols, vitamins and antioxidants
(Mostafa 2012). Chlorella sp. has received considerable attention, in view of its
relatively high nutritional value, its capacity to modify its metabolites in
response to changes in its growth medium, relatively rapid rates of
reproduction and the possession of a thick cell wall that protect its nutrients
(lwamoto 2004). The microalgae Chlorella can produce an unusually wide
range of metabolites during both normal growth and growth under stress (de
Morais et al. 2015). It is well known that different microalgae produce different
metabolites during stress (Skjanes et al. 2013).

In this study, two species of microalgae Chlorella sorokiniana and Chlorella
zofingiensis were selected and evaluated based on their potential for producing
high value metabolites under different culture conditions. The relative
concentrations and profiles of various metabolites in microalgae are similar
under optimal growth. However, the metabolite profile undergoes considerable
changes under sub-optimal growth. Different algae species use different
methods for managing these changes in the environment. Depending on their
ability to handle various stresses, the microalgae produce different secondary
metabolites to increase their chances of survival (Skjanes et al. 2013).

Numerous studies concerning the effects of stress upon the metabolome of
microalgae have been documented in the literature (Ip and Chen 2005a;
Lemoine and Schoefs 2010). However, our understanding of how microalgae
respond to physiological stress at the molecular level is largely confined to
model organisms, and the relevant pathways in microalgae have not been fully
documented. Furthermore, the size and the appearance of microalgae can
change profoundly depending on the environmental conditions and associated
levels and types of stress. There is a clear need to improve the set of molecular
methods and tools for working with microalgae. Previous studies suggested
that, when the microalgae Chlorella was grown under different growth
condition, the colour of the Chlorella changed from green to red or yellow, as a
consequences of contributed by the pigment production (Ip et al. 2004; Del
Campo et al. 2004; Ip and Chen 2005b; Cordero et al. 2011).

Phenotypic details surrounding the influence of stress on the production of
pigments and metabolites that contribute to microalgae survival, can be
understood by performing comparative transcriptome profiling (Fu et al. 2014;
Sun et al. 2015). Transcriptomic study is an appropriate tool which provides an
initial, broad view of the regulation of secondary metabolite biosynthetic
pathways during a microalgal stress response. So far, the studies have focused
on growth experiments and metabolite content screening, and have yielded
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very limited information in respect of gene expression, in microalgae under
normal and stress conditions (Doan et al. 2011; Perez-Garcia et al. 2011; Baba
and Shiraiwa 2013; Goiris et al. 2015). With the discovery of specific classes of
RNA molecules as gene regulatory in addition to the more widely accepted
protein based transcriptional regulatory (Bartel 2004), transcriptome
sequencing can provide a valuable approach for obtaining microalgae
functional genomics information. However, transcriptomes relating to the
biosynthetic pathways of lipids, polyphenols and vitamin D of Chlorella species
remain to be profiled. Therefore, it is important to study the transcriptomic
profile as well as the metabolite composition of Chlorella. It is important and
timely to determine the true potential of these species and to support the
potential for genetic engineering of these microalgae as they become an
increasing focus for their development as alternative source of biofuel, food
and health supplements.

In this study, C. sorokiniana and C. zofingiensis, two Chlorella species that
exhibit relatively fast growth rates and have potential to produce high yields of
secondary metabolites, including secondary pigments, during mixothropic
growth were chosen. By performing systematic studies including both
physiological (morphological and biochemical) and molecular response of both
Chlorellas towards normal and stress conditions, this study would provide
necessary information for understanding the molecular basis of some important
metabolite biosynthesis pathways such as lipids and carotenoids.



1.1

Statement of the hypotheses

The hypotheses of this study are:

1.

1.2

High light intensity combined with glucose supplementation that
increase pigments and lipids production would alter antioxidant activity
in C. sorokiniana and C. zofingiensis.

Transcriptomic analysis would reveal the upregulation of genes involve
in carotenoid and lipid biosynthesis pathways of C. sorokiniana and C.
zofingiensis when cultured under high light intensity combined with
glucose supplementation.

Small RNA transcriptomic analysis would reveal the specific miRNA
involve in regulating the production of carotenoid and lipid in C.
sorokiniana and C. zofingiensis when cultured under high light intensity
combined with glucose supplementation.

Research objectives

The objectives of this study are:

1.

To characterise the morphology and biochemical contents (such as
pigments, phenolic and antioxidant) of C. sorokiniana and C.
zofingiensis under normal and high light intensity combined with
glucose supplementation stress conditions.

To identify the genes involved in regulating the production of
carotenoids and lipids in C. sorokiniana and C. zofingiensis when
cultured under high light intensity combined with glucose
supplementation through RNA-sequencing technique.

To identify the miRNAs involved in regulating the production of
carotenoids and lipids in C. sorokiniana and C. zofingiensis when
cultured under high light intensity combined with glucose
supplementation through small-RNA sequencing technique.
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