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Abstract of thesis presented to the Department of Cell and Molecular Biology in 

fulfilment of the requirement for the Degree of Science (Hons.) Cell and Molecular 

Biology 

VERIFICATION OF SEQUENCES DERIVED FROM DE NOVO ASSEMBLY 

OF mRNA SEQ. DATA OF GRACILARIA CHANGII 

By 

NUR AFIZA BINTI MOHD ZAINUDDIN 

JUNE 2015 

Chair: Assoc. Prof. Dr. Ho Chai Ling 

Faculty: Faculty of Biotechnology and Biomolecular Science. 

De novo RNA –Seq assembly facilitates the study of transcriptomes without the need 

for a genome sequence especially for non-model organisms. However, assembly of 

such data may produce errors. One of these errors could be due to direct and inverted 

repeats in sequences. However, the presence of repeat contents could be due to either 

assembly problem or post transcriptional modification in the cells. This study was 

conducted to verify the sequences (1_CL2250Contig1 (Gc2250), 

CC_1_CL1944Contig1 (Gc1944), 1_CL8489Contig1 (Gc8489) and CC _Lc_4470 

(Gc4470)) derived from de novo assembly of mRNA sequencing data of Gracilaria 

changii which contain direct and inverted repeats. The cDNA of control and sulphate 

deprivated G.changii samples were amplified by polymerase chain reaction (PCR) 

using specific primers. The PCR products were cloned into the TOPO TA vector and 

transformed into Escherichia coli DH5α. Colony PCR was performed for 

confirmation of positive transformants. The TOPO TA vector carrying the inserted 

sequence was extracted from the host. For each PCR products, plasmid DNA 

samples from three positive clones were sequenced using M13 universal primer. The 

sequencing results showed that, the repeats were due to the assembly errors. 

 

Keywords: De novo assembly, repeat contents, sequencing 
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Abstrak tesis yang dikemukakan kepada Jabatan Biology Sel dan Molekul 

sebagai memenuhi keperluan untuk ijazah Sains (Kepujian) Biologi Sel dan 

Molekul. 

PENGESAHAN JUJUKAN YANG DIPEROLEHI DARIPADA DE NOVO 

HIMPUNAN DATA mRNA SEQ GRACILARIA CHANGII 

Oleh 

NUR AFIZA BINTI MOHD ZAINUDDIN 

JUN 2015 

Pengerusi: Prof. Madya Dr. Ho Chai Ling 

Fakulti: Fakulti Bioteknologi dan Sains Biomolekul. 

De novo RNA -Seq himpunan memudahkan kajian transkriptom tanpa memerlukan 

urutan genom terutama bagi organisma bukan model. Walau bagaimanapun, 

himpunan data tersebut boleh menghasilkan ralat. Salah satu ralat ini mungkin 

disebabkan jujukan langsung dan songsang. Walau bagaimanapun, kehadiran 

kandungan berulang boleh disebabkan sama ada masalah himpunan atau 

pengubahsuaian selepas transkripsi dalam sel-sel. Kajian ini dijalankan untuk 

mengesahkan jujukan (1_CL2250Contig1 (Gc2250), CC_1_CL1944Contig1 

(Gc1944), 1_CL8489Contig1 (Gc8489) and CC _Lc_4470 (Gc4470)) berasal dari de 

novo himpunan data mRNA jujukan Gracilaria changii yang mengandungi ulangan 

langsung dan songsang. cDNA kawalan dan kekurangan sulfat sampel G.changii 

telah diamplifikasi melalui tindak balas berantai polimerase (PCR) menggunakan 

pencetus tertentu. Produk PCR telah diklonkan ke dalam vektor TOPO TA dan 

ditransformasi ke dalam Escherichia coli DH5α. Penyaringan koloni melalui PCR 

telah dilakukan untuk pengesahan transforman positif. Vektor TOPO TA yang 

membawa jujukan selitan telah diektsrak daripada perumah. Untuk setiap produk-

produk PCR, sampel DNA plasmid dari tiga klon positif telah dijujuk menggunakan 

M13 pencetus umum. Keputusan penjujukan menunjukkan ulangan adalah 

disebabkan oleh kesilapan himpunan.  

Kata kunci: De novo himpunan, kandungan berulang, penjujukan 
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CHAPTER 1 

INTRODUCTION 

1.1 Research background 

DNA sequencing techniques are important tools in many fields such as in genetic 

study, biotechnology, molecular biology and forensic sciences. The most common 

approach used to sequencing DNA was introduced by Frederick Sanger in 1977 

which is known as the Sanger sequencing method. The design of his method is still 

very popular today. Sanger’s method is also known  as dideoxy sequencing or chain 

termination method. This technique uses dideoxynucleotide triphosphates (ddNTPs) 

labelled with radioactive labelling such as dideoxyadenine (ddATP) and 

dideoxyguanine (ddGTP). These molecules resemble normal nucleotides but lack the 

normal -OH group. The replication process will stop every time the corresponding 

ddNTP is incorporated. The products are then separated through four lanes of a 

polyacrylamide gel and scored according to their molecular masses (Ji et al., 2008). 

In 1986, the Caltech team developed an automated platform using fluorescent 

detection of termination which is less harzadous. The former method is a radioactive 

method which requires four gel lanes, one for each reaction vessel while the later 

method uses nonradioactive fluorescence and requires only one gel lane because 

each nucleotide has a distinct colour. The first generation sequencing is laborious 

and costly (Ulucan 2014). 

After years of improvement, the Next-Generation Sequencing (NGS) has been 

developed. The NGS enables researchers to study biological systems at a level never 

before possible. The NGS usually produces a large amount of data in a short time 

with reduced cost (Medini et al., 2008). There are three major sequencing platforms 
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for NGS (454 sequencing, SOLID System and Illumina sequencing) and they do not 

rely on the traditional method (Haridas et al., 2011). These platform produce short 

reads approximately 50 to 400 nucleotides depending on the selected platform.  

Among them, Illumina has been commonly used for sequencing purpose such as for 

model and non-model organisms (De Donato et al., 2013). 

De novo assembly is widely used for assembly of RNA sequencing (RNA-seq) data 

of non-model organisms and metagenomic data (Zhang et al., 2012). According to 

Paszkiewicz et al (2010), de novo sequence assembly is a process whereby 

individual sequence reads were merged to form long contiguous sequences 

(‘contigs’) sharing the same nucleotide sequence as the original template DNA from 

which the sequence reads were derived. It allows the study of transcriptomes without 

the needs of genome sequences. RNA has become a cost effective way to quickly 

obtain sequence information for non –model systems. RNA-seq reads represent short 

pieces of all the mRNA present in the tissue at the time of sampling. RNA-seq is a 

robust tool for simultaneous transcriptome characterization and differential gene 

expression (DGE) analysis in a single cell type, tissue type, or entire organism under 

defined conditions (Peterson et al., 2012). 

Although de novo assembly offers many advantages in several ways compared to 

reference based strategy, it also has several drawbacks. The sequences derived from 

de novo assembly may contain repeats content, contamination from other organisms 

or new insertions and segmental duplication (Alkan et al., 2011). The repeat content 

of repeats is one of the biggest challenges with de novo assembly resulting in 

reduced or lost genomic complexity. Besides that, de novo plant genome sequencing 

and assembly are challenging due to their large complex plant genomes (Pellicer et 

al., 2010). Extraction of large quantities of RNA from plant sample with high quality 
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is difficult, this would result difficulty in preparation good libraries for sequencing 

purpose (Schatz et al., 2012). 

In this study, the sequences derived from de novo assembly of RNA seq data of 

Gracilaria changii will be verified.  In order to identify the type of errors produced a 

few steps are required. RNA will be extracted from fresh weed sea and converted 

into complementary DNA (cDNA). Both forward and reverse primers will be 

designed based on the de novo assembly sequencing result which contains directed 

repeats and inverted repeats. Next, PCR amplification will be conducted, follow with 

A-tailing. The products will be cloned into TOPO TA vector and transformed into 

DH5α. The plasmid DNA will be extracted and sequenced.  

1.2 Problem statement 

De novo assembly of RNA-Seq data allows us to study transcriptomes without the 

need for a genome sequence especially for non-model organisms. However, 

assembly of such data into high-quality data may have some errors. Therefore, the 

focus of this study was to verify the sequences derived from de novo assembly of 

mRNA sequencing data of Gracilaria changii   . 

1.3 Objectives: 

To verify de novo assemblies of RNA-seq from Gracilaria changii. 
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