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9.1 Introduction

Genome sequencing is developing rapidly as a revolutionizing field due to advances
in DNA sequencing technologies and started the new era in the field of molecular
biology (Kelley and Salzberg 2010; Ruperao et al. 2014; Khan et al. 2016; Visendi
et al. 2016). The scientist working in this arena has gained the popularity by manip-
ulating the DNA molecules for the study of genes and their harness toward the
development sparking a new revolution in biological investigations (Fuller et al.
2006; Hsu et al. 2014). These recent advances in genome sequencing served as an
important tool in basic and translational research, drug development, and clinical
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trials (Fontana et al. 2012; Readhead and Dudley 2013; Roychowdhury and
Chinnaiyan 2016). Nowadays, the sequencing cost and a high-throughput data gen-
eration are not limiting factors due to development of modern sophisticated tech-
nologies, but a big core facility is still needed to operate the procedures of genome
sequencing (Buermans and den Dunnen 2014; Head et al. 2014). Since, the genome
analysis is increasingly used to address various problems related to the genotyping,
diagnosis, environmental and microbiome profiling, and mutation and evolutionary
studies. The number of challenges in genome analysis is associated with sequencing
methods. There has been very fast development in genome sequencing. A good
example was the completion of human genome project in record time. The human
body has about 100 trillion cells. Inside each cell is the nucleus that contains the
genome (46 human chromosomes), which governs human development (Kothekar
and Nandi 2007). Similarly, the tomato genome identified an esterase responsible
for differences in volatile ester content in different tomato species (Goulet et al.
2012). In general, the chromosomes comprise millions of copies of the four-letter
genetic code—the DNA bases (A, C, G, and T) which are arranged into genes and
noncoding sections (Akhtar et al. 2017). Finding the order or sequence of these four
letters is the goal in genomics. The entire human genome is made up of about 3.5
billion bases. To read the DNA sequence, the chromosomes are cut into tiny pieces
and read individually. When all the segments have been read, they assembled in
the correct order. The properties of a biological system are studied through the
expression of many genes simultaneously. Simple interpretation strategies are
useful. A typical example is protein p53, an early component in cells which respond
to DNA damage (Goeman et al. 2017). Thus, the aim of this chapter is to provide
the in-depth knowledge of various experimental approaches used for sequencing of
the genome.

9.2 Genome Sequencing Approaches

There are fundamentally two ways to sequence the genome, namely BAC (bacterial
artificial chromosome)-to-BAC approach and shotgun approach.

9.2.1 BAC-to-BAC Approach

BAC-to-BAC approach is also referred to as the map-based approach. It was first
employed in human genome studies during the late 1980s and continues its expan-
sion till date. The BAC-to-BAC approach first creates a crude physical map of the
whole genome (Becker 1998; Bolger et al. 2014). Constructing a map requires cut-
ting the chromosomes into pieces and figuring out the order of the big chunks of
DNA before sequencing all the fragments. The BAC sequences were individually
assembled and arranged according to the physical map, creating a very high-quality
genome sequence (Fig. 9.1a).
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Fig. 9.1 Whole genome sequencing; (a) BAC-to-BAC approach; (b) Shotgun approach

Several copies of the genome are randomly cut into pieces of about 150,000 base
pairs (bp), and each of these fragments is inserted into a BAC. A BAC is an artificial
piece of DNA that can replicate inside the bacterial cell. The whole collection of
BACs containing the entire human genome is called a BAC library. Each BAC is
like a book in the library that can be accessed and copied. Each piece is finger-
printed to give a unique identification tag that determines the order of the fragments.
Fingerprinting involves cutting each BAC fragment with a single enzyme and find-
ing common sequence landmarks in overlapping fragments that determine the loca-
tion of each BAC along the chromosome. Each BAC is then broken randomly into
pieces of 1500 bp and is placed in another artificial piece of DNA called M13. The
collection is known as M13 library. All the M13 libraries are sequenced. A 500 bp
from one end of the fragment is sequenced to generate millions of sequences.
Compute algorithms assemble millions of sequenced fragments into a continuous
stretch of the chromosome. These sequences are fed into a computer program called
PHRAP, which looks for common sequences that join two fragments.

9.2.2 Shotgun Approach

It is a speedy approach to genome sequencing, which may enable the researchers to
complete their job in a short time. Venter (1996) developed the shotgun approach at
The Institute for Genomic Research (TIGR). The approach of sequencing bypasses
the need for a physical map and goes straight into the job of decoding (Fig. 9.1b).
This is the main reason for this speedy technique. Multiple copies of the genome are
randomly shredded into pieces of 2000 bp by squeezing the DNA through a pressur-
ized syringe. This is done a second time to generate pieces of 10,000 bp long.
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Each 2000 and 10,000 bp fragment is inserted into a plasmid, which is a piece of
DNA that replicates in bacteria. The two collections of plasmids containing 2000
and 10,000 bp chunks of human DNA are known as plasmid libraries. Both 2000—
10,000 bp plasmid libraries are sequenced. A 500 bp from each end of a fragment is
decoded to generate millions of sequences. Sequencing both ends is critical for
assembling the entire chromosome; computer algorithms assemble millions of
sequenced fragments into a continuous stretch of the chromosome.

9.2.3 Other Sequencing Approaches
9.2.3.1 Large-Scale Approach

It includes hybridization and sequencing approaches. Hybridization has evolved
from early membrane-based radioactive detection embodiments to parallel quantita-
tive methods using fluorescence detection (Lee 2007).

9.2.3.2 ¢DNA Microarray Detectors

It is a very sensitive technique. It requires only 2—-5 nl of DNA solution coating with
poly L-lysine and aminocialines. The cDNA libraries provide a flexible sequence
probe. The choice of fluoroprobe is important. The biological samples (or their
cDNA derivatives) are hybridized to the range and are referred to as the target.
Labeling with fluorescent dyes with different excitation and emission characteristics
allows the simultaneous hybridization of two contrasting targets on a single array
(Aharoni and Vorst 2001; Campos-De Quiroz 2002). Microarrays can be based on
cDNA molecules, and their basic features are represented in tabular form (Table 9.1).

9.2.3.3 PCR Method

PCR is used to amplify the single copy or copies of a DNA segments across several
orders of magnitude to generate millions of copies of a desired DNA sequences.
It is an easy, cheap, and reliable technique to replicate a focused segment of DNA,
and most widely used in molecular biology for biomedical research, criminal forensics,
and molecular archaeology. Now, it is commonly used in clinical and research

Table 9.1 Some common features of cDNA microarray

Features c¢DNA microarray

Array preparation Direct or indirect spotting

Target cDNA

Target labeling Cy3-dCTP and Cy5-dCTP incorporation through reverse transcription
Type of hybridization DNA-DNA
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laboratories for a broad variety of applications including DNA cloning and manipu-
lation, gene mutagenesis, construction of DNA-based phylogenies, or functional
analysis of genes; diagnosis and monitoring of hereditary diseases; amplification of
ancient DNA; analysis of genetic fingerprints; and detection of pathogens in nucleic
acid tests for the diagnosis of infectious diseases. The majority of PCR methods rely
on thermal cycling, which involves exposing the reactants to cycles of repeated
heating and cooling, permitting different temperature-dependent reactions specifi-
cally DNA melting and enzyme-driven DNA replication to quickly proceed many
times in sequence. Primers contain sequences complementary to the target region,
along with a DNA polymerase to enable selected and repeated amplifications. In
PCR, the choice of template is important. As the PCR progresses, the DNA gener-
ated is itself used as a template for replication, setting in motion a chain reaction in
which the original DNA template is exponentially amplified. Almost all PCR appli-
cations employ a heat-stable DNA polymerase, such as Taq polymerase. If heat-
susceptible DNA polymerase is used, it will denature every cycle at the denaturation
step. Before the use of Taq polymerase, DNA polymerase had to be manually added
every cycle, which was a tedious and costly process. This DNA polymerase enzy-
matically assembles a new DNA strand from free nucleotides by using single-
stranded DNA as a template and DNA oligonucleotides to initiate DNA synthesis. In
the first step, the two strands of the DNA double helix are physically separated at a
high temperature in a process called DNA melting. In the second step, the tempera-
ture is lowered and the two DNA strands become templates for DNA polymerase to
selectively amplify the target DNA. Selectivity of PCR results from the use of prim-
ers that are complementary to sequence around the DNA region targeted for amplifi-
cation under specific thermal cycling conditions. PCR has an enormous impact in
both basic and diagnostic aspects of molecular science because it produces large
amounts of a specific DNA fragments from small amounts of a complex template.
PCR represents a form of in vitro cloning that can generate or modify the DNA frag-
ments of definite length and sequence in a simple automated reaction. In addition,
PCR plays a critical role in the identification of medically important sequences as
well as an important diagnostic one in their detection.

9.2.3.4 Image Analysis

Intensity evaluation (100-400 p? pixels) allows 50-200 sampling at each spot. Data
normalization is done. Statistical analysis is important. Assay reliability has to be
tested.

9.2.3.5 Functional Proteomics

Phene is the functional protein contained in the total protein data. Phene is to “phe-

notype” as a gene is to “genotype.” In multicellular organisms, the set of proteins
would differ from cell type to cell type. Proteins normally undergo large-scale
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modifications. Proteome analysis is concerned with biochemical changes like post-
translational modifications, phosphorylation, etc. In general, the phosphorylation is
a reversible enzymatic reaction and plays an important role in various cellular pro-
cesses, viz., division, function of target proteins, immunity metabolism, membrane
transport, and organelle trafficking (Bolger et al. 2014). It can activate and inhibit
enzyme activity through allosteric conformational changes, facilitate the recogni-
tion of other proteins, promote protein-protein association or dissociation, and also
induce order to disorder transition.

9.3 Conclusions and Future Prospects

Genome sequencing has a major impact on molecular biological research and
improvement in the comparatively small period of time. Although a rapid develop-
ment has been observed in the preparation of library in the past decades with the
performances of some small genome studies, still the breakthrough researches are
expected. Therefore, in the future, more studies are needed on the deep phenotyping
platforms to overcome the issues and the elucidation of mechanisms to complete
enormity of the available data.
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