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St. Thomas College,

Kozhencherry,

Pathanamthitta Dist.,

Kerala-689 641

Phone : 0468-2214566

Fax : 0468-2215543

Website: www.stthomascollege.info Prof. Capt. Roys P. David
E-mail: stthomaskozhy@gmail.com (Principal)

I am proud to announce that Department of Botany, St. Thomas College, Kozhencherry
had organized a three-day National Workshop on, “Genomics, Proteomics and Bio informatics:
Fundamentals to Advanced” in collaboration with Mar Thoma College, Tiruvalla. This workshop
has attracted students, researchers and faculty members from in and around the state making it a
success. The financial assistance from UGC and KSCSTE is gratefully acknowledged.

| appreciate the Head of the Department, Dr. Annie J. Mathew, Convenor Dr. Elizabeth
Thomas and Co-convenor Dr. Leena Abraham and other faculty members of the Department for
their team work in the successful conduct of the workshop which immensely benefited all the
participants. | feel very happy that Department of Botany, Mar Thoma College, Tiruvalla had
collaborated with this workshop. The Proceedings of this Workshop would definitely help in
transacting knowledge generated in the workshop to all those for furthering their study and

research.
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Head, Department of Botany

St. Thomas College,
Kozhencherrry

Email: dranniejmathew@gmail.com

Dr. Annie J. Mathew
Head and Co-ordinator

Preface

The Post Graduate and Research Department of Botany, St. Thomas College,
Kozhencherry conducted a three day National workshop on Genomics Proteomics and
Bioinformatics. The Workshop was aimed to update our knowledge in the contemporary topic
starting from basics to the recent developments. The organizers have selected the topics based on
the revised curriculum of the P.G course in M. G. University, Kottayam.

We are living in an era of “omics ° Genomics, Proteomics, Lipidomics, Metabolomics,
Foodomics and Bioinformatics. Bioinformatics is an umbrella term for the biological studies that
use computer programming as part of their methodology. It is an interdisciplinary field of
science, that develops methods and software tools for understanding biological data.
Proteomics is a branch of biotechnology that deals with the techniques of molecular biology,
biochemistry and genetics to analyze the structure, function and interaction of proteins produced
by the genes of a particular cell, tissue or organism. With emerging advanced technologies,
consumers well being and health has been improved. Personalised medicines based on genomics
have also become common.

The resource persons of the workshop were eminent academicians who are well versed
in handling the subjects with ease and simplicity. The invited talks gave new insights to the
world of Genomics, Proteomics and Bioinformatics . Biochemical markers, DNA based markers,
PCR based markers, sequence analysis of genes were included in the sessions. Practical sessions
enabled the delegates to get first hand information in this field. .On behalf of the Department of
Botany, we thank UGC and KSCSTE for the financial support. St. Thomas College
Kozhencherry and Marthoma College Thiruvalla thank all the participants especially delegates
from Coimbatore and Nagercoil, Research Scholars, Faculty and our own students and also the
convenors and my dear colleagues who made this venture a success.
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Associate Professor,
Department of Botany

St. Thomas College,
Kozhencherrry

Email: etthom@yahoo.com

Dr. Elizabeth Thomas
Convenor

| have great pleasure to present The Proceedings of the Workshop on, “Genomics, Proteomics
and Bioinformatics: Fundamentals to Advanced” conducted for the benefit of the students and

faculties of various Universities.

Technical development in science enabled leap forward in our knowledge. The
fundamental unifying theme of genetics can be studied only by knowing the advanced
perspectives of different areas such as Genomics, Proteomics and Bio informatics. Areas of
research like genomics and proteomics has evolved to decode the complex model of cellular
functions. Computational analysis of biological sequences has grown enormously and thus a

need for computational data handling and analysis has emerged.

Due to its enormous importance for an experimental biologist, the subject is beginning to
appear and grow in Undergraduate and Postgraduate curricula of various universities. In the
proceedings, various aspects of structural and functional genomics and its manipulation, uses of
databases, sequence and structural analysis tools and its expression analysis is included. Protocol

for practical session on various tools of genomics and bioinformatics is also incorporated.

The authors have made their best efforts to uphold the quality of the contents with
simplicity and lucidity incorporating the relevant aspects. Special care has been taken to make
the book as much as flawless and user friendly without compromising precision brevity and
clarity. I sincerely hope this journal will promote knowledge dissemination in the academic

world. Let me present the journal for your readership and support.



Assistant Professor,
Department of Botany
St. Thomas College,
Kozhencherrry
drleena0l@gmail.com

Dr. Leena Abraham
Co-convenor

It is a moment to honour for me, to present before you the proceedings of the National Workshop
on, “Genomics, Proteomics and Bioinformatics: Fundamentals to Advanced”. The goals of this
Workshop was to disseminate new frontiers in the field of omics and bioinformatics in a simple
and lucid language to the PG & Research students and also to promote an open interactions
between the eminent speakers and the participations. The theme aims to unites the plant, animal
and microbial world.

The workshop had successfully brought forward and amalgamated all the themes as depicted in

this proceedings.
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DEPARTMENTAL PROFILE

The Department of Botany started in 1958 with inception of degree courses under Kerala
University under the leadership of Late Prof. K.V. George. In 1984, Post Graduate course was
commenced and the department was elevated to the status of an approved research department
affiliated to M.G. University in 2002. The department was chronologically headed by Prof. K.
V. George , Prof. N. P. Philip, Prof. C. John Thomas, Prof. Becky Thomas, Prof. C. G. Varghese
and Prof. K Danielkutty. Dr. Annie J Mathew is now the present Head of the Department. This
department is a pioneer department of St. Thomas College to receive the DST-FIST grant in
2009. Presently, the Post graduate & Research department has a total built up area of 754 m? and

an additional built up area of 691.14 m? is under construction.

The Department offers undergraduate programme in Botany based on CBCSS syllabus
and the sanctioned strength is 32. The post graduate programmes offered is based on CSS
syllabus with Biotechnology as specialization. Interdisciplinary/Open course is on Agri-based
Microenterprises which is good opportunity for other students to fulfill their passion towards
botany, agriculture & horticulture. Botany Students study the Open Courses offered by other
Departments. Botany Complementary courses are offered for First and Second Year B. Sc
Zoology students. Short term courses offered by the department include Tissue culture for PG

students and Mushroom spawn production for UG students.



NATIONAL WORKSHOP

The Workshop aims to unite the themes of Genomics, Proteomics and Bioinformatics and
provide a forum to the postgraduate students, researchers and faculty for learning, presenting and

exchanging new ideas and experiences in these areas.

Technical development in science enabled leap forward in our knowledge. Thus new
areas of research like genomics and proteomics has evolved to decode the complex model of
cellular functions. Computational analysis of biological sequences has grown enormously and
thus a need for computational data handling and analysis has emerged. Due to its enormous
importance for an experimental biologist, the subject is beginning to appear and grow in
Undergraduate and Postgraduate curricula of various universities. Keeping this scenario in mind,
we had successfully borrowed in various experts & researchers on one platform to express and
share their knowledge and practical experiences. During the technical sessions of this Workshop,
various aspects of structural and functional genomics and its manipulation, uses of databases,
sequence and structural analysis tools and its expression analysis were dealt. A parallel practical
session for familiarizing the participants with various tools of genomics and bioinformatics were
conducted. More than 100 participants from various institutions including teachers, PG students

and research scholars in and out of the state were benefited from this national Workshop.
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FUNCTIONAL GENOMICS : BASICS TO ADVANCED
Dr. Rehana Niyaria
Asst. Research Scientist, College of Agriculture, Junagadh Agricultural University,

Gujarat

Darwin published On the Origin of Speciesin 1859, outlining the process of natural
selection (Darwin 1900). Contemporary with Darwin’s work, G. Mendel was in the process of
ascertaining the first statistical theory of inheritance. Genetics can be said to have begun when
Mendel coined the term, ‘factors’, to describe the, then unseen, means of conveyance by which
traits were transmitted from generation to generation.

In the 1940s and early 1950s, the biological focus of investigations shifted to the
physical nature of the gene. In 1944, DNA was successfully isolated by Oswald Avery as the
basic genetic material. Watson & Crick (1953) discovered the double helical structure of double-
stranded DNA, and the relation between its structure and capacity to store and transmit
information. The central dogma of molecular biology, as enunciated by Crick (1958), specified
the instruction manual, DNA encoded genes, and that genes were transcribed into RNA to
ultimately produce the basic operational elements, the proteins, whose interactions, through
many levels of complexity, result in functioning living cells. This was the first description of the
action of genes. These, and many other discoveries, marked the transition from genetics at the
level of organisms to molecular genetics. After the enunciation of the central dogma of
molecular biology, the regulation of gene expression then became a central issue throughout
the 1960s.

Since the 1970s, technologies for sequencing DNA, RNA and proteins made
possible the direct study of genetic material, and molecular biology entered the genomic era. An
enormous experimental effort spanning the last half century, made possible by the development
of many assays, technological advances in computing, sensing, imaging and several remarkable
technologies have enabled biologists to begin to analyse function at molecular and higher
scales. The various aspects of these analyses have coalesced as ‘omics’: transcriptomics, the
study of gene—gene regulation, in particular, DNA—protein interactions; proteomics, the large-
scale study of the structures and functions of proteins; metabolomics, the study of small-

molecule metabolite profiles. These processes are tightly linked. Genomics, which encompasses
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all these, can be thought of as the science linking DNA structures with functions at the
cellular level.

Genomics deals with the discovery and noting of all the sequences in the entire genome
of a particular organism. The genome can be defined as the complete set of genes inside a cell.
Genomics is, therefore, the study of the genetic make-up of organisms. Determining the genomic
sequence, however, is only the beginning of genomics. Once this is done, the genomic sequence
is used to study the function of the numerous genes (functional genomics), to compare the genes
in one organism with those of another (comparative genomics), or to generate the 3-D structure
of one or more proteins from each protein family, thus offering clues to their function (structural
genomics).

In crop agriculture, the main purpose of the application of genomics is to gain a better
understanding of the whole genome of plants. Agronomically important genes may be identified
and targeted to produce more nutritious and safe food while at the same time preserving the
environment.

DNA in the genome is only one aspect of the complex mechanism that keeps an organism
running — so decoding the DNA is one step towards understanding the process.

In 1972, W. Fiers determined the sequence of a bacterial gene. In 1977, Sanger first
sequenced the complete genomes of a virus and a mitochondrion, and later established
systematic protocols for sequencing, genome mapping and sequence analyses. Over the past
years the genomes of some of the most important model organisms have been sequenced using
various platforms which include:

1. Classic genome sequencing methods like Sanger and Maxim Gilbert method used either
chemical or enzymatic methods to generate a nested set of DNA fragments followed by
electrophoretic methods to separate the fragments. They required lots of DNA (100’s of ng to
lug) so it typically involved cloning and/or PCR. Sanger sequencing which has excellent
accuracy and reasonable read length (500-1000 bp), but very low throughput (96 reactions/run).
Limited throughput meant that other methods for ordering DNA clones (e.g. physical mapping
was often necessary prior to shotgun sequencing of smaller fragments. Sanger sequencing was
used to obtain the first consensus sequence of the human genome in 2001.

2. Next-generation sequencing: New NGS technologies read the DNA templates randomly

along the entire genome. This is accomplished by breaking the entire genome into small pieces,



then ligating those small pieces of DNA to designated adapters for random read during DNA
synthesis (sequencing by-synthesis). Therefore, NGS technology is often called massively
parallel sequencing. The read length for NGS is much shorter than that attained by Sanger
sequencing. At present, NGS only provides 50-500 continuous basepair reads, which is why
sequencing results are defined as short reads. The number of large short-read sequences from
NGS is increasing at exponential rates. Present instruments can generate as much data in one day
as several hundred Sanger-type DNA capillary sequencers, but are operated by a single person
Currently, five NGS platforms are commercially available, including the Roche GS-FLX 454
Genome Sequencer (originally 454 sequencing), the Illumina Genome Analyzer (originally
Solexa technology), the ABI SOLID analyzer, Polonator G.007 and the Helicos HeliScope
platforms. Among the five commercially available platforms, the Roche/454 FLX, the
Illumina/Solexa Genome Analyzer, and the Applied Biosystems (ABI) SOLiID Analyzer
dominate the market.

3. Third generation sequencing methods:

Pacific biosystems technology: A single-molecule real time (SMRT) DNA sequencing
technology. This approach performs single-molecule sequencing by identifying nucleotides
which are phospholinked with distinctive colors. During the synthesis process, fluorescence
emitted as the phosphate chain is cleaved and the nucleotide is incorporated by a polymerase into
a single DNA strand.

Oxford nanopore technology an exonuclease sequencing technology that combines a
protein nanopore bioengineered with a covalent attachment of a cyclodextrin molecule to the
inside of its surface with an exonuclease for the sequential identification of DNA bases as the
processing enzyme passes through the nanopore

Cracker Bio developed an approach which relies on the sequential conversion of photons
to electrons for sequencing. They are developing a hybrid platform which can sequence long
single DNA molecules on top of a photodiode (a nanowell) embedded in a chip by the
fluorescence-based single-molecule sequencing-by-synthesis methods within the nanowell.

Scanning tunneling microscopy (STM) can reach atomic resolution, STM for single-
molecule sequencing is being explored. Light Speed Genomics is developing a microparticle
approach by capturing sequence data with optical detection technology and new sequencing

chemistry from a large field of view to reduce the time consuming sample and detector



rearrangement. Halcyon Molecular is developing a DNA sequencing technology by atom-by-
atom identification. The key advantage of this technology is very long read lengths.

lon Torrent developed an entirely new approach to sequencing based on the well
characterized biochemistry that when a nucleotide is incorporated into a strand of DNA by a
polymerase, a hydrogen ion is released as a byproduct. They have developed an ion sensor that
can detect hydrogen ions and directly convert the chemical information to digital sequence
information.

Researchers studying gene expression employ a wide variety of molecular biology
techniques and experimental methods. Gene expression analysis studies can be broadly divided
into four areas: RNA expression, promoter analysis, protein expression, and post-translational

modification.

RNA Expression

e Northern blotting — steady-state levels of MRNA are directly quantitated by electrophoresis
and transferred to a membrane followed by incubation with specific probes. The RNA-probe
complexes can be detected using a variety of different chemistries or radionucleotide labeling.
This relatively laborious technique was the first tool used to measure RNA levels.

e DNA microarrays —Gene expression profiling is often a first step in a gene expression
analysis workflow, investigating changes in the expression profile of a whole system or
examining the effects of mutations in biological systems. Microarrays are microscopic arrays of
single stranded DNA molecules immobilized on a solid surface by biochemical synthesis. These
are also called DNA chips, gene chips, biochips. These consist of high density array of DNA
fragments of known sequence with a defined location fixed on a small glass surface. DNA
fragments can be derived from cDNA or short synthesized oligonucleotides. Thus each spot on
the microarray corresponds to a gene or an EST (expressed sequence tags). Pools of purified
MRNA from cell populations under study are reverse transcribed and labeled with one of two
fluorescent dyes --red or green differentially labeled. These are then applied to the microarray.
Strands of cDNA in the pool hybridize to the complementary sequences on the array and any
unhybridized cDNA is washed off. Hybridization of the target to the probes determines a

chemical reaction that is captured into a digital image by a scanning laser device .Intensity of each



signal is translated into numerical measures. These fluorescence readings from a spot indicate the
relative abundance of the corresponding mRNA in the two cell populations.

e Real-Time PCR — Steady-state levels of mRNA are quantitated by reverse transcription of
the RNA to cDNA followed by quantitative PCR (gPCR) on the cDNA. The amount of each
specific target is determined by measuring the increase in fluorescence signal from DNA-binding
dyes or probes during successive rounds of enzyme-mediated amplification. This precise,
versatile tool is used to investigate mutations (including insertions, deletions, and single-
nucleotide polymorphisms (SNPs)), identify DNA modifications (such as methylation), confirm
results from northern blotting or microarrays, and conduct gene expression profiling. Expression
levels can be measured relative to other genes (relative quantification) or against a standard
(absolute gquantification). Real-time PCR is the gold standard in nucleic acid quantification
because of its accuracy and sensitivity. Real-time PCR can be used to quantitate mRNA or
miRNA expression following conversion to cDNA or to quantitate genomic DNA directly to
investigate transcriptional activity

e Ribonuclease protection assay: It is a highly sensitive technique developed to detect and
measure the abundance of specific MRNA in samples of total cellular RNAs. The assay utilizes
in vitro transcribed 32-P labeled antisense RNA probes that are hybridized to their
complementary cellular mRNAs. This is followed by digestion of non hybridizing,single stranded
RNA species with RNases, removal of RNases by treatment with proteinase K, Phenol extraction
of the cRNA: mRNA complexes, and electrophoretic isolation of the hybridizing cRNA
fragments. Since one can synthesize "sense” mMRNAs having the same sequence as the target
cellular mRNA, appropriate standard curves can be generated and used to quantitate the changes
in the tissue mMRNA levels. Because the assay requires perfect complementarity for the full
protection, it not only serves as a quantitative tool but also provides conclusive evidence for the
existence of a specific mMRNA in a given tissue. (Modification from M Gilman.)

e Southern blotting: Method developed by Edwin Southern to detect the presence of a
particular sequence of DNA in a complex mixture .The method involves isolation purification of
DNA, Cutting of DNA into fragments and their separation followed by transfer onto a
nitrocellulose membrane ,The specific DNA fragment is then detected using a radiolabelled
probe.
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e Suppression subtractive hybridization : Suppression subtractive hybridization (SSH) is a
qualitative technique for comparing relative expression levels in the two samples widely. Two of
the main SSH applications are cDNA subtraction and genomic DNA subtraction. SSH is one of
the most powerful and popular methods for generating subtracted cDNA or genomic DNA
libraries. It is based primarily on a suppression polymerase chain reaction (PCR) technique and
combines normalization and subtraction in a single procedure. The normalization step equalizes
the abundance of DNA fragments within the target population, and the subtraction step excludes
sequences that are common to the populations being compared. This dramatically increases the
probability of obtaining low-abundance differentially expressed cDNAs or genomic DNA
fragments and simplifies analysis of the subtracted library. SSH technique is applicable to many
comparative and functional genetic studies for the identification of disease, developmental, tissue
specific, or other differentially expressed genes, as well as for the recovery of genomic DNA
fragments distinguishing the samples under comparison.

e SAGE (Serial Analysis of Gene Expression): SAGE, developed in 1995 by Velculescu,
Vogelstein and Kinzler at Johns Hopkins University (Baltimore, MD, USA), is a sequence-based
approach that identifies which genes are expressed and quantifies the potential targets and
markers for therapeutic and diagnostic development, respectively. As an ‘open’ system, SAGE
can reveal which genes are expressed and their level of expression rather than merely quantifying
the expression level of a predetermined, and presently incomplete, set of genes as carried out by
‘closed’ system gene expression profiling platforms such as microarrays. These distinguishing
attributes enable SAGE to be used as a primary discovery engine that can characterize human
disease at the molecular level while illuminating their level of expression.

SAGE uses a short contiguous sequence of 10-11 base pairs (bp), derived from a defined location
within each transcript and unique to each tag, to identify individual mMRNAs. SAGE tags (25-50
transcripts) are not only used for gene identification, but are also used to measure the relative
abundance of their cognate transcripts within the mRNA population based on the number of
occurrences of a given SAGE tag within a SAGE sequencing project. Finally, SAGE uses
polymerase chain reaction (PCR) amplification, but is unique in having a mechanism for
recognizing and eliminating amplification bias from the expression profile. Consequently,
individual transcript representation is maintained when analyzing complex natural mixtures of
MRNA.



e Gene silencing: RNA Interference (RNAI) is one of the most important technological
breakthroughs in modern biology, allowing us to directly observe the effects of the loss of
function of specific genes in eukaryotic systems. RNAI technology can be used to identify and
functionally assess the thousands of genes within the genome that potentially participate in
disease phenotypes. In addition, RNAI technology provides an efficient means for blocking
expression of a specific gene and evaluating its response to chemical compounds or changes in
signaling pathways.

e RNAI technology takes advantage of the cell’s natural machinery, facilitated by short interfering
RNA molecules, to effectively knock down expression of a gene of interest. There are several
ways to induce RNAI, synthetic molecules, RNAI vectors, and in vitro dicing In mammalian cells,
short pieces of dsRNA, short interfering RNA (SiRNA), initiate the specific degradation of a
targeted cellular mRNA. In this process the antisense strand of the siRNA duplex becomes part of
a multi-protein complex, or RNA-induced silencing complex (RISC), which then identifies the
corresponding mRNA and cleaves it at a specific site. Next, this cleaved message is targeted for
degradation, which ultimately results in the loss of protein expression.

Promoter Analysis

o Expression of reporter genes/promoter fusions in host cells— promoter activity
(transcription rate) is measured in vivo by introducing fusions of various promoter sequences with
a gene encoding a product that can be readily measured to monitor activity levels.

e In vitro transcription (nuclear run-on assays) — transcription rates are measured by
incubating isolated cell nuclei with labeled nucleotides, hybridizing the resultant product to a
membrane (slot blot), and then exposing this to film or other imaging media.

« Gel shift assays — also called electrophoretic mobility shift assays, these are used to study
protein-DNA or protein-RNA interactions. DNA or RNA fragments that are tightly associated
with proteins (such as transcription factors) migrate more slowly in an agarose or polyacrylamide
gel (showing a positional shift). Identifying the associated sequences provides insight into gene
regulation

e ChIP-seq : Chromatin immunoprecipitation: ChIP is a popular approach for measuring the
binding of proteins to DNA in living cells. It involves fragmenting chromatin (the protein-DNA
complex that is the natural state of chromosomes) into small fragments, and then precipitating

fragments that include a particular protein of interest. This is done using an antibody specific to



that protein. ChIP has been generally combined with microarrays (known as ChIP-chip) or
sequencing technology known as ChlP-seq to perform genome-wide identification of binding
regions such as transcription factor binding sites or methylation sites.

With the completion of sequencing projects for many model organisms, molecular biology
entered a new era. The focus of research turned from the determination of sequences and the
genetic units of inheritance to the systematic study of complex interactions of structure and
function in biological systems, sometimes called systems biology. Since functions do not stop at
the cellular level, this goes beyond genomics.

Proteomics

Proteins are responsible for an endless number of tasks within the cell. The complete set of
proteins in a cell can be referred to as its proteome and the study of protein structure and function
and what every protein in the cell is doing is known as proteomics. The proteome is highly
dynamic and it changes from time to time in response to different environmental stimuli. The

goal of proteomics is to understand how the structure and function of proteins allow them to do
what they do, what they interact with, and how they contribute to life processes. An application of
proteomics is known as protein “expression profiling” where proteins are identified at a certain
time in an organism as a result of the expression to a stimulus. Proteomics can also be used to
develop a protein-network map where interaction among proteins can be determined for a
particular living system. Proteomics can also be applied to map protein modification to determine
the difference between a wild type and a genetically modified organism. It is also used to study

protein-protein interactions involved in plant defense reactions. Proteomics techniques include :

Protein Expression :

e Western blotting —Quantification of relative expression levels for specific proteins is
accomplished by electrophoretically separating extracted cell proteins, transferring them to a
membrane, and then probing the bound proteins with antibodies (targeted to antigens of interest)
that are subsequently detected using various chemistries or radiolabelling.

e 2-D Gel Electrophoresis —Quantitaive highthroughput  technique which allows high
resolution separation of over 10,000 proteins. Protein expression profiling is achieved by


http://www.bio-rad.com/evportal/destination/solutions?catID=LUSPPAKG4
http://www.bio-rad.com/evportal/destination/solutions?catID=LUSQG6LPT

separating a complex mixture of proteins in two dimensions and then staining to detect

differences at the whole-proteome level.

Posttranslational Modification Analysis:

e Immunoassays — Immunoassays — Proteins are quantitated in solution using antibodies that
are bound to color-coded beads or immobilized to a surface (ELISA), which is subsequently
probed with an antibody suspension and is typically detected using a chromogenic or fluorogenic
reporter. Levels of protein phosphorylation and other post-translational modifications are detected
using antibodies that are specific for these adducts.

e Mass spectrometry —It is a sensitive technique to detect, identify and quantitate molecules
based on their mass and charge. MS is now used to sequence oligonucleotides, peptides and
analyze nucleotide structure. The development of methods of macromolecule ionization including
electrospary ionization (ESI) and matrix assisted laser desorption/ionization (MALDI) enabled
the study of protein structure by MS. This allowed the scientists to obtain protein mass
fingerprints that could be matched to the proteins and peptides in the databases to predict the
identity of unknown proteins. With technological advancements, it is now possible to analyse
samples in solid ,liquid or gas states and it is now possible to detect analytes at concentrations in

the attomolar range (10-15).

The omics era has seen a massive explosion in the amount of biological information
available with research being carried out at different levels including the genome, proteome,
transcriptome and metabolome levels. Following on from the explosion in volume of genomic
data, similar increase in data have been observed in the fields of proteomics, transcriptomics and
metabalomics. The proper utilization of all this information generated required that it should be
stored and used effectively .This was possible with the advent of bioinfromatics.

o Bioinformatics is the application of computer technology to the management and analysis
of biological data. The result is that computers are being used to gather, store, analyse and merge
biological data. Bioinformatics is an interdisciplinary research area that is the interface between
the biological and computational sciences. The ultimate goal of bioinformatics is to uncover the
wealth of biological information hidden in the mass of data and obtain a clearer insight into the

fundamental biology of organisms.


http://www.bio-rad.com/evportal/destination/solutions?catID=LUSM0E8UU

Sequence generation, and its subsequent storage, interpretation and analysis are entirely
computer dependent tasks. Bioinformatics thus aims at intelligent and efficient storage of this
mass of data, provide easy and reliable access to this data. The data itself is meaningless before
analysis and the sheer volume present makes it impossible for even a trained biologist to begin to
interpret it manually. Therefore, incisive computer tools have been developed to allow the
extraction of meaningful biological information. These include
e Biological Databases: To collect, organize and classify data, Query the dataset, Retrieve entries
based on keyword search eg. NCBI, ExPASY, PDB
e Sequence Analysis Software : To know what is the information contained in a biological
sequence, How it can be analyzed to gain knowledge, Does it contain any functional clues.
Example: ORF finder (Gene finding software)

e Sequence Comparison : These tools help to compare a given sequence to the millions in the
database and find which ones are truly related by evolution. Example: BLAST and FASTA
e Sequence Alignment : These tools help us compare a set of related sequences after collecting
them as a set. Not only this they would tell us --How should we line up the sequences so that the
most similar portions are together and what can be done with sequences of different lengths.
Example global, local and multiple Alignment
e Bioinformatics algorithm includes special algorithm developed for the computational analysis
of biological information. Example : Needleman, Waterman algorithm
e Protein structure visualization : These include using graphic tools to view structures, analyze
structures and active sites as well as for Different graphic representations and colouring schemes.
Example : Rasmol, Swiss PDB.

Technological advancements is generating a plethora of information and thus expanding

the 'omics' field to epigenomics and cistromics, as the biological information gets fine tuned .



The integration of information learned about these key biological processes with other
development in techonological tools and techniques should allow us to achieve the long term goal
of the complete understanding of the biology of organisms. This new knowledge could have

profound impacts on fields as varied as human health, agriculture, the environment, energy and

biotechnology.
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ABSTRACT:

Biological sequences reveal the genetic astrology of an organism. By analyzing these sequences
we can study gene expression, determine the protein structures encoded by the genes, interaction
of protein with another compound and in addition to this we can imagine the variety of
information that is being produced. As a result of this surge in biological information, computers
have become vital to biological research. Computers can handle large amount of biological data
and can solve the complexity observed in biological analysis. From this the era of bioinformatics
started. Thus Bioinformatics is a field which applies computational techniques to resolve
problems associated with biological macromolecules. The aims of bioinformatics are systematize
biological data in ordered manner, to develop tools and resources that aid in the analysis of data
and use these tools to analyze and interpret the various types of data including nucleotide and
amino acid sequences, protein domains and protein structures. Nowadays, many tools and
techniques like BLAST are available for comparing sequences and interpret the alignment
product to understand the biological information. By studying these tools and techniques
researchers are able to observe individual systems and compare them with related systems and
emphasize unusual features that are unique to some. Thus bioinformatics has provided greater
depth to biological investigations, and also added different dimensions too.

KEY WORDS: Gene, Sequence Alignment, BLAST

INTRODUCTION:

Biological data are being produced at a phenomenal rate [9].0n average; databases are
doubling in size every 15 months [2]. In addition, since the publication of the H. influenzae
genome [4], complete sequences for over 40 organisms have been released, ranging from 450
genes to over 100,000. Add to this the data from the related projects that study gene expression,
determine the protein structures encoded by the genes, and detail how these products interact
with one another, and we can begin to imagine the enormous quantity and variety of information

that is being produced. As a result of this, computers have become necessary to biological



research. Such an approach is ideal because of the ease with which computers can handle large
quantities of data and probe the complex dynamics observed in nature. Bioinformatics is defined
as the application of computational techniques to understand and organize the information
associated with biological macromolecules.

The first aim of bioinformatics is organize the data in a way that allows researchers to
access existing information and to submit new entries as they are produced. While data-curation
is an essential task, the information stored in these databases is essentially useless until analyzed.
Thus the second aim is to develop tools and resources that aid in the analysis of data. For
example, sequencing and comparing biological sequences. Another aim is to use these tools to
analyze the data and interpret the results in a biologically meaningful manner. Thus
bioinformatics conduct global analyses of all the available data with the aim of uncovering
common principles that apply across many systems and highlight novel features. Thus this paper

focus on biological data storage and analysis.

BIOLOGICAL DATABASES

The exponential growth of molecular sequence data from various sequencing projects
needed to be stored and analyzed to annotate the genes and their products and measure their
dynamic interactions. As a result came the concept of 'biological database' to store biological
data in an electronic format. Biological databases stores biological information in ordered
manner. All the biological databases use standardized format. Biological database is a collection
of data that is structured, searchable, updated periodically and cross-referenced. The information
stored in databases is accessible to everyone on the internet. Mainly databases are divided into
two categories, Nucleic acid databases and Protein databases. Nucleic acid databases are divided
into primary and secondary databases. Protein databases are two types, sequence and structure
databases. These are also divided into primary and secondary. Primary database collects its
information directly from experiment and secondary databases collects information from primary
databases. Example for primary protein databases include Swiss-Prot now it is known as
Uniprot, TrEMBL, PIR and Nucleotide primary databases include EMBL, GenBank and



DDBJ.Secondary databases are also known as pattern databases. Example of secondary
databases includes PROSITE, Pfam, BLOCKS and PRINTS.

Biological databases are important tool in assisting scientists to understand and explain
biological phenomena from the structure of biological molecules and their interaction. This
knowledge helps to fight against diseases, assist in the development of medications and in

discovering basic relationships amongst species in the history of life.

SEQUENCE ANALYSIS

In sequence analysis, DNA sequences of various organisms are stored in databases for
easy retrieval and comparison. The well-reported Human Genome Project is an example of
sequence analysis. By comparing known sequences of a genome to specific mutations, much
information can be assembled about undesirable mutations such as cancers. With the completed
mapping of the human genome, bioinformatics has become very important in the research of
cancers in the hope of an eventual cure. Computers are also used to collect and store broader data
about species. The Species 2000 project, for example, aims to collect a large amount of
information about every species of plant, fungus, and animal on the earth. This information can

then be used for a number of applications, including tracking changes in populations and biomes.

With the growing amount of data, earlier it was impractical to analyze DNA sequence
manually. Nowadays, many tools and techniques are available provide the sequence comparisons
and analyze the alignment product to understand the biology. For example, BLAST is used to
search the genomes of thousands of organisms, containing billions of nucleotides. BLAST is
software which can do this using dynamic programming, as fast as Google searches for your

keywords, considering the length of query words of bio-sequences.

The main purpose of sequence analysis is to propose homologies between the sites in two
or more sequences. Based on the number of sequences, alignment is two types, Pair-wise and
Multiple. Pair-wise alignments are used to assess homology between sites in two sequences,

while multiple alignments are used for the same in many sequences. Based on the method,



sequence alignment is two types, Global and Local alignment. In global alignment compares
sequences and gives best overall alignment. Local alignment finds regions of ungapped sequence

with a high degree of similarity.

To evaluate protein or DNA sequence similarity various scoring parameters and
comparison algorithms can be used. Selecting the most appropriate algorithm depends on the
problem. Local alignment algorithms find the strongest similarity between two sequences
ignoring the differences outside the most similar region and are best suited for searching protein
and DNA databases. Global alignment algorithms are more useful in building evolutionary trees.
Similarity searching techniques can be improved either by increasing the ability of a method to
recognize distantly related sequences. Generally there are more unrelated sequences than related
sequences in a sequence database, therefore the improvements that reduce the scores of unrelated

sequences will increase the efficiency of these alignment techniques.

CONCLUSION

Bioinformatics now encompasses a wide range of subject areas including structural biology,
genomics and gene expression studies. This paper provided an introduction and overview of the
databases and sequence analysis. In particular, discussed the types of biological information and
databases that are commonly used also sequence alignment methods. Two principal approaches
emphasize all studies in bioinformatics. First is that of comparing and grouping the data
according to biologically meaningful manner and second, that of analyzing one type of data to
infer and understand the observations for another type of data. These approaches are reflected in
the main aims of the field, which are to understand and organize the information associated with
biological molecules on a large scale. In this way, we are able to examine individual systems in
detail and also compare them with those that are related in order to uncover common principles

that apply across many systems and highlight unusual features that are unique to some.
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Abstract

Garcinia gummi-gutta (L.) Robson an important endemic medicinal plant was collected
from six different accessions of Southwest region of Kanyakumari District, Tamil Nadu.
Molecular analysis was carried out using RAPD markersThis tool is very important for the
analysis of genetic variability in different accessions of Garcinia gummi-gutta. Thirty two
decamer oligonucleotide primers were screened for the RAPD analysis for identification of
genuine and young leaf samples. The amplification of DNA isolated from six different
accessions of Garcinia gummi-gutta young leaves were used as templates in polymerase chain
reaction with thirty two primers. Out of these thirty two primers, the amplification of only four
primers generated reproducible, informative and easily scorable RAPD profiles. The maximum
number of well-defined or major bands (49 bands) was observed with primer OPA — 15 and
minimum number with primer OPA — 20 (3 bands) were observed. Among the six different
accessions, the sample S6 giving more unique amplicons than other samples. Genetic similarity
was seen in plants grown between locations. Based on Nei’s method indicated that the distance
coefficients varied from 0.82 to 0.47. Dendrogram constructed according to UPGMA cluster
analysis. Sample S4, S6 and S1 grouped together and comprised a distinct sub cluster I. Similarly
sample S2, S3 and S5 grouped together and were placed in same sub cluster 1. Although, this
study showed that taxonomical locations can be distinguished according to the molecular
genotyping but it can be little genotypic variations in some locations because the variation within
plant samples belonging to different locations is extremely the rate of gene flow was very low
from the RAPD analysis.

Keywords: Garcinia gummi-gutta, RAPD, primers, genetic diversity, polymorphism

Introduction



Genetic diversity among individuals or populations can be determined using
morphological and molecular markers. Molecular markers, based on DNA sequence
polymorphisms, are independent of environmental condition and show higher levels of
polymorphisms. The latter have proved their utility in fields like taxonomy, physiology,
embryology, genetics, etc. Among the different types of molecular markers available Random
Amplified Polymorphic DNA (RAPD) is useful for the assessment of genetic diversity among
rare species (Williams et al., 1990), because of their simplicity, speed and relatively low costs as
compared to other molecular markers. Genetic variability analysis among plants can be
done by using many markers, such as morphology (Talhinhas et al., 2006), isozymes (Ayana et
al., 2001), and molecular markers (Assefa et al., 2003), such as AFLP marker (Cavagnaro et al.,
2006). Recently, due to burgeoning in biotechnological technique, these molecular markers have
been widely used to elucidate genetic information at the molecular level (Roy et al., 2006).

Genetic variation in a population is considered to represent its evolutionary potential, and
has implications for conservation at the species level. These molecular makers can characterize
plants with greater precision than biochemical parameters. Morphological markers reflect
variation of expressed regions of genome thereby distinguishing expressed and non-expressed
regions. Molecular markers provide a quick and reliable method for estimating genetic
relationship among plant genotypes (Thormann et al., 1994).

Molecular marker consists of DNA segments of specific portions of chromosomes or
their products (proteins). Random Amplified Polymorphic DNA (RAPD) involves the use of a
single ‘arbitrary’ primer in a polymerase chain reaction (PCR) and results in the amplification of
several discrete DNA fragments (Kirtikar and Basu, 1990). Random Amplified Polymorphic
DNA (RAPD) is one of the most efficient molecular methods in terms of ability to produce
abundant polymorphic markers within a short span of time and limited budget (Williams et al.,
1990), RAPD has proved to be a valuable tool in various areas of plant research, for instance, in
studying inter and intra — species genetic variation, pattern of gene expression, and identification
of specific genes using nearly isogenic variants (Bauvet et al., 2004). However, the use of RAPD
as an approach to molecular typing can be greatly limited by the low repeatability of the
amplification patterns. Thus, careful optimization of each step of the amplification reaction is
needed to achieve the satisfactory reproducibility of the RAPD data (Micheli et al., 1994).



Garcinia gummi-gutta species has a restricted global distribution, occurring in Southern
India and Sri Lanka. In India, population densities are highest in Uttara kannada district,
Karnataka, which is the Northern part of the range of this Garcinia gummi-gutta species (Rali,
2003). Garcinia gummi-gutta fruit is the economically important part of the tree. The pulp of the
fruit rind, also known as ‘kokum’, is used in curries as a souring condiment, in preparing a
refreshing drink rich in antioxidants and is known to have antiseptic properties. Dried seeds yield
kokum butter, rich in protein and fat. The oil is traditionally used for treating skin diseases.

According to Carlos et al. (2008) the main component of Garcinia gummi-gutta fruits is
hydroxyl citric acid and is used in anti — obesity drugs. The fermented fruit extract is used as a
souring agent in parts of Kodagu and Kerala. In justifying its endemic property to Western
Ghats, it is evident to do a complete analysis on these plants which will help justifying which
region plants are qualitatively better. These plants in various regions of Western Ghats will show
variations in their chemical content as they are influenced by climatic and edaphic features. The
leaf of Garcinia gummi-gutta also contains hydroxyl citric acid, and has not been as much
explored as its fruit for medicinal properties (Hemshekhar et al., 2011). The RAPD markers have
been successfully used for study of genetic diversity of different medicinal plants. The number of
studies performed with molecular markers on Garcinia gummi-gutta was very limited. This tool
is very important for the analysis of genetic variability in different accessions of Garcinia
gummi-gutta.
Materials and methods
Collection of plant material

The plant material used in this study consisted of young leaves from six different
accessions of Garcinia gummi-gutta growing in Kanyakumari District of Tamil Nadu. They are
Pathukani (S1), Edaicode (S2), Elanchirai (S3), Marthandam (S4), Kodayar (S5) and
Mekkamandapam (S6).
Reagents and chemicals

The stock solution concentration were: CTAB 3% (w/v), 1M Tris-C (pH 8), 0.5M EDTA
(pH 8), 5M NacCl, absolute ethanol (AR grade), chloroform — I1AA (24:1 [v/v]),
polyvinylpyrrolidone (PVP) (40 000 mol wt) (Sigma), B — mercaptoethanol. All the chemicals

used in the experiments were of analytical grade. The extraction buffer consisted of CTAB 3%



(w/v), 100 mM Tris — CI (pH 8), 25 mM EDTA (pH 8), and 2M NaCl respectively. The
polyvinylpyrrolidone and p — mercaptoethanol were added freshly prepared (Khan et al., 2009).
DNA isolation

Freshly harvested young leaf samples (1g) were ground in liquid nitrogen using a mortar
and pestle along with 0.1g of PVP. The pulverized leaves were quickly transferred to 3
ml freshly prepared prewarmed (65°C) extraction buffer and shaken vigorously by
inversion to form slurry. The tubes were incubated at 65°C in hot air oven or water bath
for 60-90 min with intermittent shaking and swirling for every 30 min.

An equal volume of Chloroform : Isoamyl alcohol (24:1) was added and mixed properly
by inversion for 30 min and centrifuged at 12,000 rpm for 15 min at room temperature to
separate the phases (long term mixing of samples in Chloroform : Isoamylalcohol
approximately for 30 min, will help in removal of pigments and formation of brownish
color in DNA samples can be omitted).

The supernatant was carefully decanted and transferred to a new tube and was
precipitated with equal volumes and cold Isopropanol, and gently mixed to produce fibrous
DNA and incubated at -20°C for a minimum of 30 min.

The samples were centrifuged at 12000rpm for 15 min. The pellet was washed with 70%
ethanol, air dried and re-suspended in 3ml of TE buffer and 5ul of RNAse was added and
incubated O/N at 37°C (An overnight RNAse treatment helped achieving in proper
genomic DNA).

The dissolved DNA was extracted with equal volumes of phenol: chloroform : Isoamyl
alcohol (25:24:1 v/v) at 8000 rpm for 15 min.

The aqueous layer was transferred to a fresh 15 ml tube and re-extracted with equal
volume of chloroform and Isoamyl alcohol (24:1) by centrifuging at 12,000 rpm for 15
min.

The supernatant was transferred to a fresh tube and equal volumes of absolute alcohol
and 1/10 volume of sodium acetate were added and incubated at -20°C for 30 min
followed by centrifugation at 12,000 rpm for 15 min. The pellet was air dried and
resuspended in TE buffer. All the centrifugation steps were carried out at room
temperature to avoid precipitation with CTAB, DNA degradation and to obtain good
quality DNA (Padmalatha and Prasad, 2006).



Amount and purity of DNA

The yield of DNA per gram of leaf tissue extracted was measured using a UV
Spectrophotometer at 260 nm. The purity of DNA was determined by calculating the ratio of
absorbance at 260 nm to that of 280 nm. DNA concentration and purity was also determined by
running the samples on 0.8% agarose gel based on the intensities of band when compared with
the Lambda DNA marker (used to determine the concentration). The nucleic acid concentration
was calculated following the procedure of Sambrook et al. (1989).
RAPD reaction and amplification

Genetic fidelity between the plant collected from different geographical was assessed by
polymerase chain reaction (PCR) based RAPD analysis. Genomic DNA was isolated from
Garcinia gummi-gutta young leaves by CTAB method (Doyle and Doyle, 1990). The
concentration of DNA was determined by performed in a volume of 25 ul reaction mixture
containing template DNA (80 mg), 10 x PCR buffer, a UV-Vis spectrophotometer (Perkin
Elmer 2380) and quality of genomic DNA was checked following electrophoresis on 0.8 %
agarose gel. RAPD assay was performed using the 4 random decanucleotide primers. PCR was
25 mM of dNTPs, 1.5 mM MgCl,, 10 pMrandomprimer, 1U Tagpolymerase enzyme added in
sterile distilled water. DNA amplification was carried out in a DNA thermal cycler. The reaction
was set in thermal cycler as following Initial denaturation at 94 °C for 5 min, primer annealing at
33 °C for 1 min, and primer extension 72 °C for 1 min, than 39 cycles of 94 °C 1 min, 37 °C
1min, 72°C 2min. Amplification with each primer was repeated twice to confirm
reproducibility of the results. The PCR amplification products were resolved on 1.2 % agarose
gel through electrophoresis. Lambda DNA Hind I1I/EcoR T double digest was used as molecular
size marker. After electrophoresis, amplification products were visualized in a gel documentation
system.
Results

Molecular analysis was performed to assess genetic variation of plant from different sites
of Kanyakumari District, Tamil Nadu, using RAPD markers. In the present study thirty two
decamer oligonucleotide primers were screened for the RAPD analysis for identification of
genuine and young leaf samples. The amplification of DNA isolated from six different
accessions of Garcinia gummi-gutta young leaves were used as templates in polymerase chain

reaction with thirty two primers. Out of these thirty two primers, the amplification of only four



primers (OPR — 07, OPA — 13, OPA — 20 and OPA - 15) generated reproducible, informative and
easily scorable RAPD profiles (Table 1.1).

Table 1.1: List of oligonucleotide used as random primers and their nucleotide
sequence
No | Oligo Name | Sequence [5’->3"] | Annealing Temp. [°C]
1 OPR 07 ACTGGCCTGA 32
2 OPA 13 CAGCACCCAC 34
3 OPA 20 GTTGCGATCC 32
4 OPA 15 TTCCGAACCC 32

The obtained RAPD profile of Garcinia gummi-gutta fresh young leaves using four
primers. The identical RAPD profiles for each of the six samples of the particular species
indicated high reproducibility of the standardized method. The amplified fragment sizes ranged
from 100bp to 1200 bps. The number of amplification products was primer dependent (Plate
1.1).

Plate 1.1: Lanes 1-6 represents the agarose gel of DNA isolated from six different

accessions of Garcinia gummi-gutta young leaves. (Lane 7 1kb DNA ladder)

(Lane 1-6 plant samples, Lane 7 1kb DNA ladder)
The primer OPR — 07, amplified the genomic DNA of Garcinia gummi-gutta young



leaves from six different accessions, which shown in Plate 1.2. The primer, OPR — 07 amplified
the genomic DNA gave 36 total number of bands among the six samples. Among these total
number of bands, 29 bands were polymorphic and 7 bands were unique. The experimental
sample I (S1) showed only one polymorphic band, with approximate molecular size of 550 bps.
The experimental sample 11 (S2) showed 9 bands. Among these bands, only one unique
band was found with approximate molecular size of 1050 bps. Whereas the other 8 bands were
polymorphic with approximate molecular sizes of 350 to 1050 bps. In the experimental sample
I11 (S3) showed 8 bands generated. Only one unique band with an approximate molecular size of
1040 bps. The other 7 bands were polymorphic with approximate molecular sizes of 300 to 850
bps (Plate 1.2).
Plate 1.2: RAPD - PCR profile carried out with primer OPR-07 (lanes 1-6) on genomic
DNA from six different accessions of Garcinia gummi-gutta young leaves. (1kb
and 100 bp are DNA ladder)
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320 to 1000 bps. While the
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bands, 5 bands were
last band was unique
gave 7 bands, of the ar size ranging from 300 to
900 bps. Whereas the last two bands were unique with approximate molecular sizes of 210 and
280 bps. The experimental sample VI (S6) showed 5 bands. First, second and fourth bands were
polymorphic with approximate molecular size of 900, 550 and 300 bps. While third and fifth
bands are unique with approximate molecular size of 250 and 390 bps respectively. Genes with
molecular sizes ranging from 500 — 800 bps expressed intensed activity in samples S4, S5 and S6

shown in Plate 1.2.



The primer OPA — 13 amplified the genomic DNA giving 38 total number of bands
among the six samples. Among these total number of bands, 33 bands were polymorphic and 5
bands were unique (Plate 1.3).

Plate 1.3: RAPD — PCR profile carried out with primer OPA-13 (lanes 1-6) on genomic
DNA from six different accessions of Garcinia gummi-gutta young leaves. (1kb
and 100 bp are DNA ladder)
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Among these bands, only one unique band was seen with approximate molecular size of 1040
bps. While the other 8 bands were generated polymorphic with approximate molecular sizes
ranging from 170 to 1000 bps.

In the experimental sample V (S5), 9 bands were generated. Among these bands, 7 were
polymorphic and 2 unique bands. These two unique bands had an approximate molecular size of
210 and 360 bps. While in sample S4 and S5 unique bands were seen with approximate
molecular sizes of above 1200 bps. In the experimental sample VI (S6), 6 polymorphic bands
were found with approximate molecular sizes ranging from 170 to 710 bps (Plate 1.3).

Three unique bands could be visualized in the primer OPA — 20 amplified the genomic
DNA of the sample S4 and S6. The approximate molecular sizes of these bands 240 and 300 bps
of sample S4. While in the sample S6, unique band of 500 bps were visualized in Plate 1.4.



Plate 1.4: RAPD — PCR profile carried out with primer OPA-20 (lanes 1-6) on genomic
DNA from six different accessions of Garcinia gummi-gutta young leaves. (1kb
and 100 bp are DNA ladder)
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The experimental sample Il (S2) showed 7 polymorphic bands having approximate
molecular sizes ranging from 180 to 1000 bps. In the experimental sample Il (S3) showed 7
polymorphic bands were seen with approximate molecular sizes ranging from 180 to 800 bps. In
the experimental sample 1V (S4), 10 bands were generated. Among these bands, 2 were unique
bands having molecular sizes of 220 and 290 bps. While other 8 bands were polymorphic with
approximate molecular sizes of 180 and 320 to 950 bps. In the experimental sample V (S5), 7
bands were generated. Among these bands, 2 unique bands were seen with approximate
molecular sizes of 170 and 260 bps. Whereas the other 5 bands were polymorphic with
approximate molecular sizes ranging from 340 to 950 bps. In the experimental sample VI (S6), 8
bands were generated. Among these bands, 4 unique bands of 280, 300, 390 and 900 bps were
visualized. While other 4 bands were polymorphic with approximate molecular sizes of 180, 200,
490 and 680 bps respectively (Plate 1.5).

Plate 1.5: RAPD - PCR profile carried out with primer OPA-15 (lanes 1-6) on genomic
DNA from six different accessions of Garcinia gummi-gutta young leaves. (1kb

and 100 bp are DNA ladder)
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Table 1.2: Similarity matrixes between locations based on molecular data

for six different sites of Garcinia gummi-gutta fresh leaves

S1 S2 S3 S4 S5 S6
S1
S2 | 0.52632
S3 | 0.58824 | 0.82857
S4 | 0.64706 | 0.60976 | 0.67568
S5 10.48485 | 0.68571 | 0.61765 | 0.54054
S6 | 0.625 0.55 |0.61111 | 0.76471 | 0.47222 0

Among the different accession collected from Kanyakumri District sample S4, S6 and S1
grouped together and comprised a distinct sub cluster 1. Similarly sample S2, S3 and S5 grouped
together and were placed in same sub cluster | represented in Figure 1.1. The general grouping
clearly established the separation of samples according to the taxonomical variety and the
geographical origin of each population. Although, this study showed that taxonomical locations

can be distinguished according to the molecular genotyping but it can be little genotypic



variations in some locations because the variation within plant samples belonging to different
locations is extremely the rate of gene flow was very low from the RAPD analysis. This may be
because of this species pollen incompatibility and some barrier is there.
Fig 1.1: Dendrogram constructed according to UPGMA cluster analysis, based on the
molecular marker RAPD profile, showing the genetic relationship
among the six different accessions of Garcinia gummi-gutta fresh

and young leaves
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I\Folecular m?rker profiles generally refer to biochemical constituents, including primary
and secaﬂﬂgrry metabolites and other macromolecules such as nucleic acids. Secondary
metabolites as markers have been extensively used in quality control and standardization of
botanical drugs (Joshi et al., 2004). Genetic variation has been well documented that
geographical conditions affect the active constituents of the medicinal plant and hence their
molecular profiles. DNA — based techniques have been widely used for authentication of plant
species of medicinal importance. This is especially useful in case of those that are frequently
substituted or adulterated with other species or varieties that are morphologically and / or
phytochemically indistinguishable.

Genetic diversity serves as a way for populations to adapt to changing environments.
With more variation, it is more likely that some individuals in a population will possess
variations of alleles that are suited for the environment. Genetic diversity plays an important role
in the survival and adaptability of a species (Frankham and Richard, 2005). When a populations
habitat changes, the population may have to adapt to survive, this ability of the population to
adapt to the changing environment will determine their ability to cope with an environmental
changes (Pullin and Andrew, 2002). In the present investigation, RAPD — PCR profiling was

adapted to screen the study material. The results showed a reproducible pattern of amplicons



using specific combination of accessions and primer. Among the primers used screening of
genetic variations of Garcinia gummi-gutta young leaves from different geographical accessions
was carried out using thirty two oligonucleotide primers. Out of these thirty two primers, only
four primers produced clear and distinct amplification products, hence only these four primers
were used. These four primers of OPR - 07, OPA - 13, OPA — 20 and OPA — 15 developed good
RAPD profiles. The molecular size of the DNA fragments produced by RAPD primers ranged
from 100 to 1200 bps. DNA polymorphisms as revealed by four were highly polymorphic
primers depicted.

Polymorphism of each primer was calculated as the percentage of polymorphic bands to
the number of total main bands produced by the designated primer. The obtained high
polymorphism rate indicates a high genetic diversity. Number of bands generated by each primer
varied. The banding patterns were scored based on the presence or absence of clear, visible and
reproducible bands. In the present study, RAPD profiling, a total of 126 reproducible bands were
generated in six different accessions of Garcinia gummi-gutta young leaves using four random
primers. Of the 126 bands scored, 102 were polymorphic and remaining 24 were unique.

From the results of amplification with the primer OPA — 15 scored highest number of 49
bands were produced. The experimental sample 6, 3 unique bands were produced. The lowest
amplification was observed with the primer OPA — 20 produced 3 bands and these 3 bands were
unique. Some genes were over expressed in samples S4, S5 and S6 with primer OPR — 07. The
number of unique loci was identified probably due to average genetic distance observed among
all the accessions. It is mentionable that good probability of detecting unique RAPD profiles
exists with a decreasing genetic distance. However, some of the unique profiles may be shared
by other accessions in a much more inclusive group of accessions.

The banding pattern of the protein may be different in the samples of different sites,
because the DNA of different species accumulates differences due to mutation. The proteins in
different samples may also have different sequences, which accounts for different banding
patterns on the gels (Barraclough et al., 2004). Each band represents specific protein of known
molecular weight. Since the protein is gene product a protein profile give a view of gene
expression (De Freitas et al., 2010). Thus it is concluded that there are genetic differences
between the studied species. The variation within plant samples belonging to different locations

is extremely low because of decreased gene flow.



According to Thatte et al. (2012) the endemic species of Garcinia indica showed low
levels of genetic variability due to genetic drift in small populations and strong selection of
dominant characters in controlled environment, insect pollinated, seed raised progenies of
Garcinia indica exhibited lots of variability in height, branching pattern, leaf and fruit
morphology. This is may be same reason accounting for low genetic variability in the present
work too.

The experimental plant Garcinia gummi-gutta is also an endemic plant of South Western
Ghats. Western Ghats with its varied environmental conditions is one of the important hotspots
of biological diversity including plant species (Parthasarathy et al., 2010). According to Mohan
et al. (2012) determined the Random amplified polymorphic DNA (RAPD) and inter simple
sequence repeat (ISSR) markers used to analyze the genetic stability of micropropagated as well
as mother plants of three species of Garcinia viz., Garcinia gummi-gutta, Garcinia indica and
Garcinia tinctoria. No genetic variation was detected within the micropropagated plants in
comparison to their mother plants.

The genetic profile of plant populations typically varies from place to place across a
species range. These differences may arise as the result of change occurrences, such as the
genetic composition of dispersing individuals that create a new population, or changes in allele
frequencies that result from change mattings in very small populations (genetic drift) (Eckert et
al., 1996). Differences among populations can also arise systematically, especially if the
environment in various places exposes individuals to different optima for survival and
reproduction. For these and other reasons, populations often diverge from one another in their
genetic composition. Such divergence is especially strong and rapid when there is little gene
flow between populations (e.g., limited dispersal of seeds or pollen, or limited movement of
animals across physiographic barriers) (Hartl et al., 1997). Gene flow can also be obstructed by
physical barriers (i.e., topography or habitat that a pollinator, disperser, or migrating individual
cannot cross), as well as by disturbance (Levin and Donald, 1981, Slatkin, 1987).

In the present study, to establish the genetic relationship among studied six different
accessions of Garcinia gummi-gutta young leaves based on successful RAPD profiles, a
dendrogram was constructed according to UPGMA cluster analysis using the Neighbour Joining
Method (NJ). The genetic variation and dendrogram derived from RAPD fingerprinting data, two

clusters were observed, they are sample S4, Ssand S: grouped together and comprised a distinct



sub cluster 1 and other samples of Sz, Szand Ss grouped together and were placed in same sub
cluster 2.

These two sub clusters were grouped together and comprised a distinct main cluster.
Cluster analysis based on UPGMA revealed low level of genetic variation within the population.
The coefficient values were within 0.82 to 0.47. The resulting dendrogram showed
differentiation into two sub clusters grouped together one main clusters. No significant pattern
related to geographic distance could be found.

According to Parthasarathy et al. (2010) studied the cluster analysis based on NTSY'S pc2
revealed low level of genetic separation within the population. The coefficient values were
within 0.85 to 1.00. The resulting dendrogram showed differentiation into three main clusters
and seven sub clusters. The mean percentage of polymorphic loci which was 52.5% indicated
that genetic variability within the population of Garcinia gummi-gutta was not much higher than
out crossing in wind pollinated woody plants which is 53% and the result is consistent with the
average of tropical tree species (Li, 1999).

In wild species like Garcinia gummi-gutta with scanty information on genetic diversity,
the need for basic data such as the levels of heterozygosity and percent of polymorphic markers
within population are important. Garcinia being a cross pollinated species, it is expected to
observe much higher diversity but the result is consistent with the average reported for tropical
tree species (Parthasarathy et al., 2010). In the present study, RAPD analysis revealed very less
genetic variation in different accessions of Garcinia gummi-gutta young leaves. This may be
because of this species pollen incompatibility and some barrier is there. There may be
physiological or genetic process going on inside this plant to keep variations in a minimal rate.
Phytomolecular profiling of this plant clearly indicates its action on the RAPD profile.
Conclusion

In the present study thirty two decamer oligonucleotide primers were screened for
the RAPD analysis. Only four primers generated reproducible, informative and easily scorable
RAPD profiles. In the six different locations of Garcinia gummi-gutta plants, the genetic
variation was very low. This may be because of this species pollen incompatibility and some
barrier is there. Only Garcinia gummi-gutta plant growing at site S5 (Kodayar) showed
maximum genetic variation which would be exploited to look into the medicinal principles of

this important medicinal plant.
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MOLECULAR MARKERS FOR GENETIC DIVERSITY STUDY-A RICE STORY
Jaseela F.
Assistant Professor, KKTM Govt. College, Pullut, Kodungallur

ABSTRACT: Rice, belonging to the genus Oryza is the world’s most important food crop.
Intensive selection in modern breeding practices has led to a severe loss of genetic diversity in
the cultivated rice gene pool, rendering rice varieties more vulnerable to disease and insect
epidemics and consequently threatening the world food security. Future increases in rice
production will essentially rely on the use of genetic resources in the rice gene pool, and most

significantly the traditional varieties, landraces and wild species of Oryza, which are important



reservoirs of useful agronomic traits. Genetic enhancement through wide hybridization is an
excellent way to capture these useful genes for increasing resistance to biotic and abiotic
stresses and improving sustainability and nutritional quality of the cultivated rice. Reliable
characterization of a wide range of traits is an essential step towards a fuller utilization of the
wild genetic resources in plant improvement and also for the conservation of genetic resources.
The paper comprehensively throws light on the use of various marker systems for genetic
diversity analysis of rice germplasm for proficient germplasm conservation and management.
KEY WORDS: Rice, Genetic Diversity, Molecular markers

INTRODUCTION

Rice (Oryza sativa L.) is one of the world’s most important food crops, which feeds more
than half the global population, mainly in Asia, Africa and South America. Rice accounts for
35-75% of the calories consumed by more than 3 billion Asians. It contains almost all the amino
acids essential for humans, except lysine (Sasaki, 2001). It has a long cultivation history and is
as deeply entrenched in the daily lives of Asian people as religion or cultural tradition.
Historians believe that it was first domesticated in the area covering the foothills of the Eastern
Himalayas (North-Eastern India), stretching through Burma, Thailand, Laos, Vietnam and
Southern China. Based on phyto-geographical evidence, Nair et al. (1964) considered peninsular
India and more particularly, the Malabar Coast as the centre of origin of rice. China and India,
which account for more than one-third of global population (52.3% over the 1999-2003 period),
supply over half of the World's rice.

According to UN estimates, world population that stands at ~ 6 billion now is likely to
stabilize at ~10 billion by 2050 with major increases being in rice consuming areas (Jain, 2003).
Rice production has increased by 130% from 257 million tons in 1966 to 600 million tons in
2000. In spite of these advances in food grain production, according to various estimates we will
have to produce 40% more rice by 2030 to satisfy the ever growing demand. This increased
demand will have to be met from less land, with less water, less labor and fewer chemicals. To
meet the challenge of producing more rice from less land we need rice varieties that are tolerant
to stress, with higher yield potential and greater yield stability. With the modernization of
agriculture and the establishment of monoculture of a few profitable varieties, genetic erosion
has occurred which resulted in increased risk of outbreaks of diseases and insects. It has been

estimated that more than 200 million tons of rice are lost every year due to environmental



stresses, diseases and insect pests (Herdt, 1991) and the numbers still keeps increasing. Genetic
variability for agronomic traits is the key component of breeding programs to broaden the gene
pool of rice and other crops. The major source of this genetic variability is found in gene pools
involving traditional varieties and wild relatives of Oryza. This paper is an attempt to point out
the need for genetic conservation and the indispensable role that is being played by the various
marker systems as an analytical tool and technique for characterizing the rich genetic diversity of
rice germplasm which would assist in enriching the food basket of the world.

Classes of markers: The identification and conservation of genetically diverse germplasm is
considered essential for breeding programs. Until recent advances in molecular genetics,
breeders have been improving both qualitative and quantitative inherited traits by conventional
breeding methods. For assessing the genetic diversity existing in germplasm of a particular crop
species i.e., assessment of genetic diversity within and between plant populations, different
classes of marker systems are being routinely used. They include the classical techniques such as
morphological/phenotypic characters, or biochemical characters including polypeptide or
allozyme variations. However, the breeding based on phenotypic evaluation and selection, are
resource-consuming. Morphological and agronomic descriptors have not always been sufficient
to distinguish germplasm accessions because all genetic differentiation need not result in
morphological variations and in such situations the use of molecular markers is advisable to
detect small variations among genotypes (Silva et al., 1992). In this context DNA based (or
molecular) marker analysis has gained impetus especially in the postgenomic era.

Molecular markers are discrete, codominant, non deleterious characters that are
unaffected by environment and free of epistatic interactions (Tanksley et al., 1989). Molecular
characterization helps to determine the breeding behaviour of species, individual reproductive
success and the existence of gene flow, ie. the movement of alleles within and between
populations of the same or related species and its consequences (Papa and Gepts, 2003). It also
improves and allows the elucidation of phylogeny, and provide the basic knowledge for
understanding taxonomy, domestication and evolution (Nwakanma et al., 2003) thereby offering
a good basis for better conservation approaches.  Another important role of genetic
characterization is that of identifying useful genes in germplasm. Characterization has benefited
from several approaches resulting from advances in molecular genetics and Quantitative Trait

Loci (QTL) mapping and gene tagging (Kelly et al.,2003; Yamada et al.,2004). Ultimately,



mapped DNA markers provide a way to clone genes of interest when the product of those genes
is unknown. Currently, two main types of molecular markers, biochemical markers and DNA-
based markers are available for genetic studies.

Biochemical markers

Biochemical markers are protein based molecular markers. Markert and Moller (1959)
were the first to introduce the term biochemical polymorphisms often referred to as allozyme or
isozyme markers which are functionally similar forms of enzymes (Murphy et al., 1990)
displaying differential mobility with electrophoretic techniques. They can be detected by staining
for enzyme activity (Conkle et al., 1982) and the variability at the biochemical level is
considered as a measure of direct genetic action or protein expression (Alfenas et al., 1991).

The use of isozyme electrophoresis, in basic plant genetics and its potential for the
identification of genetic markers in practical plant breeding programmes have been extensively
reviewed (Tanksley and Orton, 1983). Using isozyme patterns, Second (1982) studied variability
within a large number of accessions of O. sativa, O. glaberrima, and species of the O. perennis
complex of Asia and Africa. Genetic distances calculated from the study showed that the
cultivated, wild and weedy African species formed a genetic group distinct from O. sativa.
While from the analysis of isozyme patterns of alcohol dehydrogenase, Richard et al. (1986)
concluded that O. glaberrima was domesticated from O. breviligulata independent of O. sativa,
Grover and Pental (1992) classified the genus into six different groups. An insight into the
genome differentiation in Oryza was provided by Second (1985) through isozyme studies.
Genetic studies on isozyme locus Est 10 revealed the association of this locus to phylogenetic
and evolutionary differentiation in rice (Cai et al., 2003).

Isozyme markers were successfully used to study genetic differentiation in rice cultivars
(Pai and Hu, 1977; Glaszmann, 1986; 1987; 1988). A classification of African traditional rice
varieties was made by de Kochko (1987), Japanese rice varieties were classified into indica and
japonica types (Ishikawa et al., 1991) and Lee et al. (1996) classified Korean rice germplasm
using isozymic variability. Gao et al. (2000b; 2001) made allozyme survey to reveal genetic
variation in O. granulata and O. officinalis populations from China while Igbal and Farooq
(2001) assessed genetic differentiation of wild relatives of rice using isozyme markers.

Just like isozyme markers, protein fingerprinting is another effective biochemical marker

system finding its utility in germplasm characterization and evaluation. In this system, total cell



proteins are extracted from plant parts like leaves, shoot, or seeds and then subjected to
electrophoresis. Montalvanet al. (1998) used seed protein polymorphism for discrimination of
improvement level and geographic origin of upland rice cultivars. Genetic differentiation of wild
relatives of rice was assessed using storage proteins (Cong and Hirata, 2002).
DNA based Markers

Biochemical markers,thougheffective in revealing genetic diversity, are subjected to
environmental influences.Their effectiveness in estimating relatedness is also limited by the
lesser number of loci detected (Tanksley, 1983; Tanksley, 1993). Soto achieve a better and
complete knowledge of the germplasm estimating genetic diversity by DNA based molecular
markers becomes important to complement the genetic data revealed by biochemical markers.

DNA-based markers are broadly classified in to two; (1) Hybridization or non-PCR based
(2) PCR-based techniques. While in hybridization-based markers, a labeled probe (a DNA
fragment of known origin or sequence) is used to visualize the DNA profiles by hybridizing with
the restriction enzyme digested DNA, in PCR based markers in vitro amplification of particular
DNA sequences or loci are done with the help of specifically or arbitrarily chosen
oligonucleotide sequences (primers) and a thermostable DNA polymerase enzyme. The
amplified fragments are separated electrophoretically and banding patterns are detected either by

staining or autoradiography.

Non PCR based (Hybridization Based)

Restriction Fragment Length Polymorphism (RFLP): This analysis is one of the first
techniques widely used to detect variation at the sequence level (Botstein et al., 1980) in which
the DNA is digested with restriction enzymes and the resultant fragments are separated by gel
electrophoresis followed by Southern Blotting.Specific banding patterns are visualized by
subsequent hybridization with a radiolabelled probe. Specific probe/enzyme combinations will
give highly reproducible restriction fragment patterns for a given individual. Polymorphism
occurs when mutations alter the sequence in restriction sites or due to insertion/deletion of base
pairs resulting in alteration of the fragment length between the sites (Evola et al., 1986). In Rice

research RFLP markers have been used for studying phylogeny and evolutionary relationships,



genetic delimitation of taxa, to differentiate between cultivars, and to construct linkage or
comparative mapping.

Evolutionary relationships among rice genomes and species were investigated by
organelle and nuclear DNA restriction fragment length polymorphisms (Dally and Second, 1990;
Second, 1991; Abe et al., 1999; Bautista et al., 2001). The endonuclease analysis of chloroplast
DNA by Ishii et al. (1988) strongly suggested diphyletic domestication since the two major
chloroplast genome types found in O. sativa are likely to have originated independently from the
corresponding types in O. rufipogon. While, Zheng et al. (1994) made phylogenetic analysis of
wide compatibility varieties using RFLP markers, Jena and Kochert (1991) analyzed species
with CCDD genome.

Genetic differentiation of wild relatives of rice was assessed using RFLP analysis (Sun et
al., 2000; Lu et al.,, 2002). Jena et al. (1994) constructed a comparative RFLP map of O.
officinalis using 139 genomic and cDNA probes previously used to map RFLPs in O. sativa and
found that 9 out of 12 chromosomes of O. officinalis were homosequential to those of O. sativa.
Relationship between the CCDD genome of O. latifolia and the AA genome of O. sativa was
studied using a comparative RFLP map (Huang and Kochert, 1994).

RFLP marker systems has helped in reconstruction of rice phylogeny (Wang et al.,1992;
Second and Wang 1992; Lu et al., 2002). RFLP probes derived from nuclear (Wang and
Tanksley, 1989; Zhang et al.,1992; Ishii et al.,1995; Oba et al.,1996) and chloroplast DNA (Ishii
and Tsunewaki, 1991) have been used to differentiate between indica and japonica rice cultivars.
Olufowote et al. (1997) made comparative evaluation of within-cultivar variation using
microsatellite and RFLP markers.

Despite its advantages, these markers present some drawbacks, like use of radioactive
elements, the laboriousness of the technique, and the requirement of high quantity of good
quality DNA. Moreover they are not easy to automate. Hence in the post genomic era these
markers has been used after appropriate modifications especially converting them into PCR
based markers. RFLP markers converted in to PCR based-markers include Sequence-tagged sites
(STS), Allele-specific associated primers (ASAPS), Expressed sequence tag markers (EST),
Single strand conformation polymorphism (SSCP) to name a few.

PCR based Markers



The polymerase chain reaction (PCR) technology (Mullis and Faloona, 1987) has
revolutionized the diversity assessment and it favored the development of different molecular
techniques such as Random Amplified Polymorphic DNA (RAPD), Simple Sequence Repeats
(SSR or microsatellite), Sequence Tagged Sites (STS), Random Amplified Microsatellite
Polymorphism (RAMP) and Inter-Simple Sequence Repeat polymorphic DNA (ISSR), and so on
(Saiki et al., 1988; Welsh and McClelland 1990; Williams et al., 1990; Akkaya et al., 1992;
Tragoonrung et al., 1992; Wu et al., 1994; Zietkiewicz et al., 1994; Nagaoka and Ogihara 1997).
RAPD- Random Amplified Polymorphic DNA is based on the probability that a DNA sequence,
homologous to a single short oligonucleotide primer, will occur at different sites on opposite
strands of a DNA template within a distance that is amplifiable by PCR. Many advantages like
non-radioactive detection, non-requirement of prior DNA sequence information for a genome,
universal primers which work in any genome, requisite of very small amount of genomic DNA,
experimental simplicity, and no need for expensive equipment beyond a thermocycler and a
transilluminator (Rafalski, 1997) makes the RAPD method a valuable tool for a molecular
geneticist.

Mackill (1995) classified japonica rice cultivars with RAPD markers. Fukuoka et al.
(1992) also employed RAPD for identification of rice accessions. While, Yu and Nguyen (1994)
analyzed genetic variation among upland and lowland rice cultivars using RAPD analysis, Ishii et
al. (1996) revealed genetic diversity and evolutionary relationship among rice species with AA genome and
reconstructed the rice phylogeny based on the study. RAPD fingerprinting has been used for
identification and parentage determination of hybrid rice (Wang et al., 1994a) and for genetic
characterization of aromatic rice (Verma et al., 1999).RAPD markers have also provided
significant advances in the construction and saturation of genetic maps in rice (Monna et al.,
1994). Naqgvi and Chattoo (1996) have identified 2 RAPDs tightly linked to Pi-10 and converted
them into SCARSs to facilitate Marker Assisted Selection.

Population structure and diversity of O. malampuzhaensis, endemic to Western Ghats,
assessed using RAPD markers, revealed a narrow genetic base and pointed to the need for
conservation of the species (Thomas et al., 2001). Kuroda et al. (2003) assessed population
genetic structure of wild rice in mainland Southeast Asia using microsatellite polymorphisms.
The study revealed that the mating systems within populations and genetic differentiation among

populations are clearly differentiated between perennials and annuals. Polymorphism in RAPD



profiles was analyzed to explore the genomic structure specific to jasmine rice (Wu et al., 2006).
They identified and sequenced four RAPD fragments that cooperatively distinguished jasmine
rice from others.

Simple sequence repeats or microsatellites (SSRs): Simple sequence repeats or microsatellites
are short, tandemly repeated DNA sequence motifs that consist of two to six nucleotide core
units, and were initially described in humans (Litt and Luty, 1989). The applicability of
microsatellite markers in genome analysis primarily depends on three inherent circumstances:
abundance, hypervariability and in most cases, stable Mendelian inheritance (Ellegran, 1993).

Ichikawa et al. (1986) and Provan et al. (1997) made genetic analysis of Oryza species by
analyzing chloroplast DNA variability using molecular markers including SSRs. Genome maps
based, at least in part, on microsatellite markers now exist forrice (Cho et al., 2000). Phylogeny
of rice has been reconstructed using mitochondrial and chloroplast SSR (Nishikawaet al.,
2005).Garris et al. (2005) studied genetic structure of 234 accessions of rice at 169 nuclear SSRs
and two chloroplast loci. The study revealed a closer evolutionary relationship between the
indica and the aus and among the tropical japonica, temperate japonica and aromatic groups.

The germplasm collections from various regions could serve as valuable resources in
breeding for abiotic stress tolerance, grain yield and cooking/eating quality. To utilize such
collections, however, breeders need information about the extent and distribution of genetic
diversity present within collections. In a study involving population genetic analysis of 107
aromatic and quality rice accessions collected from different parts of NE India, Roy et al. (2015)
reports the importance of regional genetic studies for understanding diversification of aromatic
rice in India utilizing simple sequence repeat (SSR) markers and classified the accessions in the
context of a set of structured global rice cultivars.

Inter-simple sequence repeat (ISSR): The inter-simple sequence repeat (ISSR) technique uses
primers that are complementary to a single SSR and anchored at either the 5 or 3’ end with a
one- to three-base extension (Zietkiewiczet et al., 1994). These primers trigger site-specific
annealing and initiates PCR amplification of genomic segments which are flanked by inversely
oriented and closely spaced repeat sequences. They exhibit specificity of sequence tagged site
markers, but need no sequence information for primer synthesis enjoying the advantage of

random markers. Extremely high variability and high “mapping density” as compared with
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RFLP and RAPD data make these dominant, microsatellite-based molecular markers ideal for
producing genetic maps of individual species (Nagaoka and Ogihara 1997).

Phylogeny of rice has been reconstructed by ISSRs (Joshi et al., 2000), Comparison of genetic
diversity in land races and modern cultivars has been achieved with ISSRs (Sarla et al., 2000;
2005).An assessment of genetic diversity of allelopathic rice germplasm based on RAPD and
ISSR was made by He et al. (2004).

Amplified Fragment Length Polymorphism (AFLP): This is a DNA based marker technique
wherein loci are generated using a procedure that combines restriction digestion and PCR
amplification (Zabeau, 1993). While AFLP is capable of producing very complex fingerprints
(100 bands where RAPD produces 20; Fig. 1), it requires DNA of reasonable quality and is more
experimentally demanding (Karp et al., 1996).
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Fig. 1 Comparison of RAPD and AFLP profile

The AFLP technique has been used in rice research for marker saturation (Maheswaran et
al., 1997), for reconstructing phylogeny (Aggarwal et al.,1999) and for the construction of
linkage maps (Xu et al., 2000).Park et al. (2003) utilized MITE-AFLP for studying phylogeny of
rice.
A survey of genetic diversity of Cuban rice cultivars conducted using AFLP markers revealed
low levels of diversity among the cultivars (Fuentes et al., 1999). Comparison of genetic
diversity in land races and modern cultivars has been achieved with AFLP markers (Prashanth et
al., 2002). Sardesai et al. (2002) identified an AFLP marker SA598 that is linked to Gm7 which
are useful in MAS for developing gall midge resistant varieties.

CONCLUSION



The germplasm diversity evaluation has been tremendously empowered by invoking
biomolecular analytical techniques like isozymes, polypeptide and DNA polymorphism
profiling, thus, facilitating direct and reliable measurements of genetic divergence. Knowledge
of genetic diversity estimated from different marker systems provide different levels of
information that would facilitate the adept management of germplasm resources. Moreover,
molecular markers are not only recognized as significant tools to orient plant genetic resource
conservation management but also are known to provide accurate estimation of genetic diversity
and genetic structure for species of interest, which would cater to the diverse needs of plant
breeders for utilizing genetic resources in crop improvement programs. It has been shown that
different markers might reveal different classes of variations and are correlated with the genome
fraction surveyed by each kind of marker, their distribution throughout the genome and the
extent of the DNA target which is analyzed by specific assay. Hence, it is worth complementing
the data revealed by a particular marker with that of others thereby giving a better understanding
of the extent of genetic variation present in a germplasm.
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GENE EXPRESSION ANALYSIS USING MICROARRAY
Haripriya R. , Department of Botany, St. Thomas College, Kozhencherry

Genomics and Proteomics together created various methods for the gene expression
profiling through which the measurement of the activity of genes can be done. These profiles can
create a global picture of function of the gene and the genome by monitoring thousands of genes
simultaneously. It provides information about the cell’s type, state, effect of certain treatments,
diseases, developmental stages of cell, its environment etc. e.g., if breast cancer cells express
higher levels of mMRNA associated with a particular trans-membrane receptor than normal cells
do, it might be that this receptor plays a role in breast cancer. The most common method for gene
expression profiling is Microarray technology.

The term ‘micro’ means small and ‘array’ means orderly arrangement. It is a two
dimensional array in which a collection of orderly microscopic spots called features, each with
thousands of identical probes, attached to a solid substrate, usually a glass slide or a silicon thin
film. The concept and methodology of microarray was first introduced and illustrated by Tse
Wen Chang in 1983 and later developed as an efficient technique by Sir Edwin M Southern. This
technique was first applied to determine changes in gene expression based on glucose or ethanol
addition to growing cultures of model organism Saccharomyces cerevisiae. The ‘gene chip’
industry started to grow significantly after 1995 with the establishment of companies such as
Affymetrix, Arrayit, Illumina etc.

The gene chip or biochip or microarray chip is similar to a 1.25cmx1.25 cm checkboard.
Each tiny square is 11mmx11lmm (micrometer) and holds one unique type of probe. The
oligonucleotide sequence spotted on the chip is called the probe and the location on the array
with a particular probe sequence is called feature. The target is the sequence to be identified and
it hybridizes with probe and emits a signal which can be identified using various techniques.

The core principle behind microarray is the hybridization between two DNA strands, the
property of complementary nucleic acid sequences to specifically pair with each other. Based on
the complementarity there will be strong and weak bonding between probes and target
sequences. After washing off non-specific weak bond sequences, only strongly paired strands
will remain hybridized. Fluorescently labeled target generate signals which will be analyzed and
identified.



—
v

,...
Sed

_ Millions of identical
c probes/feature

Feature 1
rM 11 um (probe 1)

MM Feature 2
(probe 2)

> 1.4 X 10° features/array

o~

Lim

A |_—

ka
:

z NN [
>ansosH | N [REENSL o0~

2=+
>eEn Sl -

C
Probe set
for a single
B transcript/genotype

Based on the fabrication or manufacturing of microarray there are two types of

arrays; spotted microarrays and printed (in situ synthesized) microarrays. The fabrication
methods are depending upon the number of probes under examination, costs,
requirements etc. Spotted microarrays are generated using robot arrayer or capillary
printing tips by spotting probes of known genes on chip. The probes used in spotted
arrays are prior synthesized molecules and it includes oligonucleotides, cDNA or small
fragments of PCR products that corresponds to specific mMRNAs. There are robotic
spotters which can spot thousands of probes at a time. The capillary printing tips also
helps to spot probes on chip efficiently. Printed microarrays are created by printing
probes on chip using different techniques. Most commonly used technique for printing
probe is the photolithographic techniques. Oligonucleotides of necessary sequences can
be generated on the chip with the help of photolithographic mask, protective groups and

light by specifically adding required nucleotides after de-protection.
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The assay protocol starts from the creation of microarray chip. The sample or the
solution which contains the sequence to be identified is then injected into the microarray
chip. Then allow the chip for probe array hybridization and then wash off the unbound
sequences and then analyze it. For that purpose array scanners can be utilized and signal
intensity can be quantified. Based on the analysis the sequences in the sample can be
predicted.

The central dogma of molecular biology indicates that the genes are expressed as
MRNAs and then as proteins. So profiling can be done by screening the products of gene
such as mRNAs or proteins. The screening of mMRNAs can be done by DNA microarray
by creating cDNAs.But the fact isthat the mMRNA levels do not necessarily correlate to the
amount of expressed protein. MRNA and protein molecules each have varying half lives
in a particular cell or tissue type and hence degradation of each may be unequal. Bacterial
MRNA prevails in a cell for about one and half minute in an average while in vertebrate
cells, mRNA may have half-lives approaching 3 hours. But proteins because of their
structural and enzymatic activities may have much longer duration spanning several
hours to days. So the absence of any mRNA transcript does not necessarily mean that the
corresponding protein is also absent. So the development of protein microarray
technology is also very essential for an accurate profiling of genes.

The technology of DNA microarrays has become the most sophisticated and the
most widely used, while the use of protein, peptide and carbohydrate microarrays
(glycoarrays) are expanding. DNA microarray includes mainly 2 types such as cDNA
microarrays and oligonucleotide microarrays. In cDNA microarrays, the cDNA
molecules, taken from cDNA libraries or produced from known mRNA molecules are
used as probes for identification. It is usually a two-colour microarray, which typically
hybridized with cDNA prepared from two samples to be compared (e.g., diseased tissue
vs. healthy tissue) and that are labeled with two different fluorophores. Commonly used
fluorescent dyes includes Cy3 (emission wavelength 570nm) and Cy5 (emission
wavelength 670nm). The two Cy-labeled cDNA samples are mixed and hybridized to a
single microarray chip that is then scanned in a microarray scanner to visualize
fluorescence of two dyes after excitation with a laser beam. The relative intensities of

each dye helps in the identification of up-regulated and down-regulated genes. These



types of arrays are commonly used to find out the gene expression profile of cancerous
cells. In oligonucleotide microarrays, the oligonucleotide probes are synthesized on the
chip using different techniques. Then fluorescent dye labeled target DNA molecules are
allowed for hybridization with immobilized oligonucleotides on chip. After a stringent
wash of the chip the fluorescence produced by hybridization of probe and target can be
detected using various techniques.

The protein microarray technology is also in a developing stage. It is possible
because of the interaction of proteins with DNA, lectin, lipid, RNA and other protein
molecules. Antibody microarray is also an example of protein microarrays. The major
problem faced by protein arrays is the absence of a perfect probe molecule for the proper
identification of the target molecule. There are forward phase arrays and reverse phase
arrays. In forward phase arrays the probe molecules are spotted on chip where as in
reverse phase arrays the target or the molecules to be identified are spotted on the chip.
The same fluorescent labeling techniques can be used in the identification of these
molecules.

The other applications of microarray include the gene discovery, diagnosis of
pathogens and diseases, drug discovery, toxicological research etc. Microarrays in
combination with bioinformatics and functional genomics, continues to expand the
knowledge of various metabolic regulatory networks. It is now possible to identify the up
or down-regulated biosynthetic enzymes and transcription factors using a comparative

approach and molecular biology methods.
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IN SILICO SCREENING OF BIOACTIVE MOLECULES FROM Elephantopus scaber
FOR BINDING WITH CARDIAC POTASSIUM ION CHANNELS, Kir2.1 AND Kir3.1
Esha Kuriakose*, Anu P. A, Mohind C Mohan, Prakash Kumar B*

* CMS College Kottayam, # School of Biosciences, Mahatma Gandhi University

Abstract:- The study deals with the in silico screening of bioactive molecules from
Elephantopus scaber with cardiac potassium channels. Structures of cardiac inward
rectifier potassium channels, Kir2.1 and Kir3.1 downloaded from Protein Data Bank
(PDB) were used as proteins for the study. The protein structures were optimized and
their energies were minimized using Swiss-Pdb viewer. Bioactive molecules from
Elephantopus scaber namely, Methylumbelliferone, Atractylodin,
Hydroxydihydrobovolide, Lysine theophylline, Thunberginol F, Alismorientol A,
Lotaustralin, 2-amino-4-(4-phenylpiperazino)-1,3,5-triazine, Phytosphingosine,
Chamazulene, Ethyl oleate, Aminophylline and Piperine were used as test ligands and
Dronedarone and Azimilide, two drugs known to block Kir2.1 and Kir3.1 channels
respectively were used as standard. The structures of ligands were identified from
ChemSpider database and drawn using ChemSketch software. The ligands were then
converted to pdb format using the Open Babel software. AutoDock 4.0 was used as the
molecular docking tool to create appropriate grid parameters for each screening and
Cygwin64 terminal to carry out docking simulations between the potassium channels and
the ligands. Results were analyzed based on the binding energy by which each molecule
gets bound to the channel. And the outputs were visualized using Discovery studio 4.1™.
2-amino-4-(4-phenylpiperazino)-1,3,5-triazine  binds more effectively with Kir2.1
channel since its binding energy is less than that of standard drug Dronedarone. While, in
case of Kir3.1, all bioactive molecules exhibits higher binding energy than that of
Azimilide used as standard. Still, the binding energies shown by Phytosphingosine,

Piperine, and Hydroxydihydrobovolide are comparable with that of Azimilide.



