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ABSTRACT

The availability of complete genome sequences f@amyneukaryotic organisms
continues to contribute towards a better understgndf their genome design and
evolution. This investigation involves computatibaaalysis of genome architecture
of 6 eukaryotic genomes (4 vertebratiesapiens, P.troglodytes, M.musculus, D.rerio;

2 invertebrateC.elegans, D.melanogaster). We further analyzed the drug targets, that
is, proteins in the human genome with FDA (Food dhaig Administration)
approved drugs using various parameters such &sipiateracting partners, number
of exons, number of pathways, number of tissuespaotdin family to find if there is
any co-relation between these parameters and thetability of the protein. It was
observed that proteins from single exonic genesnaoee likely to have an FDA

approved drug.

These data have implications in understanding gokiar genome design and may
also contribute in drug target selection which he tmost important step in drug

discovery.

Further, a database was constructed on discordanns. These investigations will

help us in understanding eukaryotic genome design.
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CHAPTER 1 FUNDAMENTAL OF COMPUTATIONAL

RESEARCH ON GENE

1.1 Gene

The smallest functional unit of inherited infornmatiis a gene (Morgan, 1917). A
gene is a DNA sequence and most genes containmafmn for making specific
proteins [Figurel.1]. Each DNA molecule is compgbeétwo polynucleotide strands
twisted around each other to form a double helbaidwn and Crick, 1953) [Figure
1.2]. The polynucleotide is made of four types afcleic acid bases (Adenine,
Thymine, Guanine and Cytosine represented as A5 Bnd C respectively). Each
strand has a chemical polarity, described as giworg a 5' end to a 3' end, and this is
based on the position of the carbon atom on theopernring to which phosphate
groups bind in either direction [Figure 1.3]. Thengtic code is read as a series of
codons, each of which consists of three base figWs which in turn corresponds to a

single amino acid (Crick, 1968)



Figure 1.1
Genes are pieces of DNA and most genes containntbemation for making a

specific protein. The regions that code for thetgiroare called exons. Long regions
of DNA called introns that have no apparent protmding function separate exons in
eukaryotes. This picture is reproduced from thesggoy of genetic terms at
http://www.nhgri.nih.gov/DIR /VIP/glossary/pub-gkery.cgi.



THE STRUCTURE OF DNA
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Figure 1.2

The structure of DNA is illustrated by a right-hadddouble helix, with about 10
nucleotide pairs per helical turn. Each spiralredffacomposed of a sugar phosphate
backbone and attached bases, is connected to alerosmgary strand by hydrogen
bonding between paired bases, adenine (A) with ihgn(T) and guanine (G) with
cytosine (C). James Watson and Francis Crick fiesicribed this structure in 1953.
This picture is reproduced from the glossary of dajen terms at
http://www.nhgri.nih.gov/DIR /VIP/glossary/pub-gksry.cgi.
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Figure 1.3

The chemical structure of DNA is illustrated in @étAdenine (A) and thymine (T)
are connected by two hydrogen bonds (non-covalenile guanine (G) and cytosine
(C) are connected by three hydrogen bonds. S =r;sBga phosphate. This picture is
reproduced from the glossary of genetic terms &b:/hww.nhgri.nih.gov/DIR
IVIP/glossary/pub-glossary.cgi.



1.2 Eukaryotic Gene
In eukaryotes, the transcribed sequence (synthlegtd¢A) is further divided into
exons (coding sequences) and introns (intervenmg-aoding sequences). This is

illustrated in Figure 1.4a and Figure 1.4b.

promoter
upstream transcription termination
requlatory start site (+1) sequences
elements ) )
intron 1 intron 2
ni exon 2 exon 3

ol b
5|'—UTR 3'—U'I|'R

coding region

TRANSCRIPTION UNIT

GENE

Figure 1.4a

Schematic representation of an eukaryotic gene isigowlifferent components
required for producing the primary transcript. Tprémary transcript is much longer
than the mRNA coded by the gene because of thdategy elements required for
transcription, processing of the 3' end and theruening sequences (introns).
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Figure 1.4b

In chromosomes, DNA acts as a template for thehggig of RNA in a process called
transcription. DNA is transcribed to produce pregassed RNA which after
processing is ready to be translated into a protrimany eukaryotic genes, the DNA
sequence coding for proteins, or “exons”, may ibterrupted by stretches of non-
coding DNA, called “introns”. This process invag removal of introns and joining
of exons. The edited sequence is called “messeRf&k” or MRNA. The mRNA,
which carries the gene's instructions, dictates ghaduction of proteins by the
ribosomes. This picture is reproduced from the sgogs of genetic terms at
http://www.nhgri.nih.gov/DIR /VIP/glossary/pub-gkery.cgi.



1.3 Exons

The genetic unit of function in the gene that cgpands to a polypeptide chain is
called the exon. However, in genes that do not doda functional protein product
such as the tRNA genes of yeast and the rRNA gan&sosophila, and the viral
messages from adenovirus, Rous sarcoma virus amthenleukaemia virus, the
primary RNA transcript contains internal regionatthre excised during maturation.
The final tRNA or messenger is a spliced produchew interrupted genes code for

rRNA or tRNA the exons do not have a protein codungction (Gilbert, 1978).

1.4 Introns

The term intron (intragenic regions) as proposedGipert in 1978 represents the
genetic unit that will be lost in the mature meggnRNA (Gilbert, 1978). The

unexpected extra DNA in eukaryotic cells, the egces DNA over that needed to
code for products defined genetically, is ascribesl introns. However, some
eukaryotic protein coding genes are not interrudtgdintrons. For example, the
human G-protein coupled receptors are predominamiignless (Gentles and Karlin,
1999). Some other intronless genes include theipleilgenes encoding the histone
proteins (Schaffneet al., 1978) and the uninterrupted genes coding for fieten

proteins in vertebrates during viral infections.
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Figure 1.5
Types of introns based on their position relativéhie reading frame. Phase 0, Phase 1

and Phase 2 introns are shown schematically. N1,aN@ N3 are nucleotides
representing a codon.



Properties of Introns

1)

()

®3)

(4)

()

(6)

()

(8)

Introns are intervening non-coding sequences irasuakic genes (Gilbert,
1978).

Introns are found in nuclear genes coding for pnste rRNA, tRNA,
mitochondrial genes of lower eukaryotes, chloraplgenes, T4 phage,
archaebacteria and rarely in eubacterial geneb€jl1978).

Introns invariably begin and end with highly presat splice site sequences
[beginning and ending with GT and AG respectivelibp, 1991) or
occasionally begin with AT and end with AC] (Nilset®96; Tarn and Steitz,
1996).

Intron positions correlate with module boundariesancient proteins (de
Souzaet al., 1996).

Introns are involved in many cellular functionslirting recombination and
gene regulation (Carvalho and Clark, 1999).

The evolutionary advantage of having introns isgbtential to specify more
than one polypeptide from a single gene. It turasthat for a substantial
minority of genes, the primary transcript can bcsg together in more than
one way, a process known as alternative spliciranidet al., 1999).

Introns participate in mutagenesis and gene re@gton leading to diseases
(Janssemt al., 2000).

Generally, as one proceeds down the evolutionatgida fewer and fewer
protein-coding genes are interrupted and the isttbat do exist tend to be
shorter. For instance, the human and the rat cybooh c genes are
interrupted by introns while the yeast cytochromgeae lacks introns. The

Drosophila alcohol dehydrogenase gene has intrdme vihe comparable



yeast gene does not. Less than 4% of yeast gené&sircntrons and introns
account for less than 1% of the entire genomel{iai999).

(9) Genome size increase with intron size (DeutschLamd), 1999).

(10) Occasionally, introns assume a function within ¢tke# as templates not for
regular RNA but for RNA that has another role amel éxons in such a gene
are silent (Tycowskét al., 1996).

(11) A number of eukaryotes require at least one infantheir transcripts to
accumulate to maximal levels (Hamer and Leder, 181@hman and Berg,
1988). To account for this intron dependent RNAuacglation, it has been
suggested that introns contribute to 3’ end prongssfficiency (Huang and
Gorman, 1990;Pandeyet al., 1990; Nesic and Maquat, 1994), nuclear
stability and nucleocytoplasmic transport (Ryu aNltkertz, 1989) or

transcriptional enhancement (Chung and Perry, 1989)

1.5 Evolution of Exons and Introns

Shortly after the discovery of split genes, it wealized that the existence of introns
may have a necessary role in the biology of theasudic cell and might have
dramatic consequences on protein evolution (GilHE78). It was pointed out that
recombination within introns could assort exonejpehdently, and middle repetitious
sequences in introns may create hotspots for reicatntn to shuffle the exonic
sequences. Two types of hypotheses explain theemresof introns in most

eukaryotic protein-coding genes and their abserme prokaryotes.

10



1.5.1 “Intron Early” Hypotheses

To suggest that introns are “early” is to suggésat protein-coding genes of the
cenancestor (the most recent common ancestor diaebacteria, eubacteria and
eukaryotes) had a genome full of introns, and ‘teieamlining” (systematic loss of

introns) accounts for the existence of intronlessl antron-poor genomes. The
“introns early” hypotheses assumed that intronsl &®NA splicing are the relics of

the RNA world and the “genes in pieces” organiaatof the eukaryotic genome is
the original, ancestral form (Darnell, 1978; Datgit 1978; Darnell and Doolittle,

1986; Gilbert, 1986). According to this view, ewkates retained introns and the
genetic plasticity of the primitive ancestors of @lls. On the other hand, bacteria
gained increased efficiency by eliminating theitrons. Supporters of the introns-
early hypotheses assume that the introns of altepraoding genes reflect the
assembly of these genes from pieces; that exonsid#®d correspond to building
blocks from which all the genes were assemblednkpnic recombination (Gilbert

andGlynias 1993).

One version of “introns-early”, the “exon theonf genes” (Gilbert, 1987), proposes
that exons date back not only to the cenancestarmuch further, to the very first

protein-coding genes - primordial mini genes thatevater assembled into modern-
sized genes by mixing and matching (“exon shufffin(Blake, 1978; Blake, 1979;

Blake, 1983; Gilbert, 1978). The “exon theory ohgs” pursues the idea that the
shuffling of a limited number of exons whose praduare modular folding elements
IS an extremely potent way to generate a largersityeof protein structures (de Souza

et al., 1996). It suggests that the ancient proteins wesergially aggregates of short

11



polypeptides perhaps 15-20 amino acid residuegngth and that the genes were

initially assembled from small exons of this size.

1.5.2 “Intron Late” Hypotheses

In contrast with “intron early theory”, the “imbns late” theories suggest that the
prokaryotic genes resemble the ancestral oneshatdhe introns were inserted later
in genes of eukaryotes (Crick, 1979; Cavalier, 198&ch, 1985; Orgel and Crick,
1980; Sharp, 1985). The exon-intron structure ddaeyotic protein-coding genes is
evolving: introns are continually inserted into (@sll as removed from) genes. The
actual mechanisms of insertion, propagation of seaiesplicing introns have been
analyzed in detail and the mechanisms responsil¢he insertion of spliceosomal
introns are also becoming clear (Dujon, 1989; LawitioandBelfort, 1989; Perlman
and Butow, 1989; Morl an8chmelzer1990; Belfort, 1991; Belfort, 1993; Lambowitz,

1993; Muelleret al., 1993; Grivell, 1994; Patthy, 1995).

Since introns themselves are subject to evoluitois, clear that exon shuffling has
been evolving in parallel with the evolution ofroms. Previous argument shows that
the introns suitable for exon shuffling appeared atlatively late stage of evolution,
therefore, exon shuffling could not play a majolerm the construction of ancient
proteins (Patthy, 1987; Patthy, 1991). The selies introns of the RNA world that
could be present at the time the first proteinsewfermed are practically unsuitable
for exon shuffling by intronic recombination: susdlf-splicing introns already encode
the essential splicing function, therefore theiguence is not tolerant to intronic
recombination (Patthy, 1987; Patthy, 1991; Patth994). Exon-shuffling could

become significant only with the appearance ofcgjpisomal introns. These introns

12



play a negligible role in their own excision; thieme, intronic recombination is less
likely to produce recombinant introns that are cefit in splicing. Furthermore, the
nonessential parts of spliceosomal introns couldoexnodate large segments of
middle repetitious sequences, further increasing tbhances of intronic
recombination. Since spliceosomal introns evolvedtively recently from group II
self-splicing introns (Cech, 1986; Jacquier, 19€9@valier, 1991; Copertino and
Hallick, 1993; Sharp, 1994) and are restricted hmirt evolutionary distribution
(Cavalier, 1991; Logsdon, 1991; Palmer and Logsd@®@®1) exon-shuffling could
play a major role only in the construction of “ymger” proteins (Patthy, 1987,

Patthy, 1991; Patthy, 1994; Patthy, 1995; PattB96).

1.5.3 Different Approaches to Test Models for Inton Evolution

Position of exon-exon boundaries in proteins of knen structure
Immunoglobulin

If introns are ancient-relics of the way proteinsrev built as modules, exon-exon
boundaries should be found at the boundaries betvdeenains. Immunoglobulin
exons correspond to domains and functional elemigggire 1.7] (Sakanet al.,
1979; Early et al., 1979). Introns separate the three constant regionachs CH1,
CH2 and CH3 in the cases of gamma-1 and the alphayhchains. Separate exons
encode the hinge region and the sequence of 150amcid residues that lies between
CH1 and CH2. The former exon provides a flexiblénpan the molecule and the
latter exon includes the cysteines that form theulghide connections between the

two heavy chains.

13



v chain

yariab ke constant

yvariab ke constant B constant  constant
leader  4omain hinge  4omain 2 domain 3

heayy chain

Figure 1.6

Functional elements (variable domains, constantaiojrhinge and leader) in the
immunoglobulin protein product correspond to exanshe gene. The dark shaded
boxes correspond to exons and the dotted boxesspamnd to introns.
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Globins
Globins have a simpler gene structure. Haemoglaliian colored by exons shows
no obvious relationship between structural modales exon boundaries [Figure 1.8]

(Tilghmanet al., 1978; Jeffreys and Flavell, 1977ederet al., 1978).

Figure 1.7

Haemoglobin is colored based on exon boundaries tfiree exons are colored in
blue, red and white). There is no obvious relatimé¥etween structural modules and
exon boundaries.

Construction of Phylogenetic Trees for Evolutionary Related Genes and

Identifying The Differences in Intron-Exon Structure

15



If introns are recent, one should see lineages wittons present at different
locations. The following picture is a diagrammatipresentation of distribution of
introns in Actins [Figure 1.9]. Actins are ubiquit proteins conserved in evolution
and an analysis of their gene structures from uarmrganisms has revealed that there
may be at least 25 intron positions distributecdiéifierent positions in the coding
regions. A comparison of intron positions from al@&range of organisms from that of
yeast to human actins shows that introns coulchbesral in origin. The conservation
in the observed intron patterns within the différéesue types hints at a possible
functional significance of introns in present dayim genes (Bagavathi and Malathi,

1996).

0 100 200 300

yeast
s0ybean
maize

7 Oxytricha

1 Dichtyostelium
1 Drosophila (1)
1 Drosophila (2)
1 s5ea urchin
sea urchin muscle
chicken

rat

hurnan (1)
hurnan {2)
human (3]

Figure 1.8

The distribution of introns in actin gene familyilisistrated schematically. Black bars
represent introns. The intron locations are showiedzlon positions at the top. This
picture is based on Bagavathi S (1996).
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1.6 Eukaryotic Gene Structure Prediction

A brief summary of gene finding approaches in ewstas has been reported
elsewhere (Stormo, 2000).Gene structure identifinancludes 2 steps:
(1) Type of information used by the program
(2) Algorithm used for prediction to combine that infaation into a coherent
prediction
Type of Information Used by The Program
(1) Signals
(2) Content Measures
(3) Similarity Measures
Signals
Signals involves recognition of spliced sites, itke donor site and the
acceptor site. If signals could be detected, tioblpm in finding the codeing
region from the open reading frame could be solved.
Content Measures
Content Measures involoves identification of stai#éd characteristics that
can help distinguish coding region from non-codiagion.
Similarity Measures
Similarity measures can be employed to identifyicgdregion and non-
coding region compound of genomic DNA.
Algorithm that Is Employed to Combine The Information into A Coherent
Prediction
Sequence similarity is assessed typically by segpie@omparison algorithms that

follow two main approaches.

17



(1) Dynamic Programming (Bertsekas, 1995; Gelfand amytlberg, 1993;
Snyder and Stormo, 1993)
(2) Hidden Markov Models (Churchill, 1989)
Such algorithms can be used to combine the siryilaneasure information into a

coherent prediction.

1.7 Efficiency of Gene Structure Prediction Prograns

Current software tools are moderately effectivenedicting genetic structure (exons,
introns, intergenic regions and complete genesjinfr@w DNA sequence data.
Improvements in accuracy and speed are neededlavith the increasing volume of
data from large scale sequencing projects. A comsparfor different gene structure
prediction programs is shown in [Table 1.1]. Thef@@nance comparison shown
below is for the Burset /Guigo test set (Burset @uigo, 1996) (570 vertebrate genes,

average coding proportion 0.21). n/a = not appleab

18



Program Sn Sp Sq CC AC XSn XSp
GRPL(Hu) 093 093 0984 091 091 0.76 0.79
GRPL (Hu)+ 097 097 0990 096 096 081 0.85

GENSCAN 093 0.93 n/a 092 091 078 0.81

Genie 0.76 0.77 n/a na 0.72 055 048
GRAIL2 0.72 0.87 n/a 0.76 0.75 0.36 043
GenelD 0.63 0.81 n/a 0.65 0.67 0.44 0.46
Xpound 0.61 0.87 n/a 0.69 068 0.15 0.18
GenelD+ 091 0.91 n/a 0.88 088 0.73 0.70

GeneParse3 0.86 0.91 n/a 0.85 086 056 0.58

Table 1.1

A comparison for different gene structure predittprograms is shown (reproduced
from Hooper, 2000). Sp = specificity, Sn = sensitivity, CC = coriigda coefficient,

XSn = exon sensitivity, XSp = exon specificity, A0d CC are similar. The detailed
description of each parameter is available elsesv(téooper, 2000).

1.8 Exon - Intron Distribution in Crown Eukaryotic Genomes

Annotation of genes is an integral part of evengayee-sequencing project. However,
a large number of uncharacterized DNA sequencesgarerated by eukaryotic
genome projects. When one determines the intron-estoucture of a newly
characterized gene, one wonders if it is a knowrcgire or if it represents an entirely
novel structure. This involves exact determinatdrgene structures such as coding
and non-coding regions, promoters and transcriptegulatory elements. Thus, it
becomes essential to develop algorithms for contipmt@ gene finding. Developing
sensitive computational methods to find genes gahoeading frames in eukaryotic
genome sequences is an important task in genontickes. It depends on the

complete statistical description and understanddfigntron-exon organization in
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eukaryotic genes. An updated statistical descrptibintron-exon structures has been
missing and is important for the theoretical stoélyhe origin and evolution of genes
and genomes. Recently, the statistical distributainintrons and exons in 10
eukaryotic model organisms was reported (Deutsahh laong, 1999). The study
reports the following:

(1) A eukaryotic gene on average contains 3.7 intragrs Kb protein coding
region.

(2) Most exons are 90-120 nucleotides (30-40 amino)adidues in the
dataset.

(3) Most introns are 40-125 nucleotides long in thaskait.

(4) Genome size seems to be increased with total ileogth per gene. For
example, invertebrate introns are smaller thanethaishuman genes, whion
the other hand yeast introns are shorter than telveate introns.

(5) Introns of size smaller than 50 base pair are Bogmitly less frequent than
longer introns, possibly resulting from a minimumron size requirement for

intron splicing.

1.9 Genbank — The Pre-Eminent Nucleotide Sequencefabase

Overview

GenBank is the National Institute of Health’'s gemetequence database and is an
annotated collection of all publicly available remfide and protein sequences. The
unit records in GenBank represent single, contigugitetches of DNA or RNA with
annotations. The files are grouped into *“divisionthat roughly correspond to
taxonomic divisions. Some divisions are due to Bgemitiatives in biology and

represent the functional categorization. Therecareently 16 subdivisions. The data
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in GenBank comes from two sources, direct submissfcom the authors to one of
the databases and bulk submissions from the seiqgecenters in the form of ESTs,
STS, GSS or large genomic records (usually seqgefroen cosmids, BACs or
YACs). Data is exchanged daily with DDBJ, in Japend EMBL, in Europe. They
represent different distribution points, for thengainformation, in different formats.
The US Office of Patent and Trademarks also camti sequence data from issued
patents. The GenBank, EMBL, and DDBJ nucleic aegugnce data banks have from
their inception used tables of sites and featuvedescribe the roles and locations of

higher order sequence domains and elements withigenome of an organism.

Description of GenBank Flatfile (GBFF)

The GenBank Flatfile (GBFF) is the unit of inforneett in the GenBank database.
Each GBFF contains three parts. Theader contains the descriptors (information)
that apply to the whole record. The second partpmes thefeatures that describe
the annotations on the record and the third is riheleotide sequenceitself. All

nucleotide database records end with “//” on tls¢liae of the record.

Header

The header is the most database specific parteofettord and variations in this exist
between different databases. The first elemenhanline is the LOCUS name. This

term historically represented the genetic LOCUS thas the subject of the record.

This element starts with an alphabet and its lerggthnot exceed 10 characters.
Characters after the first alphabet can be numarialphabetic and all letters are

uppercase. The next component on the locus litreeitength of the sequence in base

pairs. In practice GenBank and other databasdsmseficcept sequences less than 50
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bp and more than 350k bp in length. The next itenthe locus line is the molecule
type. The “mol-type” usually is DNA or RNA. Theypes are DNA, RNA, tRNA,
rRNA, mRNA, and represent the original biologicadlecule. The next component is
the three-letter GenBank divisional code. It hakezitaxonomic inferences or other
classification purposes. These classifications antatrary and less useful as the
taxonomic information is better represented in @mganism lines and the Source
features of the GenBank entry. The date on thesldice is the date the record was
last made public or first made public. It can dieothe date of sequence submission.
GenBank makes no claim on the modification of stegorted dates. The definition
line (also called the “DE” line) is the line irhé GenBank record that attempts to
summarize the biology of the record. The Accessiomber (“AC”) is the third line
type of the record and is the key to referencecartkin the database. The AC number
is the number that is cited in the original puldiiea and is the unique permanent
identification code for the sequence. The NID lirepresents the gi (geninfo
identifier) number for the nucleotide sequence. iAngmber represents a unique
identifier associated with a unique sequence. & skequence changes, the gi will
change, but the accession number will stay the sdthe SOURCE line has the
common name of the organism and its scientific name taxonomic classification.
Each GenBank record must have at least one REFERENG citation. This field
gives scientific credit to the authors of the warkd typically points to the literature
that explains the background context for the suleahisequence. When a reference is
published, usually a MEDLINE identifier will be ment. The CITATION/JOURNAL

is present in most GenBank records giving scientifedit to the people responsible
for the work surrounding the submitted sequenceusitally includes the postal

address of the first author or main laboratory whitve work was done. The last part
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in the header section is the COMMENTS (also calldelscriptors”) that refer to the

whole record. This segment is optional.

Feature Table (FT)

The middle segment of the GBFF record is the Feafable (“FT”). This is the most
direct representation of the biological informatiarthe record. This section describes
some of the key GenBank that offer annotationspmtific portions of the sequence.
The overall goal of the feature table design ipravide an extensive vocabulary for
describing features in the sequence in a flexibtugh framework so that they can be
easily manipulated on a computer. Typically, thtouts feature table, each entry

holds information about transcription, splicing arehslation associated signals.

Eukaryotic Gene Structure in Genbank Feature Table

The CDS feature is the instruction to the readejdming the two sequences together
or on making an amino acid sequence from the itelicaoordinates and the inferred
genetic code. The GBFF maps all features througbN& sequence coordinate
system whereby the amino acid position is infertecbugh those of the DNA
coordinates. This feature also illustrates the lukda cross-reference (db_xref)
qualifier that allows the databases to cross-referehe sequence in question to an

external database with a specific identifier oft dh@tabase.

The location contains at least one sequence latdgscriptor and may contain one or
more operators with one or more sequence locagsorgptors. Base numbers refer to
the numbering in the entry. This numbering whicima$ necessarily the same as the

numbering scheme used in the published report,aesignates the first base (5' end)
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of the presented sequence as base 1. Base lochégosd the range of the presented
sequence may not be used in location descriptdrs.|dcation descriptor can be one
of the following:

a. Single base number.

b. Site between two indicated base numbers.

c. Single base chosen from within a specified rangeagks.

d. Base numbers delimiting a sequence span.

e. Remote entry identifier followed by a local locatidescriptor (i.e., a to d).

A site between two points (nucleotides), such adoerucleolytic cleavage site is
indicated by listing the two points separated bgasat (*). The first base number
indicates a single base chosen from a range oraplaases and the last base number
of the range separated by a single period (e.gl)2ritlicates a single base taken
between the indicated points. The “less-than” &gin(<) and the “greater-than”
symbol (>) indicate that a range “end point” igywnd and does not include the
specified known base number. The starting baseéoruindicates sequence spans and
the ending base number separated by two periods (84..456"”). The “<” and
“>" symbols may be used with the starting and egdbase numbers to indicate that
an end point is beyond (and does not include) frexiBed base number. A single
point chosen from a range of points uses the “Xg‘mat described above. Feature
labels are used in location descriptors only whieaytare required to improve
readability. A location in a remote entry (not tbetry to which the feature table
belongs) can be specified in either of two ways:spgcifying the remote entry (by
Accession number) followed by a location descriptdnich applies to that entry's

sequence, or by specifying the remote entry follbweg the label of a feature in that
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entry's feature table. The location operator isediythat specifies what must be done
to the indicated sequence to find or constructdbation corresponding to the feature.
The allowable operators are:

(1) “complement (location)” means the complement & pnesented sequence
in the span specified by “location” (i.e., reathet complement of the
presented strand in its 5' to 3' direction).

(2) Join (location, location . location) implies thheé indicated elements should
be joined (placed end to end) to form one contigws®guence.

(3) Order (location, location .. location) means tiet €lements can be found in
the specified order (5' to 3' direction), but nothiis implied about the

reasonableness about joining them.

SEQ
The “feature table” is followed by the SEQ line tthgives information on the

composition of the nucleotide sequence followedheynucleotide sequence.

1.10 Genome Revolution and Eukaryotic Gene Structe

Advancements in genetic engineering, micro-fabiecattechniques and nano-
technology have revolutionized biotechnology inercyears (West and Halas, 2000).
The huge data generated by rapid genome sequehasdeen subjected to data-
warehousing, clustering, curation and by post-genamalysis. This has resulted in
several specialized databases (Baxevanis, 2000)B&, the main repository of

nucleotide sequence data contains more than 3idnbilucleotide bases from over
55, 000 different organisms and doubles every 16thso(Bensomt al., 2000). Based

on the available knowledge in the GenBank featusblet the accuracy of
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computational gene-finding algorithms has improsaphificantly over the past years
(Stormo, 2000; Burge and Karlin, 1998; Burge andliKa1997; Wu, 1996). A
normal mathematical formalism is often inadequatedéscribe gene structures in
eukaryotic genes. A better description of exoneimtorganization in eukaryotic genes
will aid in tracing the connecting control mechamnss of their functions in protein
products. A number of authors have conducted congmsive analysis on exon-intron
distribution in eukaryotic genes (Deutsch and Lot§99; Tomitaet al., 1996;
Hawkins, 1988). However, little is known about grnciples governing exon intron
organization in eukaryotic genomes. In this theses investigate three aspects of
eukaryotic genomes:
(1) To investigate the length distribution properties &€xons & introns in 6
eukaryotic genomes.
(2) To investigate the characteristics of FDA approdaays & the role of SEG
as drug targets.

(3) Create a DB on mismatched introns from human angseo

1.11 Organization of The Thesis

Corresponding to the above 3 objectives, the fallgvehapters in this thesis are:

* Chapter 2: Intron & exon length distribution fore@ikaryotic genomes. To
make use of the completed sequenced 6 eukaryotionges available on
GenBank, their intron, exon and intergenic lengfiorimation is extracted, and
the length distribution patterns of intron and exae plotted, so that some
regularity and similarity can be identified at tpggnome structure level.

» Chapter 3: Characteristics of targets for FDA appdodrugs. A detailed study
on the five genome structure level characteristit$~DA approved drugs,
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which are the number of pathway, number of tissuepber of protein-protein
interaction, number of protein families and numdieexons, is reported.
Chapter 4: Database on mismatched introns (MIDB).otder to build a
platform for the ease of research on mismatch mtiois desired to have the
intron and exon information for the orthologues dmnologues from 2 or
more species. In this research, firsty homologand orthologous genes for
human and mouse are identified, and then the igtama exons information is
extracted out from the NCBI data file based onttbmologue and orthologue
pairs. Users can analyze the intron mismatch patt#fr human mouse
homologue or orthologue with all the above dataesasible on web.

Chapter 5: Conclusion and future work.

27



CHAPTER 2 INTRON, EXON LENGTH DISTRIBUTIONS FOR 6

EUKARYOTIC GENOMES

2.1 Introduction

The availability of complete genome sequences fa@amyneukaryotic organisms
continues to contribute towards a better understgndf their genome design and
evolution. Vertebrate genes are typically splibimumerous small exons interrupted
by much larger introns (10 or 100 times longer) WiKims, 1988). Exon-intron
architecture varies across the eukaryotic kingdath genes with small exons usual
in vertebrates and genes with small introns beimgnal in invertebrates (Sternetr
al., 1996). A number of available informational systerns various gene
characteristics complement each other and are pedgable for many genomic
studies. For example, EID, Entrez Gene, Ensembb@®e Browser, UCSC Genome
Browser, SpliceNest, Xpro, ISIS, ExInt and othar§,action of which can be found in
Galperin’s biological database repository. Thedaluses present diverse information
on the genes and also provide web-based interfacegiick and simple access to the

data.

With the tremendous increase in genome sequencimgegs, a variety of
computational techniques have been developed t iimdirect manner infer gene
structure from genome sequence data, including dagection of intron—exon
boundaries; see Zhan@002) for a comprehensive review. These technidues
been proved to perform better such that they caograze the large number of
intron—exon boundaries within the CDS. Analysisexon—intron gene structures is

complex and non-trivial due to enormous expansiohghe eukaryotic genomes
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(Gregoryet al. 2007), great variety of gene forms, and the impéniss in sequence

data. Thus, gene annotations constantly expandupddte with refinement in gene
annotation programs creating the need for consexplorations on genome

architecture and design in the expanding varietgashpletely sequenced eukaryotic
genomes and their analyses. Examination of intrmhexon characteristics can reveal
the nature of the underlying mechanism that resamthe intron in order for it to be
spliced. These analyses also help identify theepadtand regularities in eukaryotic

genomes.

With the purpose to understand how the genes deaistcs of the exon-intron
structures evolved, the first collection of exotrém structures in eukaryotic genes
was published byHawkins in 1988. Since then many disparate reports have been
presented and the use of patterns in exons ar@h@to understand gene structure is
becoming increasingly ubiquitous. Also, the sega¢arrangement of coding (exons)
and non-coding (introns) regions is of particulaerest from a biological viewpoint
in revealing essential details necessary for unaeding the assembly of the
spliceosome and the splicing process in generaltdobet al. reported exon-intron
structures from eukaryotic model organisms andyaeal the statistical distribution of
spliceosomal introns (splicing of these intronsuiesg the participation of a specific
set of protein-RNA particles) and exons of nuclganes in 10 eukaryotic model
organisms from GenBank (Deutsch and Long, 1999nhcGoently, Sakharkar et al.
provided a distribution of genes, exons and intionthe human and mouse genomes
and discerned correlations between them (Sakhagtkal, 2004; Sakharkaket al.,
2005). The analyses provide a general picture ¢ gechitecture of intron-containing

human and mouse genes. The results suggestechéhadtal length in introns and
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intergenic DNA on each chromosome is significardtyrelated to the determined
chromosome size (genome size) and provided ingmtiheir role in shaping and

structuring of both the human and mouse genomdd&learet al., 2005).

In this manuscript, we present exon-intron lengtbfife analyses for six crown
eukaryotic genomes - human, mouse, chimpanzeeafidr worm and fly. A

statistical analysis on length comparisons of fsbn and first intron, and last exon
and last intron with the average length of remarexon or intron is also provided.
These analyses provide a quantitative and quaktatiew of genome organization
and the findings could help improve gene structprediction by computational

methods.

2.2 Materials and Methods

The H.sapiens genome data (Aug 2006), tRe.troglodytes genome data (May 2007),
the M.musculus genome data (Mar 2007), , tBererio genome data (Apr 2007), the
C.elegans genome data (Apr 2007) and tbe melanogaster genome data (Jul 2007),
were downloaded from the National Center for Bibtemlogy Information (NCBI) at

ftp://ftp.ncbi.nlm.nih.gov/genomes/. The data wprecessed for extraction of exons
and introns based on the CDS feature table anontais described elsewhere

(Sakharkaet al., 2002).

Starting with 32930 CDS iil.sapiens, 51259 CDS irP.troglodytes, 27406 CDS in
M.musculus, 32219 CDS inD.rerio, 22844 CDS inC.elegans and 19765 CDS in
D.melanogaster, we filtered out 280397 exons and 248031 intromis H.sapiens,

478532 exons and 427280 introns Rairoglodytes, 226677 exons and 199282 introns
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for M.musculus, 255249 exons and 223049 introns [rerio, 145608 exons and
122764 introns fo€.elegans and 89336 exons and 69578 intronsDamel anogaster

[Table 2.1-2.6]. Results of exons (exons in theimgpdegion) and introns (introns
between the coding exons) length distributions webelated for further analysis and
correlations among them were discerned. For thetiftEation of first and last exons
and introns, the data was extracted using the mR¥#ure and its comparison with

the CDS.
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Average
#of #of Chr size Length/Chr Length/Chr  Length/Chr Shortest Longest Length Stand deviation

Chr # #introns exons CDS Exon/CDS Intron Exon Intergenic ({1 locus bp) size Intron  size Exon sizelgd Exon Intron Exon Intron Exon Intron Exon Intron

1 28933 32359 3426 9.45 117208860 5223531  1415379226212984  51.80% 2.30% 62.60% 1 1 12048 397263 161.4 40510 2233 122051
2 18807 20891 2162 9.66 107288794 3593372  16003947B7898220  45.10% 1.50% 67.30% 1 30 17106 483412 170.8 5703.8 3462 17247.7
3 14172 15883 1711 9.28 91800662 2577343  1296776005304083  47.00% 1.30% 66.40% 1 30 6654 522714 1623 6477.6 2179 213015
4 8947 10162 1215 8.36 66587808 1787338 1319831287939711  35.40% 1.00% 70.20% 1 37 6255 494708 1759 74425 256.6 21096.5
5 10518 12022 1504 7.99 72961432 2202695  1226712237846453  41.00% 1.20% 69.00% 1 32 10489 370360 1832 6936.8 331.7 202652
6 11289 12833 1544 8.31 69625838 2231284  114570288659099554  41.20% 1.30% 67.80% 1 30 7152 469892 1739 6167.6 256.8 18857.6
7 12152 13799 1749 7.89 85780039 2335430  994598835540P083  55.20% 1.50% 64.00% 1 30 12219 657297 167.1 7056.8 262.0 234559
8 8282 9467 1185 7.99 57149089 1659136 98981018 33036  39.90% 1.20% 69.10% 1 53 7263 387853 1753 69004 316.7 19628.5
9 10195 11574 1387 8.34 54635136 1933732 789798262098D686  45.20% 1.60% 65.30% 1 33 6436 256666 166.8 5358.9 248.4 13660.3
10 11294 12674 1380 9.18 74656963 1964101  8132701431738012  56.70% 1.50% 61.70% 1 30 7812 482575 1550 6610.3 2289 20034.0
11 12655 14517 1862 7.8 56854453 2551815  825496213124P147  43.30% 1.90% 62.90% 1 31 17331 589253 175.8 44926 274.7 16627.1
12 13238 14800 1562 9.48 58143236 2319730  8577419930303534  44.60% 1.80% 65.80% 1 30 5002 328545 156.7 4392.1 1786 12582.8
13 3843 4368 525 8.32 32048851 786128 68459745  6@SBA  33.50% 0.80% 71.50% 1 33 11555 740920 180.0 83395 343.9 304626
14 7045 7957 1205 6.6 40038526 1460988 60517862 90BBB 45.30% 1.70% 68.50% 1 43 8340 479079 1735 5677.7 2543 19006.3
15 9202 10358 1156 8.96 43294501 1682291 52139185 1926261 52.80% 2.10% 63.60% 2 1 8035 550366 162.4 4704.9 236.9 13082.9
16 12410 13890 1480 9.39 36696726 2391835  526538038990239 46.50% 3.00% 66.70% 1 30 8612 466049 172.2 2957.0 239.2 10685.7
17 14583 16279 1696 9.6 44268755 2650124 45295326 9617833 55.60% 3.30% 56.90% 1 31 5565 292213 1628 30356 2046 9486.2
18 3478 3952 474 8.34 29310923 685131 51298510 0466  39.30% 0.90% 68.70% 1 32 4721 411175 1734 84275 2483 21130.0
19 12225 14102 1877 751 24447601 2597142 3343913%6037509 43.60% 4.60% 59.70% 1 1 5059 96613 1842 1999.8 2732 4297.0
20 6216 7077 861 8.22 30076918 1131615 40706586 0SB 50.50% 1.90% 68.40% 3 60 3738 544980 159.9 4838.6 2130 17892.0
21 3216 3675 459 8.01 16866227 588864 25332217  18®45  47.60% 1.70% 71.50% 1 64 5916 323563 160.2 5244.5 266.7 15605.3
22 5497 6304 890 7.08 20526198 1051942 21375358 588D 58.50% 3.00% 61.00% 1 34 6762 268179 1632 37341 2558 105104
Chrx 9071 10538 1467 7.18 63085108 1938478  1159798152577922  41.30% 1.30% 75.60% 1 33 6042 536480 184.0 6954.6 289.6 22389.1
chry 763 916 153 5.99 4180725 153201 19320069  ®62  16.30% 0.60% 75.30% 3 64 2493 400349 167.3 5479.3 2348 19119.1
Total 248031 280397 32930 8.5 1297533369  4749724613386952 2870827355

Table 2.1

Summary oiH.sapiens Genome data by Chromosome.
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Average Stand
Chr size Shortest Longest Length deviation
# of # of (X locus  Length/Chr Length/Chr Length/Chr
Chr #introns exons CDS Exon/CDS Intron Exon Intergenic bp) size Intron  size Exon sizelgd Exon Intron Exon Intron Exon Intron Exon Intron
1 43786 49165 5379 9.14 205606594 7827255 130705253 232780216 _ 88.30% 3.40% 56.10% 1 30 9129 452683 159.2 4695.7 199.2 13562.3
2a_ 16039 17900 1863 9.61 90209332 2758669 74586326 111497100  80.90% 2.50% 66.90% 1 30 7572 492350 154.1 5624.1 192.2 15445.7
2b 19797 21677 1880 11.53 118304437 3268304 83645109 132835831  89.10% 2.50% 63.00% 1 32 6877 423212 150.8 5975.9 194.1 182653
3 28627 31679 3052 10.38 204781594 4927802 127848229 202464459  101.10% 2.40% 63.10% 1 30 6137 503647 155.6 7153.4 195.1 23128.4
4 19617 21926 2309 9.50 150456434 3550176 129082333 197326094 76.20% 1.80% 65.40% 1 33 6255 535821 161.9 7669.7 216.7 20970.8
5 21390 23922 2532 9.45 142889600 3964393 120888845 182067534  78.50% 2.20% 66.40% 1 30 6577 689076 165.7 6680.2 273.4 19286.6
6 20057 22623 2566 8.82 120939256 3731329 114835023 177555873  68.10% 2.10% 64.70% 1 30 7152 475829 164.9 6029.8 218.2 18362.6
7 20792 23338 2546 9.17 155992643 3639335 92663305 162359053  96.10% 2.20% 57.10% 1 30 4779 672886 155.9 75025 208.3 22580.9
8 15469 17364 1895 9.16 111212120 2617309 93109683 148638763  74.80% 1.80% 62.60% 1 30 7188 698552 150.7 7189.4 187.9 19340.7
9 17524 19533 2009 9.72 89867562 3119658 77630081 120061799  74.90% 2.60% 64.70% 1 30 6598 259262 159.7 51283 225.1 13103.4
10 19662 21918 2256 9.72 132125597 3249484 84586724 137441083  96.10% 2.40% 61.50% 1 30 6848 522632 148.3 6719.8 1984 207756
11 26748 29963 3215 9.32 126453146 4797224 84217203 135429951  93.40% 3.50% 62.20% 1 30 7206 668104 160.1 4727.6 2059 178243
12 22399 24951 2552 9.78 102775710 3814419 88956566 135675203  75.80% 2.80% 65.60% 1 30 3818 316780 152.9 4588.4 164.0 11913.4
13 9062 10033 971 10.33 63909190 1547131 59494587 98704794  64.70% 1.60% 60.30% 1 30 11555 710571 154.2 7052.4 274.2 22946.4
14 14487 16222 1739 9.33 97042281 2592994 60903847 90582208  107.10% 2.90% 67.20% 1 31 6828 485763 159.7 6698.1 191.7 243179
15 16482 18225 1743 10.46 79383931 2851851 48573826 82071288  96.70% 3.50% 59.20% 1 30 9530 561408 156.5 4816.4 2024 12204.0
16 16481 18576 2096 8.86 64165847 2906227 43160909 83696349 76.70% 3.50% 51.60% 1 31 5493 508707 156.4 3893.2 1823 13574.0
17 23878 26711 2833 9.43 76511070 4130027 47935138 81665014 93.70% 5.10% 58.70% 1 30 5550 297336 154.6 3204.2 200.2 9152.3
18 7094 7939 845 9.40 55204356 1259103 52504578 77548041 71.20% 1.60% 67.70% 1 35 4764 420394 158.6 7781.8 242.0 17037.2
19 16521 19029 2508 7.59 35552804 3356530 34812892 58176543 61.10% 5.80% 59.80% 1 30 5058 291065 176.4 2152.0 254.9 5841.8
20 11287 12638 1351 9.35 49116180 1897460 41322261 61944263 79.30% 3.10% 66.70% 2 30 3108 547962 150.1 43516 188.2 14214.1
21 5584 6219 635 9.79 27733976 976297 23547356 32724799 84.70% 3.00% 72.00% 1 40 5916 318495 157.0 4966.7 271.5 148748
22 8262 9348 1086 8.61 27439990 1450229 18671594 35163897 78.00% 4.10% 53.10% 1 30 5661 333697 155.1 3321.2 197.6 9523.2
ChrX 5324 6574 1250 5.26 33413780 1283549 63420556 150212081  22.20% 0.90% 42.20% 1 30 4719 486283 195.2 6276.1 280.6 20625.6
chry o911 1059 148 7.16 4045302 157018 13897685 23467553 17.20% 0.70% 59.20% 3 60 1595 100054 148.3 44405 169.9 12716.2
Total 427280 478532 51259 9.3 2365132732 75673773 1810999909 2952089789
Table 2.2

Summary ofP.troglodytes Genome data by Chromosome.
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Average

#of #of Chr size Length/Chr Length/Chr  Length/Chr Shortest Longest Length Stand deviation
Chr # #introns  exons CDS Exon/CDS Intron Exon Intergenic () locus bp® size Intron  size Exor size Igc Exon Intron Exon Intron Exon Intron Exon Intron
1 13233 14808 1575 9.40 72548755 2573960  13410193001534870  37.90% 1.30% 70.00% 1 30 8558 396454 173.8 54824 257.0 16393.8
2 17530 19766 2236 8.84 67157390 3567825  12395861078726762  37.60% 2.00% 69.40% 1 32 17106 362815 180.5 3831.0 3174 12905.1
3 9269 10549 1280 8.24 48575176 1817729  11639760666457112  31.00% 1.20% 74.40% 1 1 7993 472564 172.3 5240.6 250.8 18046.1
4 11599 13221 1622 8.15 47515047 2319608  10535884B51489701  31.40% 1.50% 69.50% 1 30 8020 375391 1754 4096.5 2545 12139.6
5 13417 15052 1635 9.21 56963253 2590451  10211589650168310  37.90% 1.70% 68.00% 1 30 5953 564636 172.1 42456 2332 142823
6 9747 11205 1458 7.69 53633615 1970225 98992329 629B685  36.70% 1.30% 67.70% 1 31 4740 593603 1758 5502.6 223.8 20193.0
7 13927 16336 2409 6.78 47390134 3411487  986759514137B004  33.50% 2.40% 69.80% 1 30 7293 412932 2088 34028 3205 11549.5
8 10622 11940 1318 9.06 45936373 2047875  875456152547P059  36.60% 1.60% 69.80% 1 33 7225 639386 1715 4324.6 2817 16206.5
9 11558 13015 1457 8.93 46887361 2288023  7748283820717901  38.80% 1.90% 64.20% 1 1 11544 612881 1758 4056.7 276.0 15439.1
10 9251 10514 1263 8.32 50718680 1879282  889603722681P929  40.00% 1.50% 70.10% 1 1 5139 487269 178.7 54825 236.2 199743
11 14967 16896 1929 8.76 46288759 2897009  7699671M18711832  39.00% 2.40% 64.90% 1 42 7442 479339 1715 3092.7 233.1 10500.1
12 7253 8261 1008 8.20 36057275 1452633 85844326 708159  30.80% 1.20% 73.30% 1 39 7467 429635 1758 49714 2655 15810.1
13 6448 7500 1052 7.13 39003805 1432579 81440242 716B569  33.30% 1.20% 69.50% 2 35 6490 707703 191.0 6049.0 316.7 19515.0
14 7944 9071 1127 8.05 43721282 1536488 86442187 0927A70  36.20% 1.30% 71.50% 1 30 4805 735947 1694 5503.7 2216 24867.4
15 8699 9698 999 9.71 35791401 1755527 71905245 49BBD9  35.60% 1.70% 71.60% 1 30 10318 275464 181.0 41144 339.6 13083.9
16 6249 7093 855 8.30 33914154 1223049 67633140 2995D 35.60% 1.30% 71.00% 1 32 6410 666870 1721 5427.1 259.0 18704.9
17 9075 10362 1287 8.05 32650027 1907905 64454451 2111%11 35.40% 2.10% 70.00% 1 30 6569 277725 184.1 3597.8 255.0 12955.5
18 4782 5459 677 8.06 32114681 1092181 63923079 65837 36.70% 1.20% 73.00% 2 30 6577 395281 200.1 6715.7 3440 19254.9
19 6740 7611 871 8.74 30028226 1304219 35913490 21380 51.70% 2.20% 61.80% 1 43 16626 558120 1714 44552 306.5 20919.4
ChrX 6663 7929 1266 6.26 34777653 1583001  12753073860546165  21.70% 1.00% 79.40% 1 30 4993 522727 199.6 5219.5 3239 17846.0
chry 309 391 82 477 944510 73636 4613013 15707136 6.00% 0.50% 29.40% 2 64 2337 26978 188.3 3056.7 2654 4300.0
Total 199282 226677 27406 8.27 902617557 4072469800286616 2572715870
Table 2.3

Summary ofM.musculus Genome data by Chromosome.
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Average

#of #of Chr size Length/Chr Length/Chr Length/Chr Shortes! Longes! Length Stand deviatior
Chr # #introns exons CDS Exon/CDS Intron Exon Intergenic (I locus bp' size Intron  size Exor size Igc Exon Intron Exon Intron  Exon Intron Exon Intron
1 11295 12835 1540 8.33 30012876 2263396  349202080571795 42.50% 3.20% 49.50% 1 30 6870 846156 17@657.2 2725 13293.6
2 10574 12078 1508 8.01 26684330 2122008 297953631873085 43.10% 3.40% 48.20% 1 30 6894 736842 172521.1 264.2 9796.4
3 10632 12328 1706 7.23 28984342 2244250 386103947158h95 37.60% 2.90% 50.00% 1 30 6081 469269 18R725.6 287.7 9700.0
4 6902 7907 1005 7.87 17173929 1454281 25978304 38412 36.40% 3.10% 55.00% 1 30 6166 214921 183.988.34 293.5 7759.7
5 12868 14601 1734 8.42 35274271 2396000 393578504631280 41.70% 2.80% 46.50% 1 30 7791 496139 1642741.2 235.6 9428.4
6 10934 12368 1434 8.62 28005773 2053869 3223308995348119 40.30% 3.00% 46.40% 1 30 9078 635566 16@861.3 263.7 11323.3
7 11658 13413 1755 7.64 35112201 2357146 407030977668671 40.10% 2.70% 46.40% 1 30 8352 862314 178011.9 283.1 15142.0
8 10756 12255 1499 8.18 30785335 2005024  309513276781601 46.10% 3.00% 46.30% 1 31 5214 483431 162862.2 222.1 11058.1
9 8184 9256 1072 8.63 23296445 1619321 28179428 00BBA 41.80% 2.90% 50.60% 1 32 11961 631298 174.846.8 309.7 11377.8
10 8005 9181 1176 7.81 23375534 1694211 23949030 055995 43.20% 3.10% 44.30% 1 30 6325 491652 184.820.2 305.3 11493.8
11 6743 7766 1023 7.59 22716453 1356578 25628807 330880 43.40% 2.60% 49.00% 1 30 9849 613910 174.368.89 2829 13313.8
12 8975 10229 1256 8.14 23407452 1736361  265345358699%258 39.90% 3.00% 45.20% 1 30 8979 934518 162607.3 249.1 12517.6
13 9263 10504 1241 8.46 27158406 1812318  288011144241675 42.30% 2.80% 44.80% 1 32 6852 326631 1728319 277.1 8967.0
14 9127 10695 1568 6.82 29497055 2140745 492356861695635 32.20% 2.30% 53.70% 1 30 10026 760951 203231.8 348.2 12156.9
15 8521 9748 1227 7.94 23330659 1755646 26585490 197518 40.80% 3.10% 46.50% 1 30 6810 311339 180.138.2 281.0 8880.3
16 9225 10633 1408 7.55 27482205 1840949  311586105471647 42.00% 2.80% 47.60% 1 30 4985 467174 172979.1 2443 10282.7
17 9247 10482 1235 8.49 26187428 1884080  282289863392620 41.30% 3.00% 44.50% 1 34 8852 414647 172832.0 296.1 9471.8
18 7331 8347 1016 8.22 23123834 1463460 24620266 745833 38.70% 2.40% 41.20% 1 30 8455 241507 175.854.3 258.7 9828.4
19 6765 7798 1033 7.55 19569802 1451910 26804916 704904 37.80% 2.80% 51.80% 1 30 11853 246811 18@292.8 381.2 8426.2
20 9800 11143 1343 8.30 25666395 2021473 306894503637807 40.30% 3.20% 48.20% 1 30 6963 291483 18P@19.0 280.6 6984.8
21 8132 9386 1254 7.48 23078615 1593198 25328269 239G7 41.00% 2.80% 45.00% 1 30 11253 821466 162838.0 280.3 12669.1
22 8268 9574 1306 7.33 17504978 1720716 22659343 736866 36.70% 3.60% 47.50% 1 1 6985 177653 179.717.21 257.4 5623.1
23 7931 9014 1083 8.32 19882775 1504980 24733607 198897 37.40% 2.82% 46.50% 2 30 4470 272813 167.807.0 2234 7129.1
24 5649 6479 831 7.80 19174928 1081636 23632653 684@9 41.60% 2.30% 51.30% 3 32 6096 672677 166.994.833 246.3 16910.9
25 6264 7229 966 7.48 16388590 1177094 18783935 99%4@D 40.70% 2.90% 46.60% 1 33 10288 885678 162.815.8 261.0 13358.6
Total 223049 255249 32219 7.92 622874611 447506588108757 1546869623

Table 2.4

Summary oD.rerio Genome data by Chromosome.
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Average Stand
Chr size Shortest Longest Length deviation
# of # of (O locus  Length/Chr  Length/Chr  Length/Chr

Chr# #introns  exons CDS Exon/CDS Intron Exon Intergenic bp) size Intron  size Exor size Igc Exon Intron Exon Intron Exon Intron Exon Intron
1 19356 22684 3328 6.82 7604686 4890615 6279384 72488 50.50% 32.40% 41.70% 1 31 11688 21230 215.82.93 282.2 883.2
2 19707 23677 3970 5.96 5947973 5062329 7127653 7933 38.90% 33.10% 46.60% 1 32 8069 20124 213.81.830223.5 764.3
3 17382 20551 3169 6.49 6525148 4429992 5840805 838317 47.30% 32.10% 42.40% 1 36 7204 20573 215.65.437235.7 793.8
4 19286 22994 3708 6.20 6525745 4724712 9060154 93rBS 37.30% 27.00% 51.80% 1 31 14975 20948 205.88.43 241.0 719.8
5 25235 30628 5393 5.68 6563505 6609597 10004911 922233 31.40% 31.60% 47.80% 2 34 12217 15573 21%60.1 283.7 559.4
X 21798 25074 3276 7.65 6119301 4482627 9998044 18851 34.50% 25.30% 56.40% 2 30 10633 20393 178.80.72 199.6 689.0
Total 122764 145608 22844 6.30 39286358 30199872310851 100269917

Table 2.5

Summary ofC.elegans Genome data by Chromosome.

Chr size Shortest Longest Average Length Stand deviation
# (C locus

Chr# #introns exons # CDS #Exon/CDS Intron Exon Intergenic bp) Intron Exon Intergenic Exon Intron Exon Intron Exon Intron Exon Intron
2 27941 35607 7666 4.64 27112353 13218797  274492644158252 61.4%  29.9% 62.2% 1 1 27708 108407 371.270.39 524.7 3693.0
3 29236 37870 8641 4.38 31344361 14271662  676251162448610 59.8%  27.2% 128.9% 1 32 27591 132737 3761072.1 513.8 4594.2
4 1665 1885 220 8.36 1602054 642123 607067 135185718.5% 47.5% 44.9% 2 47 9471 20173 340.6 962.2 26451968.7
X 10736 13974 3238 4.32 11063783 5702107 146072302422827 49.3%  25.4% 65.1% 1 11 14581 113165 408.030.5% 566.1 4080.3
Total 69578 89336 19765 4.5 71122551 33834689 BAPB 120381546

Table 2.6

Summary oD. Melanogaster Genome data by Chromosome.
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2.3 Result and Discussion
The distributions for the number of CDS, the ex@amsl introns and correlations

between them are presented for the genomeksapiens, P.troglodytes, M.musculus,

D.rerio, C.elegans andD.melanogaster (Table 2.1 to 2.6).

Deutsch et al., reported that on average a human gene contairaeris @er gene and a
mouse gene contains on average 4.4 exons per Deages¢h and Long, 1999). This
analysis was performed using GenBank data. Thergerdata is non-redundant and
circumvents the technical challenge in data purgtaylier, we investigated on the
exon-intron distribution profiles for the intront@ining genes in the human and
mouse genomes (Sakharlaral., 2004; Sakharkaret al, 2005). However, recently
databases have evolved both in content and sizegdand the genome sequence for
several eukaryotic genomes is now available. Tistridutions for the number of
genes against the number of exons$lisapiens, P.troglodytes, M.musculus, D.rerio,

C.elegans andD.melanogaster chromosomes are presented [Figure 2.1].

2.3.1 Chromosome Size and Archtecture

The largest number of bases sequencedotus size) is for chromosome 1 and
chromosome 2 and smallest is for chromosome M.isapiens; the largest number of
bases sequencel (ocus size) is for chromosome 1 and smallestricfwomosome
Y in P.troglodytes, the largest number of bases sequencedotus size) is for
chromosome 1 and smallest is for chromosome M.musculus; The largest number
of bases sequenceq (locus size) is for chromosome 14 and smallestois f

chromosome 25 iD. rerio; The largest number of bases sequengetb§us size) is
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for chromosome 5 and smallest is for chromosoma G.élegans, and the largest
number of bases sequenced lbcus size) is for chromosome 3 and smallest iis fo

chromosome 4 iD.melanogaster.

2.3.2 Genes and Gene Density

Chromosome 1 (3426) has the largest number of QidlSchromosome Y (153) has
the smallest number of CDS iH.sapiens and in P. troglodytes (148) (5379),
chromosome 7 (2409) has the largest number of GldShromosome Y (82) has the
smallest number of CDS iM.musculus, Chromosome number 7 (1755) has the
largest number of CDS and chromosome 24 (831)tHeasmallest number of CDS in
D.rerio, Chromosome number 5 (5393) has the largest nunobe€DS and
chromosome 3 (3169) has the smallest number of @DE.elegans and
Chromosome number 3 has the largest number of ¢8@&!1) and chromosome 4

(220) has the smallest number of CD®irmelanogaster.

The gene density (genes/Mb) is lowest for chromasdid (5.48) and highest for
chromosome 19 (33.49) iH. sapiens,; the gene density (genes/Mb) is lowest for
chromosome Y (6.30) and highest for chromosome4B91() inP. troglodytes; the
gene density (genes/Mb) is lowest for chromosome(5¥22) and highest for
chromosome 7 (17.04) iM.musculus, the gene density (genes/Mb) is lowest for
chromosome 18 (17.00) and highest for chromosom@235) inD.rerio; the gene
density (genes/Mb) is lowest for chromosome X (&8%and highest for chromosome
2 (259.82) inC.elegans; and the gene density (genes/Mb) is lowest foormimsome X
(144.40) and highest for chromosome 2 (173.60PDinmelanogaster. Overall it

appears that gene density is lowest Nbrmusculus (10.65), and increases frokh
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sapiens (11.47),P.troglodytes (17.36),D. rerio (20.82),D. melanogaster (164.18),C.

elegans (227.82).
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Figure 2.1

Distribution # of genes against # of exons forghegenomes.
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2.3.3 Exons and Intron Distribution

Exonic DNA occupies ~1.65% of genome spaceHn sapiens, ~2.56% in P.
troglodytes; ~1.58% inM.musculus, ~2.89% inD.rerio and ~30.12% iiC.elegans and
~28.11% inD. melanogaster genome. Introns and intergenic DNA occupy the
remaining of the genome space, ~45.20%, ~66.65%;1280, ~61.35%; ~35.08,
~69.98; ~40.27, ~47.72; ~39.18%, ~48.18%; and -839,0-91.62% in Hsapiens, P.
troglodytes, M.musculus, D.rerio, C.elegans and D. melanogaster, respectively
[Figure 2.2]. It must be noted that the total extse400%, this may be due to re-
sequencing segments in consecutive locus regiahsay also be due to the presence
of overlapping genes in eukaryotic genomes. Nomhessethe data supports previous

observations and the fact that only a fractionukagyotic genome is coding.

It is observed that the average number of exonsgpee (CDS) range from 5.99
(Chromosome Y) to 9.66 (Chromosome 2)Hnsapiens, 5.26 (Chromosome X) to
11.53 (Chromosome 2b) irP. troglodytes, 4.77 (Chromosome Y) to 9.71
(Chromosome 15) iM.musculus, 6.82 (Chromosome 14) to 8.63 (Chromosome 9) in
D. rerio; 5.67 (Chromosome 5) to 7.68 (Chromosome XJ.ielegans and 4.32 (X) to
8.36 (Chromosome 4) iD. melanogaster genome. The average number of exons in
the genome is 8.5/gene id. sapiens, 9.3/gene inP. troglodytes, 8.27/gene in
M.musculus, 7.92/gene inD.rerio; 6.3/gene inC.elegans and 4.5/gene inD.
melanogaster [Table 2.1 — 2.6]. 80% of the genes had less tfaaxbns in all the six
genomes under investigation [Figure 2.2]. In gelngra maximum number of exons
and introns are found on chromosomes with maximumlbrer of CDS. These results
also support the fact that longer proteins in gainare encoded by genes with more

number of exons that is they are more split.
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Percentage of total Intron, Exon and Intergenic length
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Figure 2.2
Exon, Intron and Intergenic DNA distribution in %rfthe six genomes
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2.3.4 Exon and Intron Length Distribution

Ever since the discovery of introns, there has betamse debate about their origins,
stability, and adaptive significance. The resuttevg that exon length are distributed
much more tightly than introns for all the six geres under investigation [Table 2.1-
Table 2.6, Figure 2.3, Figure 2.4, Figure 2.5, Feg@.6]. This implies that exons
lengths are limited to a shorter range than intlength. These results are consistent
with previous observations for eukaryotic genomeerit et al., 1990;Long €t al.,
1995; Sakharkaet al., 2005). It is interesting to see that exon leng#wmskpat 101-150
bp for H sapiens, P. troglodytes, M.musculus, D. rerio, C. elegans and D.
melanogaster [Figure 2.3 and Figure 2.5]. These results suggest similar genome
organizations in these genomes at the gene steulgtuel. As expected such patterns
are not observed for intergenic DNA suggestingdsser constraints on these regions
and their hyper-variability. These results furtlseiggest that eukaryotic (vertebrate
and invertebrate) genomes possess lower ordergathymiganizations and have fine-
scale architectures in addition to the higher orgéysical organizations like

centromeres and distinct heterochromatic and euwdtio regions.
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H. sapiens exon length distribution in % ages P. trogolodytes exon length distribution in % ages
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Exon length distribution in % for the six genomes
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H. sapiens intron length distribution in % ages

P. trogolodytes intron length distribution in % ages
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Figure 2.4

Intron length distribution in % for the six genomes
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Average exon and intron length is 169 bp and 523dlbh sapiens; 158 bp and 5535
bp in P. troglodytes;, 180 bp and 4529 bp iN.musculus, 175 bp and 2793 bp in
D.rerio; 207 bp and 320 bp i@. elegans and 379 bp and 1022 bp [h melanogaster
genome. These data support the above observatolength constraints in exons and
introns. These data are also supported by thethattthe standard deviations about
the mean exon length are lesser than the standafdtidns about the mean intron
length. The greater standard deviations about tBannintron lengths suggests for
their being under lesser selection pressures megult the tendency of large-scale

changes which is reflected in their length disttits.

It is interesting to see that although, an intran be thousands of base pairs in size,
long introns make up only a small proportion ofatahtrons in the genome [Table
2.7]. Less than 5.5% of introns are >20,000 bglitha six organisms. Also, less than
1% of introns are <20bp in length in all the sibngmes [Figure 2.4 and Figure 2.6].
These results suggest constraints on the splicichimery to splice out very long or
very short introns. More than 1/3rd of the genethmtwo invertebrate genomes. (
elegans andD. melanogaster) have introns of length <500bp. These data sugpeast
C. elegans andD. melanogaster, the two invertebrates, do not contain long insrand
<5% of introns in these genomes are >5000 bp (<@PoCt elegans). These data
support earlier reports, suggesting that shorongrin Drosophila melanogaster and
Caenorhabditis elegans contain essentially alhefibformation for their recognition
by the splicing machinery, and computer progranas fimulate splicing specificity

can predict the exact boundaries<66% of short introns in both organisms.
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Length in bp % of introns in the organism
H.sapiens P.troglodytes M.musculus D.rerio C.elegans D.melanogaster

0 - 500 bp 25.80% 23.42% 26.63% 41.39%  82.51% 78.65

> 5000 bp 19.60% 21.61% 16.37% 10.72% 0.44% 0.12%

> 10000 bp 10.19% 11.01 8.14% 4.67% 0.08% 0.02%

> 15000 bp 6.69% 6.69% 5.39% 2.85% 0.02% 0.002%

> 20000 bp 4.97% 5.26% 3.95% 1.98%  0.005% 0.002%
Table 2.7

Intron length distributions along with their pertages

Earlier, it has been argued that, in vitro, fortgbrates, the assembly of ATP-
dependent spliceosomes is inhibited if internalnsxwith strong constitutive splice
sites are internally expanded to greater than 3@0entides (Robbersost al., 1990).
Concurrently, it has been proven that, In vivo,angion of internal exons residing in
vertebrate genes with moderate to large intronstivasphenotypes: activation of
internal cryptic splice sites within the expande&dreto create small exons or skipping
of the entire exon (Berget, 1995). These phenotygesconsistent with splicing-
imposed restriction on exon length. A few long gbrate internal exons exist; the
mechanism whereby such exons bypass restrictiorexon length is unknown. This
suggests that a minimal separation between theesgites might be required to
prevent steric hindrance between the factors thedgnize individual sites (Berget,
1995). Internal deletion of a constitutively recaga internal exon below 50
nucleotides is reported to result in skipping by tim vivo splicing machinery
(Dominski and Kole, 1991). However, increasing #teength of the splice sites is
reported to alleviate problems in recognition, |sjmg that exon size and splice site
strength are additive factors in exon recognitiDorinski and Kole, 1992). Very
small exons have been reported to require specf@reing sequences in addition to
strong splice sites for inclusioBl@ck, 1991; Black, 1992; Sterner and Berget, 1993).

These enhancers are suggested to function as bisdes for splicing factors that
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artificially extend the exon domain during exon agugition. Recently, a strong

relationship between intron length and the prevadesf splice variation is reported.

The total intron length per kb of CDS averages ®@64.68, 968.99, 956.82, 932.97,
565.38, and 677.63 bp fét. sapiens, P. troglodytes; M.musculus; D.rerio; C. elegans
andD. melanogaster, respectively. On the other hand, the numberstodms per CDS
are — 7.53, 8.33, 7.27, 6.92, 5.37, 3.52 Horsapiens, P. troglodytes, M.musculus;
D.rerio; C. elegans and D. melanogaster, respectively. These data suggest tBGat
elegans and D. melanogaster have contrasting intron-exon structur€s. elegans
genes contain more (5.37 introns per CDS), sh@s@5.38 bp each per kb of CDS)
introns, whileD. melanogaster genes have fewer, longer introns (3.52 introns per

CDS, of length 677.63 bp per kb of CDS).
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D. melanogaster exon length distribution
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Intron length distribution in frequency foretsix genomes
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2.3.5 Correlations between Chromosome Size and H&btLength in Exons,
Introns and Intergenic DNA

It is observed that the correlation of total lengthexons (bp) and chromosome size
range from is 0.72, 0.74, 0.74, 0.87, 0.74, 0.9© Ho sapiens, P. troglodytes,
M.musculus; D.rerio; C. elegans andD. melanogaster, respectively. The correlations
between intron length and chromosome size are 0.96, 0.89, 0.92, -0.16, 0.99 for
these genomes. The correlation between intergeNé& &nd chromosome size is
0.99, 0.97, 0.99, 0.96, 0.91, and 0.89 for thesmges.C.elegans also has the least

number of intronless genes [Table 2.8].

Caenorhabditis elegans and Drosophila, normally oohtain short introns. Average
intron lengths in these organisms is 1000 and @D8aperately. However, these two
species have almost opposite intron-exon structudessophila genes have fewer,
longer introns (2.7 introns per kb of CDS, 564 mict®; on the other hand
Caenorhabditis elegans genes have more (4.0 inp@nkb of CDS), shorter (467 nt

each) introns.

These results for suggest that in all the six geemnfor larger chromosomes more
regions are covered in introns and intergenic DN#&ept in C. elegans. These
observations indicate on the important role of ang and intergenic DNA in
chromatin structure and chromosome architectureésintrons and intergenic DNA
account for major component of the determined closome size (Ventett al., 2001;
Lander et al., 2001). Lengyel and Penman showed that the size N’

(heterogeneous nuclear RNA), but not mature mRMA&reiases with genome size in
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dipterans. This observation, dated before the desgoof the intervening sequences or
introns in 1977, was the first indication of a pivs relationship between genome size
and total intron length (Lengyel and Penman, 19V¥8¢ also observed a positive
correlation of,r = 0.98 for humany = 0.98 for mouse, r=0.98 for chimpanzee and
r=0.88 for zebra fish, 0.048 f&@.elegans and 0.99 foD. melanogaster between total

length in introns (bp) and total length in exong)(b

Correlation Chr size Exon Intron IGD
H.sapiens
Exon 0.72 X X X
Intron 0.96 0.81 X X
IGD 0.99 X X X
P.troglodytes
Exor 0.74 X X X
Intron 0.¢ 0.84 X X
IGD 0.97 X X X
M.musculus
Exon 0.74 X X X
Intron 0.89 0.81 X X
IGD 0.99 X X X
D.rerio
Exon 0.87 X X X
Intron 0.92 0.88 X X
IGD 0.96 X X X
C.elegans
Exon 0.75 X X X
Intron -0.16 0.048 X X
IGD 0.91 X X X
D.melangaster
Exon 0.99 X X X
Intron 0.9¢ 0.997 X X
IGD 0.8¢ X X X
Table 2.8

Correlation values of intron, exon, igd size aghiosromosome size as well as
correlation of intron size against exon size, fa $ix genomes.

These data hint that the proportions of the genmpessented in exon and in intron
are correlated in all the genomes (exc€ptelegans) and that perhaps the spatial

requirement for regulatory DNA shaped the densitygenes in these genomes. A
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positive relationship between introns and genorme bBas now been established for
many eukaryotes (Hughes and Hughes, 1995; Moriyainah., 1998; Deutsch and
Long, 1999; Vinogradov, 1999). In all cases, howetlee differences in intron size
alone cannot fully account for the differences ucleromatic genome size, indicating
that a single class of non-coding DNA does notlgasxplain the differences in
genome size. Our results imply that variation imaee size among organisms is
usually associated to congruent changes acrosrditf classes of non-coding DNA
(e. g. introns and intergenic regions) uniformlyass the genome and propose a
causal contribution by exons on each chromosongemome design and architecture.
These results confirm that not only the genome ramgdion is similar in all the six
genomes, but it is also non-random and is shapedohtent in exons, introns and

intergenic regions.

2.4 Summary

The result of the intron and exon length distribntianalysis for all six eukaryotic

genomes shows that the exon length are distributae tightly than the intron length

in general, which implies that, for eukaryotic gemes, coding regions are under more
strict selection rules than non coding regions rurihe evolutionary process. The
pattern of intron length distribution shows thaé timtron length has a larger scale
change compared with the exon length but few irstrare found to be very shot or
very long, which means that even though intronasunder the selection pressure as
high as exon, its length is still limited by thenstraints of splicing machinery to

splice out very long or very shot introns. The etation study shows the proportions
of the genome represented in exon and in introncareelated in all the genomes

(exceptC. elegans). The common characteristics of intron, exon landjstribution
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and correlation for the 6 eukaryotic genomes, mleuneaningful understanding of
eukaryotic genome architecture design, which hdtpsnew eukaryotic genome
structure prediction in future. Since this reseaschnly conducted on six eukaryotic
genomes, future similar studies can be performett wewer eukaryotic genomes
being completely sequenced in NCBI, so that a deegpel broader insight of
eukaryotic genomes evolutionary process can besaeti With a larger number of
eukaryotic genomes available, enough samples carolbected such that statistical

and hypothesis tests can be conducted to prove vasabeen found.
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CHAPTER 3 CHARACTERISTICS OF TARGETS WITH FDA

APPROVED DRUGS

3.1 Background

Accumulated knowledge of genomic information, sgsebiology, and disease
mechanisms provide an unprecedented opportuniglucidate the genetic basis of
diseases, and to discover new and novel therapéariets from the wealth of
genomic data. With hundreds to a few thousand piatetargets available in the
human genome alone, target selection and valida@gsnbecome a critical component
of drug discovery process. The explorations on ttaive characteristics of the
currently explored targets (those without any mes#tedrug) and successful targets
(targeted by at least one marketed drug) could tiislpgern simple rules for selecting a
putative successful target. Here we use integraiivesilico (computational)
approaches to quantitatively analyze the charatiesi of 133 targets with FDA
approved drugs and 3120 human disease genes @héapargets) not targeted by
FDA approved drugs. This is the first attempt tonparatively analyze targets with
FDA approved drugs and targets with no FDA apprailred) or no drugs available for
them. Our results show that proteins with 5 or fewembers of homologs outside
their own family, proteins with single-exon genehatecture and proteins interacting
with more than 3 partners are more likely to begdtable. These quantitative

characteristics could serve as criteria to seascpriomising targetable disease genes.

The genomics revolution and advances in diseaséanems and systems biology
has provided a deluge of new potential targetsdimg discovery (Loginget al.,

2007). Technological advances continue to be araemriving force in the
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acceleration of the drug discovery process. Hightthhput gene sequencing has
revolutionized the process used to identify nowbeéts. Thousands of new gene
sequences have been generated but only a limitedberuof these can be converted
into validated targets likely to be involved in eise. The increased number of
potential targets and the decreased amount ofnirebon is generating a bottleneck in

the target validation process (Ofratral., 2006).

Several new and improved methods (Zhendl., 2006), and integrated and systems-
based approaches (Lindsay, 2005; Sams-Dodd, 208&jyHand Peet, 2004), are
being explored for identifying targets and druggaploteins. The commonly used
computational methods have primarily been basetherdetection of sequence and
functional similarity to known target$ippkins and Groom, 2002; Wang et al.,2004],
drug-binding domain family affiliation Kramer, 2004; Wang et al., 2004], and
structural analysis of geometric and energeticurest (Hajdulet al., 2004; Hajduket
al., 2005). These methods are less effective in findargets that exhibit no or low
homology to known targets, disease proteins andeim® with available 3D
structures. As such non-homologous and structuraiknown proteins constitute a
substantial percentage, ~20-100%, of the open mgattames in many of the
completed genomes and therefore, they are an wdaggurce of novel drug targets
(Hanet al., 2004). Hence, methods independent of sequenceuaistidnal similarity,

and structural availability, are highly desirable.

Han et al. described on the use of Support Vectactvhe (SVM) algorithms and
their potential applications for facilitating thesdovery of innovative targets and

reported that the prediction accuracy for non-dalog proteins is better than that of
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druggable proteins. This probably results fromin@re diverse set of non-druggable
proteins compared with that of druggable proteém&bling SVMs to better recognize
non-druggable proteins (Zheegal., 2006). Recently, Sakharkar et al. reported on the
use of integrative analyses approaches and higatighn the utility of large genomic
databases for in silico (computational) systemdtieg target identification in the
post-genomic era (Sakharketral., 2007). However, the two main bottlenecks in drug
discovery and development are in identifying whpriotein targets may respond to
drugs and which targets are relevant in diseass,Ahere are a number of critical
issues that must be considered as strategies aedoged to elucidate the inherited
determinants of targetability of a disease protkiright of the above, there is a need
to identify and quantify the characteristics of eoercially available therapeutic
targets, particularly with respect to those of tlom-targeted disease proteins. Here,
we quantitatively analyze the characteristics & #8rapeutic targets (human disease
genes) of FDA approved drugs and compare them thitse of 3120 therapeutic
targets that have no-FDA approved drugs or no davgdable for them. The possible

common features of these targets are presentediscussed.

3.2 Method

The human disease genes list was downloaded frenGéneCards database (Safran
et al.,, 2002). GeneCards is an automated and integratedbais of human genes,
genomic maps, proteins, and diseases. 3253 genmesdeatified that are reported to
be involved in human diseases (Dataset-1). We niigrerracted the drugs available
for the disease genes from the DrugBank databasegBank is a unique
computational/cheminformatics resource that conidetailed drug (i.e. chemical)
data with comprehensive drug target (i.e. prot@gfiyrmation. DrugBank combines

the strengths of, PharmGKB, PubChem and Swiss-®rotreate a single, fully
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searchable in silico drug resource that links segeestructure and mechanistic data
about drug molecules (including biotech drugs) wibquence, structure and

mechanistic data about their drug targets (Wisktatt, 2006).

Information on protein-protein interaction data wesm Biogrid database (Stast
al., 2006). This information could be derived for 155dedse gene products; Tissues
in which the genes are expressed from TissueDigtoibDB (http://genome.dkfz-
heidelberg.de/menul/tissue_db/index.html), levais$ue distribution data. A target is
assumed to be primarily distributed in a tissueafless than 8% of the total protein
contents are distributed in that tissue. This im@tion could be derived for 1924
therapetic targets; Pathways in which the diseas®e goroducts are involved is
derived from the SwissProt knowledgebase (Boeckmenal., 2003). Pathway
information could be derived for 1159 therapeutacgets. We further performed
Protein family assignments using SwissProt to tfeegins for the disease genes and
their BLASTP homologs (at a cutoff value of 0.00Binn et al., 2006). 2276
therapeutic targets (human disease gene productsdl de assigned to a protein
family. Further categorization of homologs was parfed to identify the number of
unique protein families a protein was homologous@ene architecture information
pertaining to the number of exons was extracteanfiloCDS (Consensus CDS)
database. This information could be extracted f0872disease genes. We further
divided the 3253 human disease genes (therapangets) into two datasets one with
FDA approved drugs (FDA) and the other set withFi@A approved drugs or no
drugs available for them (here on referred to asFDA’). Statistical analyses were
performed as described below to provide clues ¢odifferences in the properties for

disease genes with FDA approved drugs and disearsesgwvith no-FDA approved

57



drugs [Table 3.2]. A test of determining the coafide interval for the difference of
population proportions was performed on these tets o check for differences at
95% confidence level, whereby: x is the numberrotgins/genes with FDA approved
drugs within the cut-off region (for example patlywe=1). m is the total number of
genes (both FDA and no-FDA) within the cut-off @i y is the number of genes
with FDA approved outside the cut-off region (foaeple pathway >1). n is the total
number of genes (both FDA and no-FDA) outside theoff region. P1=x/m; and

P2=y/n For 95% confidence level: Z=1.96; Then tamgling error E is given by The
upper and lower limits of a 95% confidence interfieal P1- P2 are between x/m - y/n

-E and x/m - y/n +E

B J"l*il—sz}+fg*{|—fg}
o m K

Note: This formula is based on the following

assumptions:

1. The population proportions P1 and P2 are notkoge to O or 1.

2. Two random samples are taken, one for each ptpn] and the two samples are
independent.

3. Sample sizes m and n are large.

The results of our analyses are presented.

3.3 Result

3.3.1 Mapping Drugs to Targets

The mapping of FDA approved drugs to genes involuadiseases (targets) identified
133 unique targets with 289 distinct (non-duplig@&BA approved drugs [Table 3.1].
These results clearly suggest that one target rmag multiple drugs that are reported
as binding to it. An analyses on targets availdbieno-FDA approved drugs shows

that, there are 385 disease genes targeted by i68Actl no-FDA approved drugs
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(investigational agents). It should be noted tregelnl on data available in Drugbank

2735 disease genes are not targeted by any dingestigational agent [Table 3.1].

Characteristic Genes with drugs # of Drugs
FDA approved 133 289
Not-FDA approved 385 684
No drugs 2735 0
Total 3253

Table 3.1

Number of targets with and without drugs

3.3.2 Mapping Targets to Pathways, and Tissue Infmation

The mapping of targets with FDA approved drugs tangets with no-FDA approved
drugs onto SwissProt knowledgebase and TissueDB pemformed, to extract
information on the number of pathways a targetilved in and the number of
tissues a target is expressed. The distributiogpatfiway frequency for percentage of
targets with FDA drugs and proteins with no-FDA gkuand number of tissues a
target is expressed in, is shown in Figure 3.1Figdre 3.2, respectively. Our results
shows that, the targets with FDA approved drugstamgets with no-FDA approved
drugs, when compared, show no significant biahienrtumber of pathways involved
and the number of tissues a target is expressedalge = 0.05, implies 95%

confidence level) [Table 3.2].
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Figure 3.1
Distribution of pathway frequency for percentagetafgets with FDA drugs and
proteins with noFDA drugs. The number of pathwag/shown along X axis and Y
axis represents the % of genes involved in dise@aegets) with FDA approved drugs
and noFDA approved drugs. It is interesting to the¢ more than 40% of targets are
involved in only 1 pathway.
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Figure 3.2
Distribution of number of tissues a target is espegl in for percentage of targets with
FDA drugs and targets with noFDA approved drugs.
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Patway | paltway =2 62| 803| 35| 356 | 00772105 | 0.092607 | 0.0353%3 | 00508102 | <pl-pe | 00198489 | o diflrence

Pathway pathway =3 7| 843 18| 216 | 0.0816543 | 0.083333 | 0040793 | -0.0424721 | <pl-pl< 0.039114 | no difference
Pathway pathway =4 79 | 1006 16 | 183 | 00785288 | 0.104575 | 0051259 | -00773052 | <pl-p2< 0.0252125 | no difference
Tissue lissue =2 2 43 | 114 | 1881 | 0.0465116 | 0.060606 | 0063862 | -0.0779562 | <pl-p2< | 0.0497674 | nodifference
Tissue tissue =3 3 93| 113 | 1831 | 00322581 | 0.061715 | 0.037563 | -0.0670202 | <pl-p2< | 0.0081066 | mo difference
Tissue | fissue =4 8| 201| 108 1723 | 0039801 | 0.062681 | 002035 | -00522302 | <pl-p2< | 0.00646% | o difference
PRI ppi =3 38| 759 61| 795 | 0.0500659 | 007673 | 0024146 | 00508099 | <pi-p2< | -0.0025175 | Opposite

PRI ppi =4 43| B89 | 56| A5 | 0.048369 | 0.084211 | 0025385 | -0.0812288 | <pl-p2¢ | -0.0104563 | Opposite

Plam pfamhomologus =5 | 123 | 1869 | 10 | 407 | 0.0658106 | 0.02457 | 0.018777 | 002246343 | <pi-p2< | 0.0600177 | Sionificant

Plam plamhomologus=6. | 124 | 1919 | 9| 357 | 0064617 | 002521 | 0019633 | 001977433 | <pt-p2< | 00590395 | Significant
Plam plamhomologus=7 | 124 | 1947 | 8| 329 | 0.0836877 | 0.0273% | 0.020896 | 00156357 | <pl-p2< | 00570285 | Sianificant
Exon ftexon =1 14| 104 | 108 | 1983 | 01346154 | 0.054463 | 0086354 | 001378829 | <ptp2< | (0.1465086 | Significant
Bon | #exn=2 19| 28| 105 ] 1869 | 0087156 | 005811 [ 0038846 | 00088 | <ptp< | 00708926 | nodifersnce
Exon Hexon =3 26| 39| 96| 1738 | 0.0744986 | 0055236 | 0029588 | 00103058 | <pl-p2< | 0.0488311 | nodiflerence
Note For 85% confidence leval 2; =196

Table 3.2

Statistical analyses on significance of charadiessn targets with FDA and targets
with noFDA drugs. This table shows that targetdiwingle exonic gene architectures
and more than 3 interacting partners are signifigamore likely to have an FDA
approved drug. Targets with >5 homologs outsiddr tbevn protein family are
significant less likely to have an FDA approvedgiru

3.3.3 Mapping of Pathways to Homologs, Protein-Ptein Interaction Data and
Gene Architecture Information

Pfam assignments were performed for targets witl Elpproved, and targets with
no-FDA approved drugs. A distribution of homologstside the target’s protein
family for percentage targets with FDA drugs andhets with no-FDA drugs is
shown in Figure 3.3. We observe that ~60% of targeth FDA approved drugs have
no homologs outside their own Pfam family. Ouristatal calculation confirms that
targets having: 5 BLAST homologs outside its own Pfam family (ateaxvalue cutoff
of 0.001) are more likely (p value=0.05) to be &adple (i.e. have FDA approved
drugs available for them) than targets proteinsrita¥5 BLAST homologs outside its
own Pfam family [Table 1.2]. Mapping of targets @CDS database shows that
targets with single exon gene architectures areentikely to have FDA approved

drugs available for them than targets with muliexgene architecture (p value =
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0.05). Distribution for exon numbers for percentajedisease genes (targets) with
FDA approved drugs and with no-FDA approved drugsshown in Figure 3.4.
Statistical analysis confirms that single exon geaee more likely to have FDA
approved drugs (p value = 0.05). Statistical amsysn protein-protein interaction
information from Biogrid database reveals that ¢éésgnteracting with more than 3
partners are more likely to be targetable thangmstthat do not interact with other
proteins or interact with 3 or less number of parsn[Table 3.2]. Distribution of
Interacting partners for percentage of targets WRDA approved drugs and

percentage of targets with no-FDA drugs is showfigure 3.5.

70% -
m Mo FDA,
0% 4 BFDA

S0% o
4%

30% 4

% of genes

20% 4

10%
o] .IH‘.I:..IJ.. e ———

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17T 18 19 20 21 22 23 24 25 26 27 28 29 30 >0

# of unique pfam
Figure 3.3
Distribution of homologs outside the target's pnotéamily for percentage targets
with FDA drugs and targets with noFDA drugs. Tasgefith less than 5 homlogs
outside their own protein family are more likely tmve FDA approved drugs
available for them (p value =0.05).
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Figure 3.4
Distribution for exon numbers for percentage ofedse genes (targets) with FDA
approved drugs and with noFDA approved drugs. Targéth single exonic gene
architectures are more likely to have FDA approgadys available for them (p value
= 0.05).
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Figure 3.5
Distribution of Interacting partners for percentageargets with FDA approved drugs
and percentage of targets with noFDA drugs.

3.4  Discussion

It is well established that incorrect target setectaccounts for the failures of some
drug candidates. Experience from the biopharmacautindustry indicates that
currently only 5% of newly explored targets eveflljudead to FDA-approved

products (Caskey, 2007). Thus, innovative approathédentify a “promising” target
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are highly helpful in boosting productivity. Despiihe clear need for better therapies
for several disorders, novel drugs — particulathypse that could revolutionize
treatment — have been rare in recent years. Funtbrer, biological complexity can
often reveal unexpected and untoward effects abuartreatment regimens (Mulder
et al., 1994; Nissen and Wolski, 2007). However, the phaeutical industry must
provide innovative medications to treat diseasethk quest to find pharmacologic
treatments for human diseases, many targets azersm, but in silico identification
of efficacy remains essential towards shortenirghth from target identification to
verification of its efficacy as a target. Once & sk candidate proteins have been
identified, suitability of a target for small-molde or biological drug design is a key
decision making criterion. The vast varieties o§ilico resources that are available in
life sciences research hold much promise towardisgithe drug discovery process.
Here, we perform quantitative analyses to discemdalient features of the targets
with FDA approved drugs. The principles learnedrfrthis exercise would serve as
technical guidelines for better choices for thenideation of putative successful

targets leading to cost and time savings.

3.4.1 Pathway Affiliation

Collective actions of protein pathways are resgaador regulating disease processes
and for response to drug actions. Therefore, thienéxand specificity of target
affiliation of pathways is likely to have statistlty significant impact on drug actions
(Zheng et al., 2006). In both therapeutic targets with FDA appobwirugs and
therapeutic targets no-FDA categories the numbeprofeins decreases with an
increase in the number of pathways [Figure 3.1]s Data suggests that involvement
of a single protein in multiple pathways is notrafprred situation in a cell as this

may lead to greater interference of a protein lategl/non-related pathways and may
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be a reason or cause for cross-reactivity. Commauid therapeutic targets with FDA
approved drugs and targets in no-FDA category (Dé Rpproved drugs or targets
with no drugs available) suggests that the numbpathways a protein is involved in

does not appear to be a factor determining itsesscas a target.

3.4.2 Number of Tissues

Although, highly selective tissue expression of ragdtarget, is attractive, as the
potential for unwanted side effects may be morgriotsd, many effective drugs have
been developed against targets that are widelyesgpd in the body (e.g. the
angiotensin converting enzyme). Our analyses shbatsas of today, based on targets
with FDA approved drugs, the number of tissuesreeds expressed in does not affect
the targetability of the protein [Table 3.2, Fig8&]. This is also complemented by
the fact that localization of a gene in a partictissue does not necessarily shed light
on all the functions of that gene and at this stagpost-genomic era does not give
sufficient details to infer any information in thirection. Since, in diseased tissue,
gene expression levels often differ from those oleskin normal tissues, with certain
genes being over/under-expressed, or new geneg leipressed or completely
absent. Perhaps the most promising aspect is tf@mation on differential
expression in disease, since, the up or down-régalaf a gene may be the cause or

result of the disease.

3.4.3 Protein Homologs outside Its Own Family

In the present day drug development processes,admgidates have frequently been
intentionally designed to bind to their target spe&lly and to avoid strong
interactions with other human protein members ef same protein family to which

the target belongs (Drews, 1997; Drews, 1997; @mstt al., 2000; Terstappen and
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Reggiani, 2001). However, their possible interadiavith human proteins outside the
family are not intentionally avoided at the desgjage, and the potential unwanted
effects associated with some of these interactaams only be detected at the later
testing stages. Our analysis showed that protemsny more than 5 BLAST
homologs outside its own family are significantBss$ targetable than proteins that
have 5 or less number of homologs outside their éamily (P=0.05) [Table 3.2,
Figure 3.3]. This can be attributed to the fact tiney can accommodate less target
specific drugs that minimally interact with otheatpways. Interactions with more
number of targets may lead to secondary targettsffevhich may lead to cross-
reactivity and unwanted interference. It is notetwpithat only 10 out of 133 targets
with FDA approved drugs have more than 5 homologsside their own protein
family [Table 3.3]. Therefore, it tends to be eas@find successful drugs for those

targets that have fewer human similarity proteintsiole of their family.

Gene #Path #Homo
name way #PPl  #Tissue logs #Exon FDA drugs
ABL1 6 50 5 45 11 Imatinib
EGFR 11 95 9 40 28 Erlotinib***Gefitinib
PDGFRB 9 32 9 39 22 Imatinib
KIT 3 27 6 39 21 Imatinib
NPR1 3 3 18 30 22 Nitroglycerin
LDLR 0 9 6 22 18 Porfimer***Methyl aminolevulinate
F10 1 12 8 19 8 Enoxaparin***Heparin
PLG 2 33 14 11 19 Aminocaproic Acid
F2 3 24 0 11 14 Argatroban***Enoxaparin***Heparin
PCGR1A 1 10 9 6 6 Porfimer***Methyl aminolevulinate
Table 3.3

List of genes with maximum (Top1l0) homologs outsitteir protein family and their
characteristics. PPI=number of protein-protein reatéons or # of interacting partners. #
pathway = number of pathways a target is involvedissue = number of tissues a target is
expressed, # of exons = gene architecture infoomdtr the target. FDA approved drug shows
the list of FDA approved drugs available for theg&d. Targets may have more than one FDA
approved drug available against them. Drugs araragg by ***.
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3.4.4 Exon Number

Data reveals an over-representation of single-exgenes, among genes that have
FDA approved drugs available for them (P=0.05)sTd¢an be explained based on the
fact that single-exon genes do not undergo alteaplicing and hence can be used
as drug targets with less caution (Sakharkaral., 2002). These results also
corroborate with the fact that a major proportioh douggable genes have been
reported as G-protein coupled receptors (GPCR®),aamajor proportion of which
(GPCRSs) have been reported to be single exonict(€eand Karlin, 1999). These
data support the fact that integration of data @negannotation and gene architecture
for genes involved in diseases has the potentiabtdribute to drug discovery and
will be a step towards designing of safe, efficasimnd promising drug targets.
Accurate information on gene architecture and gametation allows us to at least be
informed on the issue of splice variants. Besi@étgrnative splicing information is
also useful at many stages of the drug discoverggss including anti-sense mediated
silencing and RNA interference (RNAI) for knock-dowor down-regulation of
specific genes products or designing of knock-oigenfLevanon and Sorek, 2003). It
must be however, noted that many of the computalliprlerived annotations in the
databases are either minimal or incorrect (aparnfia carefully manually-curated
database such as Swiss-Prot). Also, as annotafigeres is provided by multiple
public resources, using different methods, it rssui information that is similar but
not always identical. However, the database usethighstudy, the CCDS database
overcomes these issues as it is a collaborativetefi identify a core set of human
protein coding regions that are consistently artedtand of high quality [Table 3.2,

Figure 3.4].

67



3.4.5 Number of Interacting Proteins

It is becoming increasingly clear that genes anokgim interactions in complex
biological networks with local and global propesti@nd perturbations of these
networks contribute to the disease state. Undaistgrof interacting proteins is of
importance in cell physiology and for developingvebtreatments against disease.
Small molecules that occlude crucial binding shte(sly be sufficient for modulating
protein interactions that occur over large surfamsa and can thus act as drugs. It is
known that these versatile protein-protein intéoms are central to many key
biological pathways and thus are attractive targetsdrug discovery. Our data
suggests that proteins interacting with more thaa@ners are preferred drug targets
(P=0.05) [Table 3.2, Figure 3.5]. However, for tbdeug discovery process, it is
important to determine the dynamics of interactiangolving proteins having
multiple interacting partners as well as identifyimteraction surfaces for each
partner. Moreover, research to discover small-msé&drugs that target protein-
protein interactions is still at an early stageeTop 10 targets (with FDA approved
drugs) based on number of interaction proteingdisted in Table 1.4. It is noteworthy
that 5 out of these have more than 3 homologsaritsieir own family. These results
hint on the fact that the above described chanatty do not work

collectively/together to determine the successtarget.
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Gene #Path #Tis #Homo

name  way #PPI sue logs #Exon FDA approved drugs
EGFR 11 95 9 40 28 Erlotinib***Gefitinib
AR 0 81 12 2 8 Testosterone***Bicalutamide***Flutée***Oxandrolone

Fulvestrant***Raloxifene***Medroxyprogsterone**Progeste
ne**Estradiol***Ethinyl
ESR1 0 81 11 2 8 Estradiol***Estramustine***Tamoxifen***Conjugated &roger

Hydrocortisone**Methylprednisolone***Budesonide*#ome
asone***Betamethasone***Loteprednol

NR3C1 1 71 4 2 8 Etabonate***Amcinonide***Dexamethaso

BCL1 7 55 4 0 2 Paclitaxel***Docetaxel

ABL1 6 50 5 45 11 Imatinib

Tazarotene***Adapalene***Alitretinoin***|sotretinon***Tretinc
RARA 0 34 0 2 8 in***Acitretin
PLG 2 33 14 11 19 Aminocaproic Acid
PDGFRI 9 32 9 39 22 Imatinib
KIT 3 27 6 39 21 Imatinib

Table 3.4

List of genes with maximum (Top10) interaction pars and their characteristics. PPI=number
of protein-protein interactions or # of interactipgrtners, # pathway = number of pathways a
target is involved, # tissue = number of tissuetarget is expressed, # of exons = gene
architecture information for the target. FDA apmdwdrug shows the list of FDA approved

drugs available for the target. Targets may haveentoan one FDA approved drug available
against them. Drugs are separated by ***.

3.5 Summary

We have to keep in mind that the drug discovery degielopment process is
extremely difficult due to our poor understandinf) ology of the disease and
biology of the host (i.e., Homo sapiens). We ar&intasteady progress, but there is
still a long way to go. Knowledge on characterstaf targets could be helpful for
predicting features and if possible deriving ruflest guide new drug design and the
search for new targets from genomic data. Our aesahhint that proteins with 5 or
fewer homologs outside their own family, proteingwvgsingle-exon gene architectures
and proteins with more than 3 interacting partreges promising targets. For targets

with a higher number of similarity proteins outsitteeir own family, or multiple
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exons or interacting with less than 3 partnerss till possible to find drugs. The
characteristics defined above, merely make thestdsk finding successful drugs
against these targets easier. As of today thesalys1 successful target NPR1 that is
targeted by Nitroglycerin (interacts with 3 pro®ihas 22 exons and has 30 homologs
outside its own protein family) that does not dwtiall the three characteristics
defined above. Moreover, in the FDA list there afe targets with more than 5
homologs outside their own protein family, 72 tasgwith 3 or lesser interacting
partners and 108 targets with multi-exon gene techires. These results suggest that
the above quantitative characteristics selectivetction in a combined, collective

and differential mode and may help define and deter the targetability of a protein.
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CHAPTER 4 DATABASE ON MISMATCHED INTRONS (MIDB)

4.1  What Are Sliding Intron Positions

Sliding intron positions or discordant intron pasits are those that are either closely
located in homologous or orthologous genes or &worrthat is present in one gene
but not in any of its homologues or orthologues. Ndge constructed a database on
discordant intron positions in Human and Mouse. Tata aims at systematically
collecting information about discordant intron pimsis from genome data of these
organisms and organising it into a form useful doderstanding the genomics and
dynamics of introns thereby helping understandethaution of genes. The interface
will allow examining of intron movements and will@av mapping of intron positions
from homologous or orthologous proteins onto a Isirgequence. The data is of
potential use for molecular biologists in generad éor researchers who are interested
in gene evolution and eukaryotic gene structurealysis of this data will allow us to
identify putative cases of intron sliding, a prcceghere an intron position shifts

during evolution.

4.2 Material and Methodology

The completely sequenced genome/proteome data (pletein.fa) for human and

mouse were downloaded from NCBI websitm:(/ftp.ncbi.nlm.nih.qgoy. CD-HIT

was performed on the downloaded protein sequercédentify sequences that are
80% identical and the homologous or orthologoustehs of the protein sequence
were generated. The corresponding genome datarfil@enBank files were then used
to extract and map the corresponding exon and rinpresitions on these aligned

clusters of genes (homologues and orthologues).esd@hclusters were further
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categorized into six groups to identify any relatibetween protein length, intron
position, number of introns. These data are ofr@stiefor evolutionary biologists. The

methodology is shown in flowchart [Fig 4.1]
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Download the genomes dz
from Genbank.

|

Run CD-HIT to generate the
proteins clusters.

v

Extract all the related
information.
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@egories: \

Run clusterW to generate the
alignment files at protein level.

C111: Same protein length, same number of introns,
same intron positions.

C112: Same protein length, same number of introns,
different intron positions.

v

C12: Same protein length, different number of ingo

Extract the intron type (1, 2 or
3), and run clusterW to genera
the alignment files at intron,
exon level.

C211.: Different protein length, same number ofdng,
same intron positions.

C212: Different protein length, same number ofdng,
different intron positions.

C22: Different protein length, different number of
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Load all the information into
relevant tables.

!
>

MIDB

Figure 4.1

Methodology for creating MIDB.
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The six categories are elaborated in detail below:

» C111: Same protein length, same number of intregsie intron positions.

* C112: Same protein length, same number of intrdiffgrent intron positions.

e C12: Same protein length, different number of ing:o

» (C211: Different protein length, same number ofdnf, same intron positions.

o (C212: Different protein length, same number of dng, different intron
positions.

» C22: Different protein length, different numberintrons.

We further aligned the corresponding exons andinfor the clusters identified at
80% identity. Thus, we have protein alignments, nexaignments and intron
alignments for these homologues or orthologuessd@idata were further stored in
SQL database and made available through a webfaoeer The schema of the

database is shown in Fig 4.2.
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GENE_TABLE

GI (PRIMARY KEY)
CLUSTER_NO
GENE_NAME

CHROMOSOME

ALIGN_GENE_TABLE

CLUSTER_NO (PRIMARY
KEY)
ALN_URL
CATEGORY
CAT_DESC
PIC_URL

ALIGN_EXON_TABLE

CLUSTER_SUBNO
(PRIMARY KEY)
ALNEXON_URL

CATEGORY
CAT_DESC
CLUSTER_NO

Figure 4.2
MIDB schema

75

1:n

ALIGN_INTRON_TABLE

CLUSTER_SUBNO
(PRIMARY KEY)
ALNINTRON_URL
CATEGORY
CAT_DESC
CLUSTER_NO




Database Schema

The homologous and orthologous genes clusterstaidihtron and exon sequence
mapping pictures are stored in the 4 tables shoviaigure 4.2.

GENE_TABLE: A look-up table for all the orthologewand homologous genes in
human and mouse. The drop-down list of the seangne in the web is extracted
from this table. It has four columns:

» GI: the unique identification number assigned tohegene in GeneBank.

* CLUSTER_NO: A unique number assigned to each othes or

homologues.
* GENE_NAME: The name of gene.
» CHROMOSOME: The Chromosome number showing whidieibngs to.
ALIGN_GENE_TABLE: The next level table of the gemable, it stores all the
information of the homologues and orthologues. Tpemary key is the
CLUSTER_NO, and for each cluster, it records thebwel pointing to the
homologues and orthologues cluster sequence magpisghe core table, because it
links the other 2 tables, align_exon_table and naligtron_table, which will be
interpreted in the following paragraph. This talides 5 columns:
* CLUSTER_NO: The number assigned when generatiegotithologue or
homologue clusters using CD-HIT, for example, 13442

* ALN_URL: The weblink of the cluster sequence aligmn file on gene
protein sequence level. It is named based on clustenber, such as
13442 _aln.i.

» CATEGORY: Which category the orthologues or homalkesg belong to:
C111, C112, C12, C211, C212 or C22?

 CAT_DESC: The description of the category.
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* PIC_URL: A graphic view of the cluster alignment.
ALIGN_EXON_TABLE: Stores the exon information ofetltlustered orthologues or
homologues. It links ALIGN_GENE_TABLE by CLUSTER_NQ@s primary key is
CLUSTER_SUBNO, because for one cluster of geneetisan be multiple exons
clusters. Two new columns are introduced in thideta
« CLUSTER_SUBNO: A unique number for each clusteexdns. For example,
in cluster 13442, the orthologous genes all hagedhs, and in this case it will
have 3 clusters of exons in parallel with the proteluster. They are
13442 _el, 13442 _e2, 13442 _e3.
* ALNEXON_URL: The weblink pointing to the clustereeixon sequence
mapping file.
ALIGN_INTRON_TABLE: Similar to ALIGN_EXON_TABLE, it stores the
clustered intron information. Its CLUSTER_SUBNO ostts the numbers assigned to
the clustered intron. Using the example above, Hrey13442 i1, 13442_i2, because

numbers of introns must be numbers of exons -1.

A User Guide to Search Engine

The significance of the MIDB is that it providegphkatform for researchers who are
conducting research on sliding introns, discordaimbns or missing introns. Since it

provides all the homologous and orthologous gemeshuman and mouse, by

analyzing their sequence mapping at the proteioneand intron level, users can

simply identify the missing, sliding or discordaintrons, so that the evolutionary

rules of intron can be exposed. One simple exammphow to use the search engine

is illustrated below:
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1. From the Search Engine drop-down list, select tkeegof interest, for
example, LOC646918. Clicking submit.

2. It will direct the user to the main interface wéh the information, Figure 4.3.
The first section of the webpage is a list of b genes under the same cluster
with LCO646918, and the data is at the gene leneluding GI, chromosome
number and gene name. The second section is tbemafion at the protein
level, which contains clustered protein sequenceping, cluster category and
graphic view of the mapping. The other two sectiars for clustered intron
and exon respectively, providing the link of intrand exon sequence
mapping.

3. Users can proceed to click to view how the orthologues are aligned, as
shown in Figure 4.4. The first 4 columns record dla¢a of GI, chromosome
number, protein length and gene name. One poinobte is thatl”|represents
the location of the intron, and ‘2’ stands for fifease of intron which has been
discussed in chapter 1.

4. Similarly sequence mapping at the intron and exwellcan be visualized by
clicking | or 2 A user who is studying introns can
easily find out the changes or movement of thetehes introns. According to
the intron sequence mapping data, most of the esledtintrons have very
large variance, even though they are 100% matcheteaprotein or exon

level.
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89036693 14506 human ref chrX LOC646918
9037009 14506 mouse ref chrX LOCH51923
14506 GRAPHIC URL
14506 il
14506 el | 14506 e2
Figure 4.3

Demonstration on how to query MIDB.

89036693
89037009 mouse_ref chrX
Figure 4.4

Demonstration on protein level sequence mappingrergroup of orthologues.

MDCRQVQCNS|2|SSNPIKDYIQE

40|LOCH51923 MDCROQVQCNS|2|SSNPIKDYTQE

human_ ref chrX ‘ 40‘]_0(?6469]8
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4.3 Data Analysis

Number of aligned proteins in human  Number of 100 percent aligned proteins in

Category & mouse human & mouse
C111 2697 77

C112 45 0

Ci12 111 6

C211 3248 10

C212 571 7

C22 4401 73

Total 11073 173

Table 4.1

Number of count of aligned proteins in Human andusto

The above table shows that about 11,000 proteihsimman and mouse align at >80%
amino acid sequence identity. 2,697 proteins tsaree protein length, same number
of introns, same intron positiongl5 proteins haveame protein length, same number
of introns, different intron positions. 111 proteihavesame protein length, different
number of introns. 3,248 proteins hadéferent protein length, same number of
introns, same intron positions. 571 proteins halierent protein length, same
number of introns, different intron positions. 4148roteins haveame protein length,

different number of introns.

The striking result of this analysis was the numbergenes for which all intron

positions matched exactly. Of 11,073 orthologousm&w—mouse pairs, 5945 (C111,
C211) showed no deviations at all in intron positelignment. These data suggest
that comparative methods employing information algeme structures should be very
successful in correctly predicting exon boundaiiesgenomic sequences. These
results are also important in informing comparatgene prediction. If orthologs

between human and mouse have virtually identidabir-exon structures, then cases
of ambiguous assignment of intron boundaries shbeldesolvable by comparison

with the other species. These results are an impbgtep in the debate over the
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relative roles of various processes in the shapfrthe modern intron—exon structures
of genes. Intron displacement or sliding is criticamportant for explaining the
present distribution of introns among orthologous d@aomologous genes. MIDB
allows examining of intron movements and allows piag of intron positions from
homologous or orthologous proteins onto a singlgusace. The database is of
potential use for molecular biologists in general éor researchers who are interested

in gene evolution and eukaryotic gene structure.
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CHAPTER 5 CONCLUSION AND RECOMMENDATIONS

51 Contribution

The explosion of data on all levels of the biol@jicontinuum made possible by the
new developments in (a) technique, (b) instrumentat(c) representation, storage
and distribution by GenBank, EMBL, and DDBJ is airee of both exhilaration and
anxiety. The phrase "genomic revolution" has becaommonplace, and is certainly
appropriate in a purely quantitative sense. Theemding availability of complete
genomic sequences for the model organisms hasedritnew era in biomedical
research that provides an unprecedented view oféhetic essence of multi-cellular
organisms. This has launched biology onto the pattbecoming a data-bound
science, a “science” in which all the data of a dom-such as a genome—are
available before the laws of the domain are undedstA point in the history of
biology has been reached where new generalizatindshigher order biological laws
are being approached but obscured by the simpls ofatata and its related diversity
and heterogeneity. Of primary concern to many lgjisks is how best to organize this
massive outpouring of data in a way that would leadieeper theoretical insight,
perhaps even a unified theoretical perspectivebfology. The proposed marriage
between biology and information technology in aducive way is cardinal for
knowledge discovery from information repositorids. conformity with this, it is
important to connect to the information and leaowho sift through it for the parts
we need. To cater for this, it is imperative tolthusubject-based knowledge sets
which allow one to (a) retrieve biological inforn@at from multiple, independently-
managed sources and (b) integrate the retrievedl idad data sets and derive from
these knowledge sets biological knowledge aboufiéhe of interest. This design can

be used in the automatic, adaptive, organizatioknmfwledge in databases on the
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Internet, facilitating the rapid dissemination efavant information and the discovery
of new knowledge. This thesis is an attempt tohis tirection and helps us to

understand the architecture of eukaryotic genomdshaw the gene structure changes
across same genes for closely related speciesalsiep towards organizing the basic

biological data in an user-friendly form and faeiles easy analysis of this data.

The generated datasets on eukaryotic gene struilcu@ eukaryotic genomes show
that the proportions of the genome representekam and in intron are correlated in
all the genomes (exce@. elegans) and that perhaps the spatial requirement for
regulatory DNA shaped the density of genes in tlggs®mes. In all cases, however,
the differences in intron size alone cannot fullgc@unt for the differences in
euchromatic genome size, indicating that a siniglescof non-coding DNA does not
easily explain the differences in genome size. @saults for the first time imply that
variation in genome size among organisms is usaai$pciated to congruent changes
across different classes of non-coding DNA (e.rdrons and intergenic regions)
uniformly across the genome and propose a causdfilwation by exons on each
chromosome in genome design and architecture.ififuiemation is of significance in
understanding how genomes evolve and facilitatésrdntial genome analysis. These
results confirm that not only the genome organizais similar in all the six genomes,
but it is also non-random and is shaped by contemixons, introns and intergenic

regions.

Our analyses on proteins with FDA approved drugsashthat proteins with 5 or
fewer homologs outside their own family, proteingwsingle-exon gene architectures

and proteins with more than 3 interacting part@gespromising targets. These results
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have high implications and use in prioritizing ewjdic drug targets, which is the

first and most important step for drug discovery.

We have constructed a database (MIDB) on aligneteprs in human and mouse,
include the alignment of their introns and exonsisTdatabase provides us the
platform to study the sliding intron posions andvhihey affect the protein sequence
and function in general. These data may furtherumaterstanding on how sequence

variability is generated and how introns contribtat¢his.

5.2 Recommendations for Future Work

The current research on intron, exon length distitim is carried out only on 6
eukaryotic genomes which are completed sequenegdre=study can be extended to
more eukaryotic genomes with full information. Ardar number of samples
collections can provide the possibility for statiat and hypothetical tests on the
regularities being found. The findings proved by ttests are definitely more

convincing and significant than the ones obtainalgt by observation and inference.

Future research on characteristics of targets Bk Bpproved drugs can be conducted
to introduce more FDA candidates, and there coaldther characteristics at genome

design level that are not discovered in currergassh but may affect the drug ability.

It would also be of interest to extend the usageMdDB in the direction of

understanding how intron sliding can lead to sphegiants. These results have
implications in understanding how new genes orlaingenes with different functions
evolve. These data could further be used to uraledstukaryotic genome evolution

and duplicate genes.
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