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In addition to the coding segments, genomes of all organisms are made of several highly conserved non-—
protein coding regions. Biochemical analysis by isolating non-coding regions from cells, tissues or whole
organism studies are powerful tools for their identification. In lieu of this, identifying and annotating these
regions using comparative and functional genomics approaches should be a high priority. Understanding and
identifying their location and what these segments are composed of would pave way for functional
annotation. Large scale functional genomics approaches help to identify novel genes and allow to hypothesize
its in vivo function systematically in turn aid in annotating the conserved regions obtained from comparative
genomics at the sequence level. In this review, we survey all non- coding regions, their importance and their
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functional roles newly discovered.

1. INTRODUCTION

In the 70s a number of laboratories converged in revealing
coding and non-coding regions in nuclear DNAs [1-4]. Today
one goal of genetic projects is to systematically localize all these
regions, characterize their function [5] and get a comprehensive
understanding of how they act together. But the estimated
number of genes continues to fluctuate, the reason being the
genes are either not well — clear or easily identifiable. The current
available data is depends on three techniques such as cDNA
cloning and EST (Expressed Sequence Tag) sequencing of
polyadenylated messenger RNAs [6, 7]. Conserved coding exon
identification by comparative analysis of genome [8] Prediction
of genes by computationally [9]. These techniques are most
excellent for highly expressed, phylogenetically conserved
protein coding regions and large data sets, except for one class of
genes — the non-coding regions of the genome. The non-coding
regions are segments of DNA that do not comprise a gene and do
not code for a protein [10]. These regions sometimes referred to
as "junk DNA" are interspersed throughout the genome. The non-
coding regions get transcribed but are neither translated nor
directly involved with the process of translation and hence no
functional protein is produced. However, some of these regions
are thought to have known biological function. Certain regions
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also produce transcripts that are involved directly in RNA
processing and translation, rather than being expressed into
messenger RNAs that encode proteins. Its includes transfer RNAs
(tRNA), ribosomal RNAs (rRNA), small nuclear RNAs (snRNA),
small nucleolar RNAs (snoRNA), etc., The number and diversity
of these non-coding regions remain essentially unknown, even
after the completion of many genome sequences. Some questions
like the number of non-coding genes in a genome, their
importance, their function inside a cell and whether these large set
of genes have gone undetected because of their inability to be
translated into proteins have always remained a mystery [11] To
address such questions, development of new systematic gene
discovery approaches specifically aimed at non-coding regions is
of utmost necessity. The idea that these classes of genes have
remained undetected is stimulating, if not skeptical. Non-coding
regions are almost absent in bacterial genomes but makes up as
much as 90% or more of the genome in higher organisms [12-14]
Modern comparative genomics studies suggest that genetic
variations between any two allied species are more because of the
modifications in the non-coding regions slightly than in the
protein—coding genes. Transcription — the process which results in
the formation of RNA molecules is the primary way in which
genetic information affects a cell’s function. Studies that employ
metabolic labeling of newly synthesized RNA indicated that a vast
proportion of nuclear DNA was actually transcribed and bulk of
this heterogeneous RNA (hnRNA) never access the cytoplasm and
hence did not get decoded into proteins [15-18]. Novel genomics
and RNomic research have cross verified these findings [19, 20]
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Understanding the phenomena of RNAI and the discovery of post
— transcriptional gene silencing has brought the functional
significance of non-coding DNA sequences, especially the non-
coding RNA’s into light. Recently, researchers have elucidated
the roles of non-coding regions in causing diseases in humans [21].
Alteration in these region are coupled with disease propensity, but
accurately how these functional changes is ambiguous [22].There
are several segments of non-coding regions including : Cis- and
Trans-regulatory elements, Introns, Non-coding functional RNA,
Pseudo genes, Repeat sequences, Telomeres, transposons and viral
elements. These regions assumed to be “junk” seem to be
responsible for a varied number of disorders in humans.
Understanding what these segments are composed of and
annotating them would help in understanding their specific roles in
the genome.

2. Non-coding RNA

Non-coding RNA’s are functional RNA molecules that
do not get translated into a protein. These regions are thought to be
involved in many cellular processes as in gene regulation and
disease states. These RNA’s that does not act as messenger RNAs
(MRNAS), ribosomal RNAs (rRNAs) or transfer RNAs (tRNAS)
has been given by various names where the term small RNAs
(SRNAS) has been dominant in bacteria, whereas the term non-
coding RNAs (ncRNAs) has been predominant in eukaryotes.
These ncRNA’s vary in size greatly. For example, regions of 21—
25 nucleotides length form the large family of microRNAs
(miRNAs). Those miRNAs are involved in regulation of
development in Caenorhabditis elegans, Drosophila, and mammals
[23-27] those that are 100-200 nucleotides in length are SRNAs
commonly found as translational regulators in bacterial cells [28,
29] and those that are >10,000 nucleotides in length are involved
in gene silencing in higher eukaryotes [30-32]. Thus, ncRNAs
vary greatly in function and some RNAs is below:

3. RNA Processing and Modification

Processing of the 5’ end of precursor tRNA and some
rRNA’s is done by the catalytic ribonuclease P (RNase P) RNA,
which is found in all organisms (Frank and Pace 1998). For
splicing of pre-mRNAs in eukaryotes, small nuclear RNAs
(snRNAs) are important [33]. Small nucleolar RNAs (snoRNAs)
direct the metylation of 29-O-ribose sugar (C/D-box type) and
pseudouridylation (H/ACA-box type) of rRNA, tRNA, and
ncRNAs by base-pairing with sequences close to the sites has to be
altered [25]. The lead RNAs (gRNAS) are available in kinetoplasts
to regulate insertions or deletions of uridine residues into mMRNA
as described by base-paring methods. [34, 35].

4. Regulation of mRNA Stability and Translation

The process of translation is repressed by C.elegans lin-4
and let-7, the first discovered miRNAs. This suppression is
because of the formation of base pairs with the 3” end of target
mRNAs. Numerous recently identified miRNAs are likely to act in
a similar fashion. It is convincing that a few of these miRNAs

target mRNAs for degradation similarly like RNA interference
process where the small interfering RNAs (siRNAs) which are
processed and amplified from exogenously added, double-stranded
RNA leads to gene suppression [36].

5. Other Functions of "cRNAS

For a variety of ncRNAs, functions have already been
conceptualized, however scores of the cellular roles remains
elusive. For example, the small cytoplasmic Y RNAs which are
associated with the Ro autoantigen leave the researchers enigmatic
even after many years of study [37]. Although new approaches
need to be developed, previous approaches in decrypting the
functions of ncRNAs paves the way to answer the question for
elucidating the functions of these regions. For genetically
malleable organisms, knock — out or over — expression studies
can be done for whole — genome expression patterns or for
screening the differences in phenotypes (such as viability).
Identification of whole component of these regions for better
understanding of their functions cause a big challenge for the
researchers working on ncRNAs. The functions of numerous
ncRNAs were well-known by the biochemical identification of
related proteins, and the expansion of more systematic methods for
characterizing ncRNA-linked proteins should be fruitful. As
computational biology tools expand and improve, comparative
genomics approaches should serve as the central avenue for
determining the functions of ncRNAs.

6. CIS - Regulatory Elements

These are non-coding DNA sequences that are present in
or near a gene and required for the proper expression of genes,
usually containing binding sites for transcription factors. A classic
example of a cis — acting element is the SECIS (SElenoCysteine
Insertion Sequence) element, which is an RNA element having a
stem — loop structure of 60 nucleotides in length, channelizes the
cell to translate the “UGA” codon as “Selenocysteine” rather than
translating into a stop codon.

The cis-acting elements may be classified into four types:

e Promoter: This is the DNA element where transcription
initiation begins.

e Enhancer: This element can enhance the transcription
process upon binding with the transcription factors (TFs).
The TFs that bind to enhancers are known as
transcription activators.

e Silencer: This element can repress the transcription
process upon binding with the transcription factors (TFs).
The TFs binding silencers are referred to as repressors.

e Response Element: These are the identification sites for
certain transcription factors. They are mostly positioned
within 1 kb from the upstream of the transcriptional start
site.

For the transcriptional regulation of gene expression,
binding of transcription factors to cis-regulatory elements or
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transcription factor binding sites (TFBSs) is mandatory. Hence,
discovering the cis- regulatory elements has brought into vital
research challenge for few years [38, 39]. The conventional wet —
lab experiments for the investigation of these elements is
expensive and impractical on large number of genes. As more
genome sequences become accessible, computational approaches
provide an alternate low — cost efficient method to deal with large
data sets [40]. Many approaches have been projected to spot the
putative cis — regulatory elements through varied algorithms. For
predicting precision of the algorithms, cis-regulatory elements
derived computationally are compared with known TFBSs from
databases and/or literature. This along with Gene Ontology (GO)
annotations helps in validating or associating the purported
elements with biological functions [41].

7. Trans - Regulatory Elements
These are diffusible proteins, which modify gene
expression by binding to the cis-acting sequences [42-44]. Some of
the general properties of different trans-acting factors are:
e  Considered to be the subunits of RNA polymerase
e Helps in stabilization of initiation complex by binding to
RNA polymerase
e Binds at specific sequences to few promoters and
required for initiation of transcription and considered as
the “positive regulators” of gene expression.

7.1 Introns

After transcription, the introns are detached by the
process of “splicing” leaving only the “exons” which further get
translated into proteins. Introns consist of large stretches of DNA
whose biological functions are in the process of being elucidated.
All higher organisms have introns, and the more complex
organisms own a higher part of introns. These indicate that they
play functions ranging from minor to major. Recent research
elucidates a high level of conservation in some introns, indicating
that they have some useful function. Many studies show the
involvement of introns in cancer causation either directly or
indirectly. For example, introns are may be involved in the
transcriptional regulation of apoprotein B, E, and A-11 and few
introns in regulating neoplasm developments [45]. Conclusions
relating introns and cancer are not plausible for varied reasons
including studies on determining if intronic mutations responsible
for tumour progression or due to collateral or unrelated damage.

7.2 Pseudogenes
Pseudogenes are non — functional DNA sequences
resembling functional genes. The first pseudogene was reported in
1977 and since then a large number of these genes have been
reported and described in humans and many other species [46].
There are two accepted processes during which pseudogenes may
arise:
e  Duplication: These genes also known as “unprocessed
pseudogenes” get modified due to mutations, insertions

and deletions which usually results in the loss of
gene function at the transcription or translation level (or
both).

e Retrotransposition: These genes also termed as
“processed pseudogenes” are located on different
chromosomes from their functional counterparts. These
segments lack introns and regulator genes and are
flanked by direct repeats. This occurs due to the activity
of long interspersed nuclear element (LINE), which
mimics a genomic virus. LINEs follow their own way of
making DNA copies of themselves to get integrated into
the genome.

7.3 Telomeres

Telomeres are  complex, essential, protective
nucleoprotein structures located at the ends of eukaryotic
chromosomes required for genome stability maintained by the
special reverse transcriptase, telomerase. In most eukaryotic
cells, telomeres has repetitive GT-rich sequences, which mostly
made up of double-stranded DNA (dsDNA) which terminate with
3’ single-stranded tails, called as G-tails. Until recently, these
regions were considered as transcriptionally “silent, but now are
recognized to be transcribed into non-coding RNA molecules
called TERRA. The function(s) of TERRA in telomere
metabolism is now the subject of extreme study given the
implications these may have on fundamental biological processes
such as aging and cancer [47]. In human cells, telomeres are bound
and protected by a “shelterin” complex-a Six- subunit protein
complex consisting of TRF1, TRF2, RAP1, POT1, TPP1 and
TIN2. This complex binds specifically to telomeric DNA and
regulates telomere function [48]. TRF1 and TRF2 bind specifically
to dsDNA telomeric repeats wherein TRF2 is important for
repressing ATM activation at telomeres and have been shown to
interact with both ATM and Chk2 kinases and thus might play a
role in the inhibition of ATM - dependent check point
establishment by interfering with the contact between ATM and
Chk2 [49, 50]. The DNA repair proteins like Apollo and MRN
complex associate with TRF2 hypothesizing that their activities
may be regulated by TRF2 at the telomeric region [51, 52]. POT1
binds to G- tails and is important for repressing ATR activation at
telomeres [53]. This complex also promotes insertion of 3’
telomeric G-tails into the dsDNA thereby generating a “t-loop”
structure. This hides the telomeric 3’ ends from checkpoint
proteins and DNA repair. The mammalian shelterin complex is
also thought to promote insertion of 3’ telomeric G-tails into the
dsDNA portion of telomeres to generate a “t-loop” structure, in
that way hiding telomeric 3’ ends from DNA repair and check
point proteins [54, 55].

7.4 Transposns

Transposons also identified as transposable elements
(TEs) are DNA sequences that translocate from one genomic locus
to another. First identified by Barbara McClintock, these elements
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are found in almost all organisms in great numbers. For example,
TEs make up roughly 50% of the human genome and up to 90% of
the maize genome [56]. These elements were once considered as
“selfish” DNA but recent studies show their vitality in host
genomes[57-59] as epitomized by immunoglobulin V (D) J
rearrangement [60, 61], telomere maintenance [62], horizontal
gene transfer[55, 56], and intron origination[63]. Besides jumping,
the behaviour of these transposons depends on where it lands in
the genome. Landing inside a gene may result in a mutation, for
example, insertions of L1 into the factor VIII gene caused
hemophilia [64].

Studies later on suggested that L1 was present in the
APC genes in colon cancer cells but not in the APC genes in
healthy cells in the identical individuals. It’s strongly confirms that
L1 transposes in somatic cells in mammals, and this element might
play a causal function in disease development [65]. Most TE’s
appear silent, i.e., no phenotypic effect is seen nor they translocate
themselves around the genome. Some are inactive and are unable
to move from chromosomal location to another because they have
deleterious mutations in them. In spite of being intact and able to
move, a few transposons are kept inactive by epigenetic defence
mechanisms such as DNA methylation, chromatin remodeling, and
miRNASs[66]. Transposon silencing also occurs in the plant genus
Arabidopsis. Studies reveal that these plants contain more than
twenty different mutator transposon sequences, wherein these
sequences are silenced or methylated in wild-type plants. If one of
the methylating enzymes becomes defective, then these
transposons are transcribed [67]. All of these transposable
elements are not detrimental. Transposons have the ability to
understand the evolution of genomes by expediting translocation
of genomic sequences, shuffling of exons and repair of double
stranded breaks.

The ability of transposons to enhance genetic diversity,
together with the capacity of the genome to reduce most TE
activity, results in a balance that makes transposable elements an
crucial part of evolution and genome regulation in all organisms
that carrying these sequences [66].

8. Structural Variants

Structural variants are modifications in an organism’s
chromosome due to insertions, deletions, inversions, translocations
and duplications commonly referred to as copy — number variants
(CNV’s) which are usually >1Kb in length[68]. If present at >1%
in a population a CNV may be referred to as copy number
polymorphism (CNP). Most of these variants lead to genetic
disorders. For example, the Charcot-Marie Tooth (CMT) disease, a
autosomal dominant disease associated with a gene dosage effect
due to an inherited DNA rearrangement was the first to be
elucidated in 1991.

In most cases, this disease was associated with a tandem
duplication of length 1.5Mb in 17p11.2-p12 propitiated by
flanking segmental duplications which surrounds the PMP22 gene.
The disease phenotype results from having three copies of the
normal gene. The mutual product of the recombination, a single

copy of the PMP22 gene and results in the clinically distinct
hereditary neuropathy with liability to pressure palsies [69].

9. Simple and Tandem Repeats

Tandem repeats are pervasive repetitive patterns of
nucleotides that occur adjacent to each other [70-72] varying in
length from 2 — 50 base pairs in length. By identification of these
patterns, an individual’s genetic profile can be created. This
method is widely used in forensic analysis by using the
fingerprints of the culprit. Estimates from the human genome
Sequencing project indicate that such repeats make up ~3% of the
sequenced human genome. For example, most of the humans have
nearly 30 CGG*CGG repeats in the 5’ UTR of their FMR1 gene
[73]. However, population studies in Caucasians, the only
population for which significant data exist, indicate that 246 to 468
females has 55-200 repeats and 3717 to 8918 males has 200 to
>1000 repeats at this locus [74].

10. Segmental Duplications

Segmental duplications are repetitive segments of the
genome that are 1 to >400 kb in length and 90-100% sequence
identity [75]. The evidences show that paralogous segmental
duplications, also called as low-copy repeats (LCRs), may be
significant determinants of genomic plasticity in all eukaryotes
[76-78]. Computational analysis revealed that these duplications
occur frequently in the genome wide analysis of nine model
eukaryotes even after concealing of the repetitive elements.
Inverted repeats have the ability to form secondary structural
elements like palindromes or stem-loops which can recombine and
lead to chromosomal rearrangements. This contrivance
predisposes many genetic disorders in humans bestowing to
tumorigenesis and a vital role in primate karyotype evolution.

11. CONCLUSION

As researchers sift through the long-neglected introns
and intergenic stretches of DNA, comparative genomics tools will
only help in functional annotation but also in identifying the
genetic source of diseases but also in identification of appropriate
drugs and understanding of the pharmacological effects of these
segments. In cases where organisms vary distantly, the most
conserved genes are used, such as rRNA genes (16s rRNA) are
found to play vital roles. These segments have been conserved for
over millions of years such that they do not seem diverse that they
all seems equally unrelated, but cannot give sufficient "resolution”
to determine the relationship between closely related species as
they may be almost or completely identical. Thus, using
comparative and functional genomics, studies on non coding
segments seems plausible in the near future.
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