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Abstract

Analyzation of administrative organizations that control quality record is perhaps the best test
of utilitarian genomics. Utilizing human genomic arrangements, models for restricting locales of
realized record elements, and quality articulation information, we exhibit that the figuring out
approach, which surmises administrative systems from quality articulation designs, can uncover
transcriptional networks in human cells. Until now, such strategies were effectively exhibited
distinctly in prokaryotes and low eukaryotes. We created computational strategies for
distinguishing putative restricting destinations of record factors and for assessing the
measurable meaning of their commonness in each arrangement of advertisers. Zeroing in on
transcriptional systems that control cell cycle movement, our computational investigations
uncovered eight record factors whose limiting locales are essentially overrepresented in
advertisers of qualities whose articulation is cell-cycle-subordinate. The improvement of a
portion of these components is explicit to specific periods of the cell cycle. Likewise, a few sets
of these record factors show a huge co-event rate in cell-cycle-directed advertisers. Each such
pair shows utilitarian participation between its individuals in directing the transcriptional
program related with cell cycle movement. The techniques introduced here are general and can
be applied to the investigation of transcriptional networks controlling any organic process.
Identification of the 5'-finish of human qualities requires recognizable proof of utilitarian
advertiser components. In silico ID of those components is troublesome due to the progressive
and secluded nature of advertiser engineering. To resolve this issue, | propose another stepwise
procedure dependent on introductory limitation of a practical advertiser into a 1-to 2-kb
(expanded advertiser) area from inside an enormous genomic DNA grouping of 100 kb or bigger
and further confinement of a transcriptional start site (TSS) into a 50-to 100-bp (core promoter)
district. Utilizing positional ward 5-tuple measures, a quadratic discriminant investigation (QDA)
technique has been carried out in another program —Core Promoter. Our investigations show
that when given a 1-to 2-kb broadened advertiser, Core Promoter will effectively confine the
TSS to a 100-bp stretch ~60% of the time. Enhancers interface with quality advertisers and
structure chromatin circling structures that serve significant capacities in different organic
cycles, like the guideline of quality record and cell separation. Be that as it may, enhancers are
hard to recognize because they by and large don't have fixed positions or agreement
arrangement highlights, and natural analyses for enhancer ID are exorbitant as far as work and
cost. In this work, a few models were worked by utilizing different succession-based capabilities
and their blends for enhancer forecast. The chose highlights got from a recursive element end
strategy showed that the model utilizing a mix of 141 record factor restricting theme events
from 1,422 record factor position weight networks accomplished a well high forecast precision
better than that of other revealed strategies. The models showed great forecast exactness for
various enhancer datasets acquired from various cell lines/tissues. Also, expectation exactness
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was additionally improved by joining of chromatin state highlights. Our strategy is integral to
wet-lab test strategies and gives an extra technique to distinguish enhancers.
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INTRODUCTION

Understanding eukaryotic quality record and
guideline is a significant undertaking in the post-
genomic time. Quality record and guideline is a
complex and multi-stage measure including
numerous components, like enhancers and quality
advertisers. Enhancers are a class of non-coding
administrative DNA components that associate with
distal and proximal quality advertisers with the
assistance of activators or go between. Since the
main enhancer was found in SV40 DNA in 1981,
numerous enhancers from various species have been
recognized. It is currently broadly acknowledged that

enhancers are available widely in higher eukaryotes.
Enhancers assume significant parts in natural cycles,
like quality record and guideline, assurance of the
three-dimensional construction of chromatin, cell
separation and infections. Ongoing investigations
have shown that enhancers are mind boggling
administrative components that are related with
epigenetic data, like histone methylation, open
chromatin districts and record factor (TF) restricting
locales. For instance, enhancers generally cross-over
with open chromatin districts and are related with
certain chromatin state.

Feature groups # of features  Se Sp ACC McCC AUC
DNA property(l) 23 0.7759 0.6675 0.7217 0.4460 0.7943
TF binding motif 1422 0.8203 0.9783 0.8993 0.8087 0.9687
occurrence (Il)

k-mer(IIl) 2772 0.5197 0.4695 0.4946 -0.0108 0.5024
[+11 1445 0.8256 0.9785 0.9020 0.8136 0.9703
I+11 2795 0.8050 0.5962 0.7006 0.4103 0.7806
[+ 4194 0.8170 0.9739 0.8955 0.8008 0.9678
I+1+11 4217 0.8190 0.9753 0.8972 0.8043 0.9699

Table 1: Performance of models built on sequence-based feature groups. | represent DNA property features; Il
represents TF binding motif occurrence features and Ill represents k-mer features.

Enhancers are by and large ordered into two
gatherings as per their exercises. The primary
gathering contains the dynamic enhancers, which are
normally portrayed by histone Lys4 mono-
methylation (H3K4mel) and histone Lys27
acetylation (H3K27ac). The other gathering includes
the ready enhancers, which are described by
H3K4mel and H3K27me313. Furthermore,
enhancers might be translated into RNA records
assigned "eRNAs". These eRNAs advance the
arrangement of circles among enhancers and
advertisers during quality regulation. Traditionally,
enhancers have been distinguished through
enhancer trap methods utilizing columnist qualities
in model organic entities, like people, mice, and C.
elegans. These tests are frequently significant
expense, tedious, work concentrated and low
throughput. Inferable from the huge benefits of
current sequencing innovation, the elements of
enhancers would now be able to be distinguished
and explored by means of entire genome
sequencing. For the most part, two high-throughput
test techniques can be utilized to distinguish

enhancers in entire genome studies. The first
strategy is to recognize enhancers by examining open
chromatin locales by means of DNase | excessive
touchiness planning. In any case, open chromatin
areas contain  separators and advertisers
notwithstanding enhancers. The subsequent
technique is to distinguish enhancers from the DNA
restricting destinations of proteins through
chromatin immunoprecipitation combined with
hugely equal sequencing (ChIP-Seq) innovation. The
immune precipitated proteins might be different TFs,
for example, p300 (likewise called EP300 or E1A
restricting protein p300), just as CBP proteins (too
known as CREB-restricting protein or CREBBP) and
histones. In any case, inferable from the expenses
and assets needed for ChIP-Seq tests, this philosophy
can recognize just a small portion of enhancers. In
this manner, there is a need to foster high-
throughput and fast in silico techniques to
dependably identify enhancers in the whole
genomes.

Normal Antisense Transcripts (NATs) are RNAs that
are essentially somewhat integral to other
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endogenous RNAs. They may be translated in cis
from restricting DNA strands at the equivalent
genomic locus or in trans at isolated loci. NATs have
effectively been found to work at a few degrees of
eukaryotic quality guideline including translational
guideline, elective joining, RNA strength, dealing,
genomic engraving and X-inactivation. Changes in
antisense record have been involved in
pathogenesis, like malignant growth or neurological
infection. However, the practical parts of NATs are
not yet grounded and NATs in non-mammalian
species are not all around contemplated. Along these
lines, the distinguishing proof of NATs in various
species is of extraordinary interest to transformative
science and medication. We center around the ID
and investigation of cis-NATs. The quickly expanding
measure of transcriptome and genome arrangement
information empower productive in silico ID of cis-
NATs through looking for sense—antisense (SA)
quality sets-exonic covering bi-directional records. A
few gatherings recognized SA sets from mRNAs or
anticipated quality models. MRNAs have dependable
direction data however the measure of such
successions is little, bringing about few SA sets
distinguished, while anticipated quality models can
expand the inclusion yet a portion of the forecasts
might be inconsistent, particularly when there is no
supporting record. Different endeavors have gone to
ESTs, which are accessible in a lot bigger sum, and
therefore, recognized a lot more SA sets. A significant
advance in these endeavors is the task of record
direction of ESTs. Chen utilized poly(A) sign and
poly(A) tail to dole out beginning directions and
afterward utilized grafting destinations as an extra
channel though Yelin mostly gathered the
arrangements that range introns. A more complex
mix of data from coding grouping, poly (A) signal,
poly (A) tail and grafting locales may bring about
more exact tasks of direction. Moreover, a quick
pipeline is attractive to empower genome-wide ID of
cis-NATs in various species and successive update of
the up-and-comer datasets. Previous endeavors may
likewise should be improved and extended in some
different viewpoints. To begin with, the order of SA
matches regularly included just united (covering 30
end) and unique (covering 50 end) classes. This
coarse grouping is vague for SA sets with unique
genomic plans. Second, there exist clashing ends in
writing on highlights of SA qualities. For instance,
prior work revealed focalized SA sets to be more
predominant and that SA qualities have no capacity
predisposition contrasted with different qualities,
while a new report discovered unique SA sets to be
more common and that SA qualities are all the more
habitually associated with synergist exercises. Reich
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and Walter assessed that 15% of engraved qualities
are related with antisense records, yet the Riken
bunch as of late expanded the gauge to 81%. Last yet
not the least, all past endeavors zeroed in on either
only one animal categories or one ancestry (for
example human and mouse). For instance, Chen and
Kiyosawa detailed SA sets to be under-addressed in
X chromosomes in human and mouse. It stayed
obscure whether this end remains constant for
different eukaryotes, like fly and worm. We planned
and carried out a thorough pipeline to beat the
specialized weaknesses and explore, from a different
animal group’s point of view, the clashing ends from
past investigations. This pipeline utilizes information
in UniGene and Golden Path to discover covering
records. The genome planning information in Golden
Path was utilized as a beginning stage to plan the
mMRNAs and ESTs in UniGene to genomes and in this
way severely sifted to guarantee quality. This
fundamentally speeded up the pipeline and
therefore, empowered a fast pursuit of cis-NATs
across numerous eukaryotic genomes. To build
inclusion, we coordinated the wellsprings of data
utilized in past work including arrangement type
(mRNA or EST), coding grouping, poly(A) signal,
poly(A) tail and joining locales to find the record
direction of mRNAs and ESTs. We applied the
pipeline to distinguish cis-NATs in eukaryotic species
including human, mouse, fly, worm, ocean spurt,
chicken, rodent, frog, zebrafish, and cow and
produced the most extensive numerous genome
applicant cis-NAT datasets to date going from
invertebrate to vertebrate. We recognized 7830 SA
qualities in human (26% of every single human
quality) in 3915 SA sets, including around 1000 novel
SA sets not detailed in past distributions. The
plenitude of SA qualities is surprisingly low in worm
(540 or 2.8% of all worm qualities), even contrasted
with easier eukaryotes, like yeast (11%) and
Plasmodium falciparum (12%). It doesn't have all the
earmarks of being brought about by the
commonness of operons in the worm genome. Given
an altogether augmented dataset across different
species, we discovered many SA combines that were
moderated in at least two species, large numbers of
which kept up with a similar covering design. Such a
dataset additionally reveals insight into a portion of
the clashing or deficient ends in past reports. We
partitioned these SA sets into six classes by extending
existing order plans to mirror the exact genomic
course of action of SA sets more readily. We tracked
down that the united class (covering 30) is common
in fly, worm, and ocean spurt, yet not in human or
mouse. The level of SA qualities among engraved
qualities in human and mouse is 24—-47%, contingent
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upon the engraved quality sets utilized, a reach
between the two limits in past examinations. The
wealth of SA qualities on the X-chromosome in fly or
worm is discovered to be like that on a portion of
their autosomes, rather than the fundamentally
lower bounty of SA qualities saw on the X
chromosomes in human and mouse. These backings,
with information from both vertebrate and
invertebrate life forms, past speculation of X-
inactivation in warm blooded animals being a
potential reason. Quality Ontology (GO) and KEGG
pathway investigation recommended that SA
qualities are over-addressed in the reactant action
and essential digestion practical classes in human
mouse and fly.

Inception of Transcription in Eukaryotes

Inception is the initial step of eukaryotic record and
requires RNAP and a few record components to
continue.

Steps in Eukaryotic Transcription

Eukaryotic record is done in the core of the cell by
one of three RNA polymerases, contingent upon the
RNA being deciphered, and continues in three
consecutive stages:

e |nitiation

e Elongation

e Termination.

Inception of Transcription in Eukaryotes

Dissimilar to the prokaryotic RNA polymerase that
can tie to a DNA layout all alone, eukaryotes require
a few different proteins, called record factors, to
initially tie to the advertiser area and afterward assist
with enlisting the fitting polymerase. The finished
gathering of record components and RNA
polymerase tie to the advertiser, framing a record
pre-commencement complex (PIC).

The most-widely examined center advertiser
component in eukaryotes is a short DNA succession
known as a TATA box, discovered 25-30 base
combines upstream from the beginning site of
record. Just around 10-15% of mammalian qualities
contain TATA boxes, while the rest contain other
center advertiser components, yet the instruments
by which record is started at advertisers with TATA
boxes is very much portrayed.

The TATA box, as a center advertiser component, is
the limiting site for a record factor known as TATA-
restricting protein (TBP), which is itself a subunit of
another record factor: Transcription Factor Il D
(TFIID). After TFIID ties to the TATA box through the
TBP, five additional record variables and RNA
polymerase join around the TATA enclose a
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progression of stages to frame a pre-inception
complex. One record factor, Transcription Factor Il H
(TFIIH), is associated with isolating contradicting
strands of twofold abandoned DNA to give the RNA
Polymerase admittance to a solitary abandoned DNA
format. Notwithstanding, just a low, or basal, pace of
record is driven by the pre-inception complex alone.
Different proteins known as activators and
repressors, alongside any related coactivators or
corepressors, are liable for regulating record rate.
Activator proteins increment the record rate, and
repressor proteins decline the record rate.

The Three Eukaryotic RNA Polymerases (RNAPs)
The highlights of eukaryotic mRNA union are
uniquely more unpredictable those of prokaryotes.
Rather than a solitary polymerase including five
subunits, the eukaryotes have three polymerases
that are each comprised of 10 subunits or more. Each
eukaryotic polymerase likewise requires a particular
arrangement of record components to carry it to the
DNA layout.

RNA polymerase | is situated in the nucleolus, a
specific atomic foundation where ribosomal RNA
(rRNA) is deciphered, prepared, and collected into
ribosomes. The rRNA atoms are viewed as primary
RNAs since they have a cell job however are not
converted into protein. The rRNAs are parts of the
ribosome and are crucial for the interaction of
interpretation. RNA polymerase | blends the entirety
of the rRNAs aside from the 55 rRNA atom.

RNA polymerase Il is situated in the core and blends
all protein-coding atomic pre-mRNAs. Eukaryotic
pre-mRNAs go through broad preparing after record,
however before interpretation. RNA polymerase Il is
answerable for interpreting the mind-boggling larger
part of eukaryotic qualities, including the entirety of
the protein-encoding qualities which at last are
converted into proteins and qualities for a few sorts
of administrative RNAs, including microRNAs
(miRNAs) and long-coding RNAs (IncRNAs).

RNA polymerase 1l is additionally situated in the
core. This polymerase translates an assortment of
underlying RNAs that incorporates the 5S pre-rRNA,
move pre-RNAs (pre-tRNAs), and little atomic pre-
RNAs. The tRNAs have a basic job in interpretation:
they fill in as the connector particles between the
mRNA layout and the developing polypeptide chain.
Little atomic RNAs have an assortment of capacities,
including "grafting" pre-mRNAs and directing record
factors. Not all miRNAs are translated by RNA
Polymerase Il, RNA Polymerase Ill interprets some of
them.
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Eukaryotic sialoprotein genes identified so far.
Sialoprotein messenger RNAs (mRNAs) harbor a Sec-
insertion sequence (SECIS) element in their 3’
untranslated region that triggers the recoding of the
UGA codon into Sec (the location of which is shown in
the coding sequence by a white bar). Deviations from
the canonical SECIS are shown in bold. The taxon-
specific distributions of some sialoproteins are
indicated as follows: glutathione peroxidase 6 (GPx6;
yellow) is found in humans and pigs, but not in
rodents; methionine-S-sulphoxide reductase A (MsrA;
green) is  found only in the green
alga Chlamydomonas reinhardtii); sialoprotein U
(SelU) (red) is found in fish, chickens, sea urchins, a
green alga and a diatom, but not in higher
eukaryotes. DI, iodothyronine deiodinase; TR,
thioredoxin reductase.

New entries based on in silico primer extension
EPD was initially planned as an asset for near
succession investigation and, accordingly, has
assumed an instrumental part in the portrayal of
eukaryotic record control components, just as in the
advancement of eukaryotic advertiser expectation
calculations. The principal reason for the data set is
to monitor test information that characterizes record
inception locales of eukaryotic qualities. This sort of
useful data is connected to advertiser groupings by
means of machine-decipherable pointers to
positions inside successions of the EMBL Nucleotide
Sequence Database. EPD is a thoroughly chosen,

curated and quality-controlled information base. As
of now, EPD is bound to advertisers perceived by the
RNA POL Il arrangement of higher eukaryotes
(multicellular plants and creatures). Note that this
limitation doesn't deduce avoid viral advertisers. EPD
is additionally a rigorously non-excess data set. A
thorough depiction of the substance and
configuration of EPD has been distributed before
Information on the guideline of advertisers is given
through cross-references to CleanEx (recently named
EPDEX), a data set that maps advertiser by means of
qualities to public articulation profile. Up to deliver
72 (dated October 2002) EPD was a physically
arranged data set, depending solely on test proof
distributed in logical diaries. With discharge 73, we
began to misuse 5' ESTs from full-length cDNA clones
as another asset for characterizing advertisers. This
information are consequently handled by PC
programs and have quickly changed the manner in
which EPD is created. Effectively a year after the
presentation of this new strategy, the greater part of
the EPD passages (1634) depend on 5' EST
successions. We call this new method of record start
site  (TSS) planning 'in silico preliminary
augmentation'. The rule is equivalent to for ordinary
groundwork augmentation. In the two cases, one
endeavors to incorporate cDNA particles that stretch
out to the 5'end of a record with the guide of a
groundwork that hybridizes to an interior piece of
the mRNA succession.
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Figure 1. In silico primer extension yields results comparable to those of conventional methods. The upper
panel displays the frequency distribution of the 5’ends of transcripts of the human aldolase A gene as
derived from DBTSS. The figure in the lower panel [reprinted from with permission from Elsevier]
summarizes the results of mRNA 5¢end mapping experiments carried out by conventional techniques for
the same gene. Note that in silico primer extension successfully identified all four promoter regions

reported before.

In any case, there are two significant contrasts. In
silico preliminary augmentation utilizes 5'end
groupings from cloned cDNAs produced for a whole
mRNA populace of a cell utilizing a vague
groundwork [usually oligo (dT), which hybridizes to
the 3'end of the transcripts]. Customary preliminary
expansion is done for each quality in turn with a
quality explicit groundwork that hybridizes to an
integral arrangement area close the 5'end of the
mRNA. With the last method, the normal cDNA items
are short, and accordingly prone to expand the 5’end
of the objective mRNA. Alternately, with poly (dT) as
groundwork, the full-length cDNA items are relied
upon to be long. Thusly explicit cloning strategies
must be applied to improve for cDNAs that reach out
to the mRNA 5'end. The oligo covering strategy,
spearheaded by the DBTSS group has end up being
exceptionally compelling to this end. The subsequent
distinction concerns the way cDNA augmentation
items are examined. In old style preliminary
expansion, the length of these items is controlled by
gel electrophoresis. Inside silico groundwork
expansion, the cDNAs are examined by cloning and
sequencing. The 5'end successions are then planned
in silico to the relating genome arrangement with
projects like Blast or Sim4. We presently use
methods produced for the trome information base
for this reason. This planning prompts a purported
cDNA 5'end profile, a computerized structure that
basically contains a similar data as the image of a
path of a polyacrylamide gel reporting the length
circulation of cDNAs got by ordinary preliminary
augmentation. It records how frequently the 5'end of

a cDNA clone from a specific quality has been found
at each base situation inside a genome district of ~2
kb. A programmed strategy has been created for the
recognizable proof of groups inside a cDNA 5'end
profile that are probably going to address genuine
TSSs. This method depends on another grouping
calculation executed in a program called madap
,which endeavors to fitt a cDNA 5'end profile to a
combination of Gaussian disseminations utilizing an
Expectation-Maximization (EM) calculation. The EM
calculation can be compelled to regard some client
characterized requirements, for our situation that: (1)
a bunch should contain something like 10 cDNA
5'ends, (ii) it should include essentially 10% of all
5'ends recorded in the profile, and (iii) it should
submit to a negligible focus to-focus distance of 50
bp to its closest neighbor. Note that method of
misusing 5'ends of cDNA contrasts in two significant
manners from the methodology taken by DBTSS.
First, we take into account numerous advertisers for
a similar quality. Second, we take as reference
position for an EPD advertiser passage the most
often noticed as opposed to the most upstream-
found cDNA 5'end. Up until now, we have utilized the
accompanying information hotspots for in silico
groundwork expansion: (I) DBTSS, giving human full-
length cDNA groupings from libraries developed with
the oligo-covering strategy, (ii) extra arrangements
of great human cDNAs from the MGC task, and (iii)
5'EST successions of two Drosophila clone libraries of
the Berkley Drosophila Genome project built with the
oligo-covering technique. Albeit not produced with
the oligo-covering technique, we acknowledged the
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Figure 2. TATA and CCAAT box occurrence profiles for three classes of promoter entry. The DBTSS and MGC
subsets were derived by in silico primer extension. The definitions of the sequence motifs were taken from.
The TATA and CCAAT box signals were searched for in sliding windows of 20 and 50 bp, respectively. Theses
profiles have been produced with the Signal search analysis server.

5'ESTs from the MGC project in light of the fact that
thorough quality checks showed that they are
profoundly advanced in full-length arrangements.
The information from the two sources were by the by
handled independently for reasons of
straightforwardness. In the preparing of the MGC
information, we began from the chromatograms as
we saw that the groupings saved in EMBL frequently
start a few bases downstream of the genuine 5'end
of the cDNA embed (which can be definitely
distinguished in the chromatograms). The recently
created advertiser sections coming about because of
in silico groundwork augmentation were exposed to
broad quality controls before they were
acknowledged for EPD. We initially took a gander at
the new TSS tasks of those advertisers that were at
that point in EPD. With not very many special cases,
the TSS positions inferred with the new and old
techniques were something similar inside test
mistake. As a subsequent test, we dissected the
event profiles of realized advertiser signals around
the TSS. A past report dependent on EPD prompted
the end that ~70% of human advertisers contain a
TATA box found ~27 bp upstream of the TSS. Another
advertiser component, the CCAAT box, was
discovered to be over-addressed in an enormous
upstream area of ~200 bases, with a pinnacle
recurrence at +80. We investigated the positional
dispersions of these two signals around TSSs in three
advertiser subsets: old sections, new passages
dependent on oligo-covered cDNA arrangements
from DBTSS and new passages dependent on MGC
ESTs. On the off chance that we accept that the
advertiser passages characterized by the three
distinct techniques all compared to genuine
advertisers, and that the TSS is resolved with a similar
exactness, then, at that point we would hope to see
the very same positional disseminations for the three

subsets. This is in fact the situation for the CCAAT
box. While the area and state of the three pinnacles
are to a great extent indistinguishable, the statures
are inconsistent. We clarify this by the plausible
reality that the advertiser subsets dependent on in
silico preliminary augmentation are enhanced in a
subclass of TATA-less, CpG-island-related advertisers
regular of plentiful and pervasively communicated
qualities. The condition that a TSS should be
recorded by somewhere around 10 cDNA 5'ends
rejects feebly communicated qualities with a
restricted tissue conveyance. By and large, we take
the sign event profiles confirmation that in silico
preliminary augmentation is similarly dependable
and exact in recognizing genuine record start locales
as customary techniques.

RESULTS

Conserved SA pairs

The quantity of SA sets with both delegate qualities
planned to Homolog Gene is 520 in human, 480 in
mouse, 25 in rodent and 427 in fly. Among them, 155
human SA combines additionally cross-over in
mouse, 129 of which keep up with a similar covering
design (120 merged sets, eight dissimilar sets, and
one interionic pair). The transcendence of the
focalized class among SA sets monitored among
human and mouse is reliable with a new report. This
error may show significance of 30 - untranslated area
(30 - UTR), which advance administrative
components perhaps engaged with antisense
guideline. We further recognized nine SA combines
that are moderated in human, mouse and rodent.
Just two of them, THRA/NR1D1 and MKRN2/RAF1,
were recently portrayed. The quantity of SA sets with
just a single delegate quality planned to
HomoloGene is 2475 in human, 1762 in mouse, 209
in rodent, 413 in fly, 69 in worm and 196 in chicken.
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Among them, utilizing the comparability models
portrayed in Materials and Methods, we discovered
another 158 human SA sets to be preserved in
mouse, 120 of which keep up with a similar covering
design. All the more strangely, 18 human SA sets, 10
mouse SA sets and 4 rodent SA sets are additionally
saved in chicken. Three SA sets, MSH6/FBX011,
POLR2B/IGFBP7 and RBM13/C8orf41 happen in
every one of the four vertebrate species and keep up
with a similar covering design ('Convergent'). Among
SA sets not planned to HomoloGene at all we utilized
the comparability measures to distinguish more
moderated SA sets between human, mouse and
rodent. Likewise, we recognized eight human SA sets,
four mouse SA sets and one rodent SA pair that are
preserved additionally in frog.

Abundance of different classes of SA pairs

A few past examinations detailed merged (tail—tail)
sets to be the dominating class of cis-NATs. The
united SA sets are overwhelming in fly, worm and
ocean spurt, yet not in human and mouse. This is
reliable with a new report yet not quite the same as
prior investigations Two elements may have added
to the beforehand over-assessed joined cis-NATs. In
the first place, some past examinations pick the
longest covering records without believing record
quality to be the delegate records. This permits more
EST Abundance of various classes of SA sets. A few
past investigations detailed concurrent (tail—tail) sets
to be the overwhelming class of cis-NATs. We tracked
down that joined SA sets are transcendent in fly,
worm, and ocean spurt, yet not in human and mouse.
This is predictable with a new report yet not quite the
same as prior investigations. Two variables may have
added to the already over-assessed merged cis-NATs.
In the first place, some past examinations pick the
longest covering records without believing record
quality to be the delegate records. This permits more
EST successions with 30 predispositions to be the
agent pair, which are bound to have tail—tail cross-
over. Second, the order frameworks utilized in
before examines are not as fine and complete, which
may bring about ambiguities.

Imprinted genes with antisense transcription
Cis-NATs have been involved as a significant
administrative instrument for engraving. We
analyzed the general bounty of SA qualities among
human and mouse engraved qualities. A sum of 47%
of the human engraved qualities in the IGC
information base is SA qualities, 16% are NOB
qualities and 37% are NBD qualities. In the three mice
engraved quality datasets, the level of SA qualities
goes from 24% (in view of the anticipated dataset in
Ensemble) to 37% (in light of the IGC dataset). In
these cases, engraved qualities are genuinely
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essentially advanced (c2 test P-esteem < 0.01) in SA
qualities. A particularly critical connection may
embody cis-NATs' jobs in genomic engraving and
allelic-explicit articulation. Reik and Walter assessed
that 15% of engraved qualities are related with
antisense records, while the Riken bunch as of late
refreshed this gauge to 81%. Our outcomes lie
between the two reports. One explanation that
might have caused the tremendous contrasts among
the past outcomes is that the Riken bunch included
both SA and NOB qualities as antisense records in
their estimation. In our outcomes the level of mouse
engraved qualities that are SA or NOB qualities
increments to somewhere in the range of 33% and
44%, contingent upon the engraved quality dataset
utilized. These numbers lie between the two limits of
the past two outcomes. The excess distinction can
somewhat be clarified by the diverse SA datasets
utilized in the various examinations or by a
perception bias, suggested that new endeavors to
discover engraved qualities have zeroed in explicitly
on antisense records, so excessively high rates may
be one-sided.

Feature selection and the performance of different
selected feature sets

To lessen the quantity of highlights and work on the
exhibition, the varSelRF bundle was utilized to
choose the enlightening features28 from all models
in Tables 1. The refreshed outcomes for the entirety
of the models dependent on the chose highlights are
given in Table 2. At the point when the exhibition of
models in Table 2 was contrasted and the
presentation of the comparing models in Tables 1,
wellness measurements, for example, ACC, MCC or
AUC were somewhat steady or improved, albeit the
quantity of highlights was remarkably more modest.
At the point when the quantity of highlights in Table
2 was contrasted and the highlights of the relating
models in Tables 1, just a little part of highlights were
significant for the ID of enhancers. Specifically, just
141 (~10%) highlights in the TF restricting theme
event include bunch were held without execution
decay. This outcome demonstrates that most of
highlights, even 80% or 90%, can be eliminated,
recommending that most highlights have little
impact on the ID of enhancers. At the point when we
analyzed the exhibition of all models in Table 2,
models dependent on the element bunches for
chromatin state, TF restricting theme event, the mix
of both chromatin state and TF restricting theme
event, and TF RPM generally showed better
execution. Among these 4 models, the model
dependent on the TF restricting theme event
highlight bunch utilized just arrangement data.
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Feature groups # of features Se Sp ACC McCC AUC
DNA property(l) 21 0.7734 0.6683 0.7209 0.4460 0.7943
TF binding motif 141 0.8473 0.9753 0.9113 0.8293 0.9698
occurrence (Il)
k-mers(lll) 463 0.5559 0.4912 0.5235 0.4724 0.5213
1+11 141 0.8545 0.9724 0.9135 0.8328 0.9711
1+111 22 0.7760 0.6669 0.7215 0.4456 0.795
1+ 160 0.8468 0.9776 0.9122 0.8316 0.9697
H+1V 69 0.9550 0.9500 0.9525 0.9050 0.9894
1+1+111 179 0.8533 0.9749 0.9141 0.8344 0.9711
H+H+IV 77 0.9537 0.9514 0.9525 0.9050 0.9894
[+11+IV 71 0.9519 0.9502 0.9511 0.9021 0.9891
1+1+T+IV 87 0.9183 0.9650 0.9417 0.8843 0.9891
TF RPM 24 0.9869 0.9735 0.9802 0.9605 0.9964

Table2. Performance of models built on different selected feature sets. | represent DNA property features;
Il represents TF binding motif occurrence features; Ill represents k-mer features; IV represents chromatin
state features; TF RPM represent the Reads Per Million mapped reads per base pair densities (RPM) of ChIP-

Seq data from 61 TFs.

The outcomes plainly showed that the model with
record factor restricting theme event highlights
accomplished an exhibition with an AUC of 0.9698,
which was practically identical to the presentation of
models with ChlIP-Seq-based highlights. This
outcome demonstrates that it is sensible to foresee
enhancers through grouping-based highlights alone.
The quantity of chose highlights in the model
dependent on the element gathering of TF restricting
theme event was 141. There are almost 1,900 known
TFs in humans29, and the vast majority of them are
saved in mice29. Notwithstanding, just a little part of
these TFs are significant in the ID of enhancers,
subsequently recommending that TFs are engaged
with extremely complex instruments with regards to
enhancer work. The model fusing the element
bunches for TF restricting theme event and
chromatin state showed the best presentation in
Table 3, accomplishing an AUC of 0.989 and ACC of
0.9525, except for the TF RPM model. This exhibition
was superior to that of any model for a solitary
component gathering, for example, TF restricting
theme event or chromatin state. Albeit the quantity
of highlights in the model dependent on chromatin
state was just 10, its exhibition accomplished an ACC
of 0.8905, MCC of 0.781 and AUC of 0.9159. These
outcomes demonstrate that chromatin state is
significant for the ID of enhancers. Moreover, the
guantity of highlights in the model dependent on the
combinational element gathering of TF restricting
theme event and chromatin state was a lot more
modest than the quantity of highlights in the model
dependent on the component gathering of TF
restricting theme event. These discoveries obviously
show a correlative impact between chromatin state

and TFs, which is reliable with a new distribution
expressing that enhancer not exclusively are an
assortment of TF restricting destinations vyet
additionally are improved in certain chromatin
statesl4. The entirety of the above outcomes
demonstrates that it is feasible to anticipate
enhancers based on a mix of TF restricting theme
event and chromatin state. Also, we applied the
varSelRF technique to choose enlightening highlights
as indicated by TF RPM signals. The exhibition of the
model with 28 chose TF RPM highlights accomplished
an ACC of 0.994, MCC of 0.998 and AUC of 0.9985.
Since a few TFs were likewise used to characterize
enhancers, for example, Oct4, Sox2, Nanog and
Med1 in past publications8,30, we rejected these 4
TFs, and the reconstructed model exhibited a
presentation accomplishing an ACC of 0.9802, MCC
of 0.9605 and AUC of 0.9964. The outcomes are
recorded toward the finish of Table 3. Among the
leftover 24 TFs, it ought to be noticed that p300 was
incorporated; in any case, the limiting destinations of
p300 are by and large viewed as enhancers19,31. In
this way, p300 was likewise prohibited, and the
model was remade with the excess 23 TFs. The
exhibition of this model accomplished an ACC of
0.9871, MCC of 0.9613 and AUC of 0.9966. These
outcomes inferred that enhancer are advanced in
numerous TFs, those utilized in past studies8,30 as
well as numerous others that are not completely
perceived. Besides, there is a lot of crosstalk
between various TFs. Once more, obviously just a
little part of TFs is significant in the ID of enhancers.
Besides, these chose TFs may have significant jobs in
enhancer work.
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DISCUSSION

The past biggest mRNA/EST-based dataset of SA sets
in  human was accounted for by Chen who
distinguished 2940 up-and-comer SA sets from
UniGene. We distinguished a bigger arrangement of
3915 SA sets in human. To guarantee that the
increment was not just because of the accessibility of
more mRNA and EST arrangements, we recreated the
information dataset utilized by Chen by utilizing just
arrangements submitted to GenBank before
December 31, 2003 (the UniGene rendition utilized
by Chen et al. was delivered on March 2004). To
guarantee nature of our applicant dataset we tried it
on the tentatively confirmed dataset. They had tried
25 loci in their applicant SA pair dataset utilizing
strand-explicit RT-PCR and had the option to confirm
23 loci. Our dataset incorporates 24 of the 25 loci
tried and 22 of the 23 loci confirmed. As this test
dataset was generally little, we utilized another
tentatively tried SA competitor dataset that was
accounted for by Yelin. They tried 275 loci utilizing
microarray and had the option to check 115. Our
dataset included 200 of the 275 loci tried and 86 of
the 115 loci confirmed. Accordingly, the quality
(22/24 or 86/200) of our applicant SA dataset is like
past examinations. Our dataset covers 82% of the
human SA qualities in Chen et al. furthermore, 74%
of those in Yelin. We explored why a portion of those
SA qualities announced by Chen and Yelin were not
covered by our dataset. The definite reasons are
recorded in Supplementary Table S6 and fall inside
three classifications: the new forms of UniGene and
the human genome succession are unique in relation
to those utilized in past investigations; a few records
can't pass our tough quality control for arrangement
and direction; and some SA qualities in the past
datasets now show up in our NOB or NBD groups
since they presently don't cover with their
accomplice records, or their accomplices were sifted
through. There are situations where the quality
control channel in our pipeline erroneously
eliminated great records. For instance, manual
investigation found that couple of qualities that were
eliminated on the grounds that they had intron >200
kb long was indeed genuine. There is a tradeoff
among inclusion and quality. By and large, the vast
majority of the records were sifted through for a
sensible reason to keep just excellent records. Most
cis-NAT examines use either BLAT or SIM4 to plan
mRNAs and ESTs to the genome arrangements. We
looked at BLAT and EST mapper (a refreshed
adaptation of SIM4) by utilizing them to plan all
human EST arrangements in UniGene to the human
genome and discovered BLAT and EST mapper to give
similar outcomes as to direction derivation, bringing
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about 96% indistinguishable record direction. Golden
Path accommodates download the BLAT planning
information for 32 species and this number keeps on
expanding. Utilizing the accessible BLAT planning
information in Gold Path as a beginning stage and
applying rigid channels to eliminate inconsistent
planning, we had the option to speed up our pipeline
essentially, empowering quicker output of different
entire genomes just as more continuous update of
the applicant SA datasets. Data of joining locales
utilized in our pipeline was created by the Polysindo
program, which considered just authoritative
grafting destinations, 'GT-AG'. Albeit other joining
destinations do happen, 'GT-AG' represents about
99% of all grafting intersections and non-accepted
joining locales are bound to be temperamental. Also,
because of the integrative idea of our pipeline,
records with non-sanctioned joining intersections
were regularly allotted the direction by different
confirmations, like mRNA, CDS, poly (A) sign or poly
(A) tail. One such model is displayed in
Supplementary. We utilized the blend of poly(A) sign
and poly(A) tail [a technique additionally utilized by
Chen as opposed to both of them alone as proof to
decide or negate a direction as their short
successions would show up at arbitrary in enormous
genomes, particularly poly(A) signals, which are
variable. The likelihood of one of the six poly (A)
signal themes happening in a 6mer is in the request
for 6*%(1/4), approximately two in a 1000 bp genomic
arrangement. Albeit this is a good guess, it
demonstrates how broad the poly (A) signal themes
can be in enormous genomes and along these lines
noticing poly (A) signal alone isn't significant proof to
decide or negate a direction. Poly (A) tail is more
averse to happen aimlessly [in the request for
(1/4)10 for a 10mer] and some past endeavors
utilized poly (A) tail as an autonomous proof for
record direction. In our human dataset, among every
one of the 1 928 285 ESTs whose direction was
controlled by joining locales (Criteria an in
'Recognizable proof of cis-NATs' in Materials and
Methods), just 1981 (0.1%) had poly (A) tail on the
contrary strand. Among each of the 161 487 ESTs
whose direction was controlled by the co-event of
poly (A) sign and poly(A) tail (Criteria b), just 237
(0.1%) had poly(A) tail on the contrary strand.
Regardless of whether we think about poly (A)
signals, just 2.7% of the situated ESTs have either
poly (A) sign or poly(A) tail on the contrary strand. In
the event that we utilized just the most solid poly (A)
signals AATAAA and ATTAAA, this rate would
additionally diminish to 1.6%. Among ESTs contained
in our SA groups, the rates were profoundly
comparable—0.1% of ESTs situated with joining
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locales had poly(A) tail on the contrary strand and
0.2% ESTs arranged with poly(A) sign and poly(A) tail
had poly(A) tail on the contrary strand. Also, in
practically all the above cases there existed different
arrangements to help the direction decided, for our
pipeline had rejected singletons lacking two
autonomous confirmations. In this way the precision
of the record direction dictated by our pipeline ought
to be high. One impediment of our pipeline is that we
characterize record groups by genomic covers, a
system likewise utilized in a few past endeavors.
Albeit this methodology assists with eliminating
excess ESTs, it risks erroneously grouping numerous
practically random segments together. Different
investigations have bunched just transcriptional
isoforms from similar hereditary loci in a similar
direction together, then, at that point recognized cis-
NATs by discovering covering groups on inverse
strands. In any case, this methodology is as yet not
liberated from drawing capacity inconsequential
qualities together and is more fitting for great full-
length cDNA however not EST arrangements. With
the augmented applicant SA datasets in human,
mouse and fly, and the new datasets in worm and six
different species, we had the option to reveal insight
into a portion of the clashing ends in past reports, for
example, plenitude of the unique SA class and the
practical predisposition of SA qualities. Besides,
applying the uniform recognizable proof pipeline to
both vertebrate (human and mouse) and
invertebrate (fly and worm) gives new data to the
connection be tween’s cis-NATs and X-inactivation
proposed by Kiyosawa. Moreover, examination
across various species additionally empowered us to
track down countless preserved SA sets, large
numbers of which (80%) even keep up with a similar
covering design. Some SA sets were preserved
between non-mammalian and mammalian
vertebrates. A particularly antiquated beginning and
the preservation of the covering example of the
sense and antisense records recommend that these
SA sets may have significant practical jobs in vivo and
might be intriguing contender for trial contemplates.
Note that even this extended dataset of rationed SA
sets is still a long way from complete for two reasons.
In the first place, numerous SA sets are not yet found
in species with deficient mRNA/EST information;
second, the HomoloGene data set and our similitude
measures can't cover every homologous quality. In
view of their covering design, we isolated the SA sets
into six classes, pooling together classes recently
recommended to have useful importance.
Spearheading concentrate by Lehner gathered SA
sets into four gatherings: 'Focalized', 'Dissimilar’,
'‘Contained' and 'Intronic'. 'Merged' SA sets will in
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general be related with administrative components
in 30 - UTR, which may influence mRNA strength;
'Different' SA sets may show co-directed covering
advertisers; 'Contained' and 'Intronic' antisense
records have been recommended to manage grafting
of the sense pre-mRNAs. The 'Complete' class was
proposed later because of its unique genomic plan
and high wealth. As a quality beginning upstream and
closes downstream of the other quality on the
contrary strand, the previous might be
corresponding to the advertiser district of the last
mentioned and along these lines had been
recommended to hinder the last's record inception.
At long last, the 'Other' class was proposed for those
SA matches that were 'hard to arrange'. As the six
classes of SA qualities seem to have diverse
utilitarian ramifications, we picked a particularly
itemized order diagram. New advancements, for
example, genome tiling cluster or high-density
exhibit have shown that the wealth of antisense
records in human and mouse might be a lot higher.
These exhibits can give a significant level profile of
conceivable SA loci. Albeit hugely important, these
potential loci, set apart by short tests 25-60 nt long,
still should be upheld by record groupings to be
valuable. Also, because of the significant expense of
genome tiling cluster and high-density exhibit, they
are accessible for just predetermined number of
species and openly accessible information are
uncommon. On the opposite EST/mRNA information
is the most plentiful wellspring of transcriptome
information for some species. In this way we accept
that EST/mRNA-based cis-NAT recognizable proof
will keep on being helpful, particularly when it very
well may be coordinated with cluster information.

REFERENCES:

1.  Erokhin, M., Vassetzky, Y., Georgiev, P. & Chetverina, D.
Eukaryotic enhancers: common features, regulation, and
participation in diseases. Cellular and Molecular Life
Sciences 72, 2361-2375 (2015).

2.  Pott, S. & Lieb, J. D. What are super-enhancers? Nat Genet
47,8-12 (2015).

3. Zhang, Y. B. et al. Chromatin connectivity maps reveal
dynamic promoter-enhancer long-range associations.
Nature 504, 306-+ (2013).

4.  Ishii, H., Kadonaga, J. T. & Ren, B. MPE-seq, a new method
for the genome-wide analysis of chromatin structure. Proc
Natl Acad Sci USA 112, E3457-E3465 (2015).

5. Espinoza, C. A. & Ren, B. Mapping higher order structure of
chromatin domains. Nat Genet 43, 615-U201 (2011).

6. Dixon, J. R. et al. Chromatin architecture reorganization
during stem cell differentiation. Nature 518 (2015).

7. Sudheer Menon (2020) “Preparation and computational
analysis of Bisulphite sequencing in Germfree Mice”
International Journal for Science and Advance Research In
Technology, 6(9) PP (557-565).

8. Sudheer Menon, Shanmughavel Piramanayakam and Gopal
Agarwal (2021) “Computational identification of promoter
regions in prokaryotes and Eukaryotes” EPRA International

International Journal of Pharmacy and Biological Sciences

Sudheer Menon*| 114
www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

©

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

Journal of Agriculture and Rural Economic Research (ARER),
Vol (9) Issue (7) July 2021, PP (21-28).

Sudheer Menon (2021) “Bioinformatics approaches to
understand gene looping in human genome” EPRA
International Journal of Research & Development (IJRD),
Vol (6) Issue (7) July 2021, PP (170-173).

Mansour, M. R. et al. An oncogenic super-enhancer formed
through somatic mutation of a noncoding intergenic
element. Science 346, 1373-1377 (2014).

Hnisz, D. et al. Super-enhancers in the control of cell
identity and disease. Cell 155, 934-947 (2013).
Miguel-Escalada, I., Pasquali, L. & Ferrer, J. Transcriptional
enhancers: functional insights and role in human disease.
Current Opinion in Genetics & Development 33, 71-76
(2015).

Shlyueva, D., Stampfel, G. & Stark, A. Transcriptional
enhancers: from properties to genome-wide predictions.
Nat Rev Genet 15, 272-286 (2014).

Sudheer Menon (2021) “Insilico analysis of terpenoids in
Saccharomyces Cerevisiae” international Journal of
Engineering Applied Sciences and Technology, 2021 Vol. 6,
Issuel, ISSN No. 2455-2143, PP (43-52).

Sudheer Menon (2021) “Computational analysis of Histone
modification and TFBs that mediates gene looping”
Bioinformatics, Pharmaceutical, and Chemical Sciences
(RILBPCS), June 2021, 7(3) PP (53-70).

Sudheer Menon Shanmughavel piramanayakam, Gopal
Prasad Agarwal (2021) “FPMD-Fungal promoter motif
database: A database for the Promoter motifs regions in
fungal genomes” EPRA International Journal of
Multidisciplinary research,7(7) PP (620-623).

Sudheer Menon, Shanmughavel Piramanayakam and Gopal
Agarwal (2021) Computational Identification of promoter
regions in fungal genomes, International Journal of
Advance Research, Ideas and Innovations in Technology,
7(4) PP (908-914).

Andersson, R. et al. An atlas of active enhancers across
human cell types and tissues. Nature 507, 455-461 (2014).
Yue, F. et al. A comparative encyclopedia of DNA elements
in the mouse genome. Nature 515, 355-364 (2014).

Zhu, Y. et al. Predicting enhancer transcription and activity
from chromatin modifications. Nucleic Acids Res 41,
10032-10043 (2013).

Kim, T. K. & Shiekhattar, R. Architectural and Functional
Commonalities between Enhancers and Promoters. Cell
162, 948-959 (2015).

Baumann, K. EPIGENETICS Enhancers under TET control.
Nature Reviews Molecular Cell Biology 15, 699-699 (2014).
Sudheer Menon, Vincent Chi Hang Lui and Paul Kwong Hang
Tam (2021) Bioinformatics methods for identifying
hirschsprung disease genes, International Journal for
Research in Applied Science & Engineering Technology
(IJRASET), Volume 9 Issue VIl July, PP (2974-2978).
Sudheer Menon, (2021), Bioinformatics approaches to
understand the role of African genetic diversity in disease,
International Journal Of Multidisciplinary Research In
Science, Engineering and Technology (IJMRSET), 4(8), PP
1707-1713.

Sudheer Menon (2021) Comparison of High-Throughput
Next generation sequencing data processing pipelines,
International Research Journal of Modernization in
Engineering Technology and Science (IRIMETS), 3(8), PP
125-136.

Sudheer Menon (2021) Evolutionary analysis of SARS-CoV-
2 genome and protein insights the origin of the virus,

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Int J Pharm Biol Sci.

Wuhan, International Journal of Creative Research
Thoughts (1JCRT), 9 (8), PP b696-b704.

Sudheer Menon, Vincent Chi Hang Lui and Paul Kwong Hang
Tam (2021) A step-by-step workflow of Single Cell RNA
sequencing data analysis, International Journal for
Scientific Research and Development (IJSRD), 9(6) PP 1-13.
Rajagopal, N. et al. RFECS: A Random-Forest Based
Algorithm for Enhancer Identification from Chromatin
State. PLoS Comput Biol 9 (2013).

Boyle, A. P. et al. High-resolution genome-wide in vivo
footprinting of diverse transcription factors in human cells.
Genome Res 21, 456-464 (2011).

Visel, A. et al. ChIP-seq accurately predicts tissue-specific
activity of enhancers. Nature 457, 854-858 (2009).

Lee, D. et al. A method to predict the impact of regulatory
variants from DNA sequence. Nat Genet 47, 955-961
(2015).

Sudheer Menon (2021) Computational characterization of
Transcription End sites in Human Genome, International
Journal of All Research Education and Scientific Methods
(IRESM), 9(8), PP 1043-1048.

Sudheer Sivasankaran Menon and Shanmughavel
Piramanayakam (2021) Insilico prediction of gyr A and gyr B
in Escherichia coli insights the DNA-Protein interaction in
prokaryotes, International Journal of Multidisciplinary
Research and Growth Evaluation, (IJMRD), 2(4), PP 709-
714.

Sudheer Menon, Vincent Chi Hang Lui and Paul Kwong Hang
Tam (2021) Bioinformatics tools and methods to analyze
single cell RNA sequencing data, International Journal of
Innovative Science and Research Technology, (IJISRT), 6(8),
PP 282-288.

Sudheer Menon (2021) Computational genome analysis for
identifying Biliary Atresia genes, International Journal of
Biotechnology and Microbiology, (1JBM), 3(2), PP 29-33.
Sudheer Menon (2021) Recent Insilco advancements in
genome analysis and characteristics of SARS-Cov2.
International Journal of Biology Research, (IJBR), 6(3), PP
50-54.

Fletez-Brant, C., Lee, D., McCallion, A. S. & Beer, M. A. kmer-
SVM: a web server for identifying predictive regulatory
sequence features in genomic data sets. Nucleic Acids Res
41, W544-W556 (2013).

Ghandi, M., Lee, D., Mohammad-Noori, M. & Beer, M. A.
Enhanced Regulatory Sequence Prediction Using Gapped k-
mer Features. PLoS Comput Biol 10 (2014).

Sudheer Menon (2021) Bioinformatics methods for
identifying Human disease genes, International Journal of
Biology Sciences, (IJBR), 3(2), PP 1-5.

Sudheer Menon (2021) SARS-CoV-2 Genome structure and
protein interaction map, insights to drug discovery,
International Journal of Recent Scientific Research, (IJRSR),
12(8), PP 42659-42665.

Sudheer Menon (2021) Insilico Insights to Mutational and
Evolutionary aspects of SARS-Cov2, International Journal of
Multidisciplinary Research and Development, (IJMRD) 8(8),
167-172.

Podsiadlo, A., Wrzesien, M., Paja, W., Rudnicki, W. &
Wilczynski, B. Active enhancer positions can be accurately
predicted from chromatin marks and collective sequence
motif data. BMC Syst Biol 7 (2013).

Taher, L., Smith, R. P., Kim, M. J., Ahituv, N. & Ovcharenko,
I. Sequence signatures extracted from proximal promoters
can be used to predict distal enhancers. Genome Biol 14
(2013).

International Journal of Pharmacy and Biological Sciences

Sudheer Menon*| 115
www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

