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Outline of the presentation

» Introduction

» Gene

» Central dogma of molecular biology
» Protein

» MicroRNA
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Organism

*« Donot have a
nucleus.

* They are cells
in bacteria.

* Some of the
DNA is outside
the cell.

* reproduce
asexually or

throught
binary fission,

# They have a
nucleus

» Cells found in
animals,
plants, fungi,
and protists.

» They are much
larger than
Prokaryotes.

* Reproduced
throught cell
division.
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Phylogeny of organisms

number of genes
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Chromosome

Chromosame
Chramatid Cheomatid
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Sequence data

+Ve strand 5'

-Ve strand 3
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Nucleotides & sugar phosphate
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Open problems

» Aligning multiple DNA/RNA/Protein sequences (multiple
sequence alignment is an NP-hard problem)

» Finding the conserved sequences for drug design (closest
substring finding is an NP-complete problem)

» Sequence analysis of short length RNAs (length margin)
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Microarray profiling
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Snapshot of expression data

Gene [ID| t1 | 2 | €3 | t4 | 5 | t6 | &7
Gl |.2 1.9 24 3.2 .1 57 74

G2 .. 32 39 44 53 3 78 95

G3 I 2.1 32 62 73 8.5 3.7

GI000 ... 22 3.1 6.3 5.3 82 25 43
Gl 1.2 1.6 |.8 .| I 2 1.3 4 2 .|
G2 cee L 1.5 1.3 1.8 2.1 .| .| .| 2.3 |.5
G3 e 12 |.7 1.8 .1 2 .1 2.1 0.8 .1 1.9
G100 cee 2.1 1.6 |.7 1.4 23 27 28 29 .3 2.1
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Open problems

» Study on intronic regions (lack of data)

» Methylation pattern analysis of genes (scarcity of large-
scale data)

» Proper framework for co-expression, contra-expression,
differential co-expression, co-expression dynamics (lack of
mathematical analysis)
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Central dogma of molecular
biology
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Transcription

IntrodicingMlranscription
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Translation

[ntroducing:Mlransiation
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Promoter

Transcription start site

Translation Translation Transcription
initiation termination termination
Binding sites site site site

NVZINVZINVZA\ V/A\VZ/ANV/ANV/ANV) ANV/A\

= v 7 N R e . g ’
Promoter region 5" UTR Intron I Exon2 Intron 2 3" UTR
N’ ~ P -
Exon 1 Exon 3
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Types of promoters

» Core promoter
RNA polymerase binding site (within | kb from the upstream)

Transcription start site
- Pol | transcribes genes encoding rRNA
- Pol Il transcribes genes encoding mRNA, miRNA, etc.
- Pol lll transcribes genes encoding tRNA, short RNAs, etc.

» Proximal promoter

Transcription factor binding site (within 2-3 kb from the upstream)

» Distal promoter

Specific transcription factor binding site (within 10kb from the
upstream)
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Gene ontology
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p-value

min(e,N) (e) (E—t?

p-value = Z i

1=n (ﬁ)
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Open problems

» Transcription termination protocol (lack of information)

» Quantifying the biological significance of a gene cluster
(proper mathematical framework is lacking)
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Types of proteins

» Structural

Keratin, Actin, Fibrillin, etc.

» Functional

Ciliary neurotrophic factor, Erythropoietin, etc.

» Enzymes

Oxidoreductases, Transferases, Hydrolases, etc.
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Protein structure

32

Primary structure
amino ackd saquance

Secondary structure
regular sub-structures

hemogictin

i N P13 protain
Tertiary structure

three-dimensional structure

Quaternary structure
complex of protein molecules

ISS, MIU, ISI Kolkata

July 29,2010



Nature Precedings : doi:10.1038/npre.2012.7121.1 : Posted 3 Apr 2012

Open problems

» Drug design (the only approach is hypothetical analysis)

» Host-viral protein interaction network analysis for
diseases (lack of data for many diseases)
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MicroRNA
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RNA tree
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Biogenesis of miRNAs

36

Protein-coding gene '

Pol Il Transcription
Pol Il Transcription of pri-miRNA
rosh
‘:V
MGPPG
’ri- mJRN

“Ran G
xporﬁni TD

NUCLEUS

_/

CYTOPLASM

Dicer’ [FIRNA-mIRNA* duplex il
‘qu’TRB

/ Vo
TITITOT TOOrramT

ISC assembly
\
mRNA
Perfect Complementarity
mRNA { i ‘
Imperfect Complementarity Youtub e

ISS, MIU, ISI Kolkata  July 29,2010



http://www.youtube.com/watch?v=V9fAz3zsQhI

Nature Precedings : doi:10.1038/npre.2012.7121.1 : Posted 3 Apr 2012

Regulation
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Open problems

» Regulation of miRNAs by transcription factors (lack of
proper information fusion)

» The transcriptional protocol for different categories of
miRNAs (scarcity of data)
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