Institute for Advanced Studies in Basic Sciences — Zanjan
Department of Computer Science and Information Technology

. | . — ¢ \ - .
v ’ ‘ ‘ o LN ) = K- = ’Jf.\
- - &, 8 . 2 !
LA

e | . e
5.. " & . o= . - - <
AT 4 , .
&7 s> é
5.5 3
Biological NﬂtWﬂ"(S q7
An introduction IS PR
. . \
e -
b 1z .\;’;
,‘ / /
: i-j"b : /’/ d
part] -t
. ’* .
— B B '. ;;" - : -
Mahdi Vasighi X7 %,
° ’ 2
3 . ' ‘i e 5 ’

By: Mahdi Vasighi



Institute for Advanced Studies in Basic Sciences — Zanjan

By: Mahdi Vasighi

. Department of Computer Science and Information Technology

If transcription and translation were only dependent on random
collisions thousands, if not millions, of times within the nucleus
(transcription) and at ribosomes (translation), there would be no cell
differentiation and organisms would be shapeless and lack structure.

The latest estimates are that a human cell, a eukaryotic cell, contains
approximately 35,000 genes.

* housekeeping genes are expressed in all cells all the time.
« Some are expressed all the time in only those cells that have differentiated in a

particular way.

* Some are expressed only as conditions around and in the cell change. For example,
the arrival of a hormone may turn on (or off) certain genes in that cell.

The gene must have Exon; start signals; stop signals; regulatory control elements



Institute for Advanced Studies in Basic Sciences — Zanjan

By: Mahdi Vasighi

Department of Computer Science and Information Technology

cis element
1 A 1
5 \ 3
enhancer proximal basal Coding Sequence (CDS)
N )
Y
Promoter

» The basal (core) promoter: provides recognition and binding sites for the RNAP |I
and is located about 40 base pairs (bps) from the start of the gene. It is typically
contains a sequence of seven bases (TATAAAA, the ‘TATA box’).

» Proximal promoter tends to contain primary regulatory elements

» Enhancer (and/or Silencer) serve to activate or repress transcription.

» promoters and enhancers form a DNA sequence, called a cis element, which is
recognized by regulatory proteins, called a trans element. .

» This still leaves the question of where the first trans element comes from.
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Chromatin-remodeling
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Gene Regulatory Network

+ Gene regulatory networks (GRNSs) are the on-off
switches of a cell operating at the gene level.

Step 1 Step 2 Step 3
r—— . ,_l_.k &
'{ _.f/ \_‘
) = ()
+ = U/
genes BXArEsEiaon products of gene
contral BXQrESSian

+ Two genes are connected if the expression of
one gene modulates expression of another one
by either activation or inhibition
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Gene Regulatory Network

If B then NOT D
If C then D

|
Gene A Gene B Gene C

DOOGEEEEDOOETT

If A and B then D
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Gene Regulatory Network

Why Study GRNs?
+ (Genes are not independent
= They regulate each other and act collectively;

= This collective behavior can be observed using
microarray

¢+ Some genes control the response of the cell to

changes in the environment by regulating other
genes

¢ Potential discovery of triggering mechanism
and treatments for disease
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. sequence story

Schematic representation of the five omics technologies
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Biological networks

Different types of information can be represented in the
shape of networks in order to model the cell

my

Metabolites

O Proteins/Genes

Protein-protein interactions

Gene regulation

— —+  Cell signalling

e Metabolism

\ Genetic interactions

https://www.ebi.ac.uk/training/online/course/network-analysis-protein-interaction-data-introduction/networks-cell-biology-summary-0
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Biological networks

Different types of information can be represented in the
shape of networks in order to model the cell
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https://www.ebi.ac.uk/training/online/course/network-analysis-protein-interaction-data-introduction/networks-cell-biology-summary-0
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Biological networks

Different types of information can be represented in the
shape of networks in order to model the cell
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https://www.ebi.ac.uk/training/online/course/network-analysis-protein-interaction-data-introduction/networks-cell-biology-summary-0
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Biological networks

http://www.biomedcentral.com/1471-2105/14/S8/S10

You et al BMC Bioinformatics 2013, 14(Suppl 8):510
hitt poffwaw.biomedcentral.com/1471-2105/14/58/510
BMC

Bioinformatics

PROCEEDINGS Open Access

Prediction of protein-protein interactions from
amino acid sequences with ensemble extreme
learning machines and principal

component analysis

Zhu-Hong You' ", Ying-Ke Lei’", Lin Zhu®, Junfeng Xia®, Bing Wang’

from The 2012 International Conference on Intelligent Computing (ICIC 2012)
Huangshan, China. 25-29 July 2012

Abstract

RBackaround: Frotein-orotein interactions (PPl blav crucizl roles in the evecution of various cellular orocesses a2nd
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Appl Bioinformatics 2006; 5 (2): 77-88

BIOMEDICAL GENOMICS AND PROTEOMICS A 7 BAaaOA/0002 C677 590 96,0

@ 2004 Adis Data Information BV, All rights reserved.

Machine Learning for Detecting
Gene-Gene Interactions

A Review

Brett A. McKinney,'” David M. Reif,'* Marylyn D. Ritchie' and Jason H. Moore>34>#

1 Department of Molecular Physiology and Biophysics, Center for Human Genetics Research, Vanderbilt University Medical
School, Nashville, Tennessee, USA

2 Computational Genetics Laboratory, Department of Genetics, Dartmouth Medical School, Lebanon, New Hampshire, USA
3 Department of Community and Family Medicine, Dartmouth Medical School, Lebanon, New Hampshire, USA

4 Department of Biological Sciences, Dartmouth College, Hanover, New Hampshire, USA

5 Department of Computer Science, University of New Hampshire, Durham, New Hampshire, USA

6 Department of Computer Science, University of Vermont, Burlington, Vermont, USA

Abstract Complex interactions among genes and environmental factors are known to play a role in common human
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1-Letter Code 3-Letter Code Name
1 A Ala Alanine _ Seven Codes for Ambiguity or Exceptional Amino Acids
2 R Arg Arginine 1-Letter Code 3-Letter Code Meaning
3 N Asn Asparagine B Asn or Asp Asparagine or aspartic acid
4 D Asp Aspartic acid J Xle Isoleucine or leucine
] c Cys Cysteine 0 (letter) Pyl Pyrrolysine
6 a Gln Glutamine U Sec Selenocysteine
7 E Glu Glutamic acid Z Gin or Glu Glutamine or glutamic acid
8 G Gly Glycine X Xaa Any residue
9 H His Histidine
10 | lle Isoleucine . .
> . ™ Leucine A protein fragment defines as the
12 K Lys Lysine succession of its constituent amino
. . o s acids, listed in order from the
15 : Pro Proline N-terminus to the C-terminus.
16 s Ser Serine
17 T Thr Threonine
18 W Trp Tryptophan
19 ¥ Tyr Tyrosine
20 v Val Valine

by IUPAC (International Union of Pure and Applied Chemistry)
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DNA Sequences

1-Lei

L
L2
L
L
L
LA
X

1-Letter Code Nucleotide Base Name Category

A Adenine Purine

C Cytosine Pyrimidine

G Guanine Purine

U Uracil Pyrimidine

N Any nucleotide Purine or Pyrimidine
R AorG Purine

Y CorU Pyrimidine

- e None (gap)

By convention, the primary structure of a DNA or RNA
molecule is reported from the 5' end to the 3' end.
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Biotechnelogy Infermation

Sign in to NCBI

NCBI Home Welcome to NCBI
Resource List (A-Z)

Popular Resources

The National Center for Biotechnology Information advances science and health by providing access to biomedical  PubMed

Ml Besmaces and genomic information. Baokshalf
Chemicals & Bioassays About the NCBI | Mission | Organization | Research | RSS Feeds PubMed Central
Data & Software PublMed Health
DNA & RNA BLAST
Get Started Nucleotid
Domains & Structures . Hucleotide
: + Tools: Analyze data using NCBI software Genome
Genes & Expression ¢ [Downloads: Get NCBI data or software
Cenalics & Medicine « How-To's: Learn how to accomplish specific tasks at NCBI ShF
+ Submissions: Submit data to GenBank or other NCEBI databases Gene
Genomes & Maps
Pratein
Homology
i = PubChem
Literature . —
: Genomic Structural Variatio
Proteins
Sequence Analysis dbVar archives large scale genomic NCEBEI Announcements

variation data and associates defined

Taxonomy variants with phenotypic information.

Mew version of Genome Workbench

. . available
Training & Tutorials 08 Sep 2012
Wariation n 1 2 3 4 5 6 7 8 An integrated, downloadable application
Forinmmnme and anab e mamsnan daba

MNCBI's July Newsletter is on the
Bookshelf

Introduction to the 1000 Genomes
Drcnsmimeme Mobblada Mitatinm Blamamae aed
Mew Microbial BLAST Page

Mow easier to use and with the familiar
format and features of the standard NCBI
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& NCBI Resources ) How To (¥

Sign in fo NCBI

Search NCEBI databases Help

fnsulin human

Results found in 38 databases for "insulin human"

Literature Genes
Books 3.128 books and reports EST 3,899 expressed sequence tag sequences
MeSH 1 ontolegy used for PubMed indexing [ Gene 11,526 collected information about gene loci ]
NLM Catalog 197 books, journals and mare in the NLM Collections GEO DataSets 17 functional genomics studies
PubMed 67,350 scientific & medical abstracts/citations GEO Profiles 2,095,273 gene expression and molecular abundance profiles
PubMed Central 210,691 full-text journal articles HomoloGene 68 homologous gene sets for selected organisms
sequence sets from phylogenetic and population
Health PopSet 6 studies
ClinVar 847 human variations of clinical significance UniGene 35 clusters of expressed transcripts
dbGaP 1,338 genotype/phenotype interaction studies Proteins
GTR 45 genetic testing registry
MedGen 5 medical genetics literature and links Conserved Domains 52 conserved protein domains
OMIM 901 online mendelian inheritance in man Protein 8,665 protein sequences ]
PubMed Health 577 clinical effectiveness, disease and drug reports Protein Clusters 0 sequence similarity-based protein clusters
Structure 1,077 experimentally-determined biomolecular structures
Genomes
Chemicals
Assembly 133 genome assembly information
BioProject 412 biological projects providing data to NCEBI BioSystems 3.527 rrLoIeclula:r pathways with links to genes, proteins and
chemicals
BioSample 258 descriptions of biclogical source materials A . . . .
PubChem BioAssay 18,960 bicactivity screening studies
Clone 140 genomic and cDNA clones o ) . . )
chemical information with structures, information and
dbVar 4,842 genome structural variation studies PubChem Compound 18 links
Epigenomics 19 epigenomic studies and display tools PubChem Substance 587 deposited substance and chemical information
Genome 1.386 genome sequencing projects by organism
4

GSS

gename surnvey sequences
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Protein

Species
Animals (7,468)
Plants (5)
Fungi (67}
Bacteria (166)
Archaea (4)
Viruses (4)
Customize ...

Source databases
PDB (1,875)
RefSeq (3,183)

UniProtkB / Swiss-Prot (911)

Customize ...

Genetic
compartments

Mitochondrion (1)

Sequence length
Custom range...

Molecular weight
Custom range...

Release date
Custom range...

Revision date
Custom range...

Clear all

Show additional filters

Protein Protein
Protein Advanced
FASTA = Send to: =
Summa
insulin [Homo sapiens] R

ltems: GenBank: AAA59172.1
GenPept Identical Proteins  Graphics

>gi|386828|gb|AAA59172.1| insulin [Homo sapiens]
MALWMRLLPLLALLALWGPDPAAAFVNQHLCOSHLWVEALYLYVCGERGFFYTPKTRREAEDLQVGQVELGG
GPGAGSLOPLALEGSLQKRGIVEQCCTSICSLYQLENYCH

= &

—

1
Aci

CenPept  Idenfical Proteins FASTA  Graphics More...

insulin [Homo sapiens]

2. 110 aa protein Find related data =
Accession: AAASS1721 Gl 386328 Database: | Select v

GenPept Identical Proteins FASTA Graphics

Insulin [Homo sapiens]
3. 110 aa protein

Accession: AAHO5255.1 Gl 13528924 Search details -
GenPept Identical Proteins FASTA Graphics

insulin[Al]l Fields] AND ("Homo sapiens™
[Organism] OR human[All Fields])

insulin. gartial Home sagiens

4. 94 aa protein
Accession: AEGT19452 1 GI: 333826819 P
GenPept Identical Proteins FASTA Graphics

Search See more...

insulin [Homo sapiens

5. 107 aa protein
Accession: AAAS9179.1 Gl 307072 Recent activity
GenPept Identical Proteins FASTA Graphics Turn OFf Clear

. . . Q, insulin human (B665)
insulin [Homo sapiens Protein

6. .
110 aa protein Q@ insulin human AND (alive[prop]) (11464)
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Retrieving Protein Sequences
http://www.expasy.org/

| »

[+ EXPASY

Biocinformatics Resource Porta

Home Ahout Contact

E]LJEWIAII databases j || x search help
Visual Guidance ExPASyY is the new SIB Bicinformatics Resource Portal which provides access to scientific databases and Popular resources
software tools in different areas of life sciences including prateomics, genamics, phylogeny, systems biolagy,

- population genetics, transcriptomics etc. (see Categories in the [eft menu). On this portal you find resources from i UniProtkB
proteomics many different SIB groups as well as external institutions. & SWISS-MODEL
genamics o= STRIMNG
structural bicinfarmatics e PROSITE

Featuring today
systerms biology

phylogenyievalution EIMMo

: i Browse miRkA target predictions fram the Latest News [~
population genetics EIMMa algatithm
transcriptomics [details] Protein Spotlight: life's tremors -
blophysics Destruction is sometimes necessary
imaging L for life to continue. ... More.

IT infrastructure A q
New resource in genomics -

drug design
A nev resource (ZFN-Site) to search
How to use this portal? genomes far specific target sites and
offtarget sites, such as for pairs of zinc
Links/Documentation o Mew features finger proteins (ZFPs). hore details on
o Mew to ExPASyY the website of ZFN-Site.

= Experienced ExPASy users: what is different
[More neses] [SIB newws)
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EXPASY

Biocinformatics Resource Porta

Home Ahout Contact

query I All databases j I x search help

proteomics ]
= Individual resources:

Visual Guidance ExPASyY is the new SIEENZYME Portal which provides access to scientific databases and Popular rescurces

software tools in differ GF’F;SSE luding protecmics, genomics, phylogery, systems biology,
- population genetics, tre m' it " ries in the |eft menu). On this portal you find resources from i UniProtkB

proteamics many different SIB grou oA ns. § SWISS-MODEL

genamics OpenFlu -~
OrhaDE e STRIMG

structural bioinformatics PROSITE e PROSITE

systerns hinlogy Protein Spotlight
Selectome

phylogenyievolution STRIMNG

. ! SWISS-20PAGE A Latest News B
PO GEmEiE SWISS-MODEL Repository nextprot--
transcriptomics SwissDock Protein Spotlight: life's tremors -
. i Swigshar

LlbvSIcs UniPraothB Destruction is sometimes necessary

imaging WiralZons - far life to continue.... More.
World-2DPAGE Repository =

IT infrastructure A q
New resource in genomics -

drug design
A nev resource (ZFN-Site) to search
How to use this portal? genomes far specific target sites and
offtarget sites, such as for pairs of zinc
Links/Documentation o Mew features finger proteins (ZFPs). hore details on
o Mew to ExPASyY the website of ZFN-Site.

= Experienced ExPASy users: what is different
[More neses] [SIB newws)
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Results

Filter by

10 Mapping

# Columns

insulin chimpanzes

F. Download

«1to25c0f 305 p

Help  Contact

Shiowe

e
f& Reviewed (22}

Swizs-Prot

n Entry | EEntry name - Protein names Gene names Organism Length .

Unreviewed (283) ] QECZKE IMSLS_PAMTR & Insulin-like peptide INSLS INSLS Pan troglodytes (Chimpanzee)

TrEMBL

[ QECZKE IMSL4_PAMTR L Early placenta insulin-like INSL4 Pan troglodytes (Chimpanzee 139
Popular Q A 5. o :ridpe glodytes (Chimp )
organisms s

e H .

PAPHA (1) ] P30410  INS_PAMTR & Insulin INS Pan troglodytes (Chimpanzee) 110
P&NPA (2) — -

[ ] QECZK3 IMSL3I_PAMTR ﬁ Insulin-like 3 INSL3, RLF Pan troglodytes (Chimpanzes) 131
PAMTR (298) o
Pan troglodytes [ A2T756 PDRXI1_PANTR L Pancreas/duodenum PDX1, IPF1 Pan troglodytes (Chimpanzee) 283
troglodytes (1) e ,

homeobox protein ...
F t lodyt .
(;')” e [ ALYGES POXI_PANPA M Pancreas/duodenum PDX1, [FF1 Pan paniscus (Pygmy 283
homeobox protein ... chimpanzee) (Bonobo)

Search terms [ HZR3ITO HZRITO_PANTR Insulin-like growth factor 1 IGF1 Pan troglodytes (Chimpanzee) 196
Filter "chirmpanzes" as: {Somat...
author (232) . .

[ HEQII4  H2Q114_PANTR Insulin receptor substrate 1 IRS1 Pan troglodytes (Chimpanzes) 1,241
organisim (3007
taxonomy (300 [ H20ID&  H2QID6_PAMTR Insulin-like growth factor IGFBP5 Pan troglodytes {Chimpanzes) 27z
Filter "insulin" as binding ...
gene ontology (241) [ H2QFRY H2OFRI_PANTR Insulin-like 3 INSL3 Pan troglodytes (Chimpanzee) 131
protein family (273
protein name (289 | H2ZEFKE H2ZRTEL_PANTR Insulin-degrading enzyme IDE Pan troglodytes (Chimpanzes) 1,019
V|eW by [ | HEQIDE H2QIDE_PANTR Insulin-like growth factor IGFBP2 Pan troglodytes (Chimpanzes) 325
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BLAST align Retri ) Mapping
P30410 - ins_panTR
Protein Insulin
Gene INS
Qrganism Pan trogiodytes (Chimpanzee)

s . .
Status I f& Reviewsd - @@@®®. Experimental evidence at protein level®

Display None | WBLAST

|=lFormat | @ Add to basket @ History ¥ Feedback £ Help video

Function’

Inzulin decreases blood glucose concentration. It increases cell permeability to monosaccharides, amino acids and fatty acids, It accelerates
glycaolysis, the pentose phosphate cycle, and glycogen synthesis in liver.

50 - Biological pr.:u:essi

EY & BIDTECH pactivation of protein kinase B activity @ source: Ensernbl pacute-phase response @ source: Ensernbl
palpha-beta T cell activation @ source: Enzermbl pfatty acid homeostasis @ source: Enzambl
pglucose homeostasis @ source: Ensermbl pglucose metabolic process @ source: UniProtkB -k
pglucose transport @ source: Ensernbl »G-protein coupled receptor signaling pathway @ source: Ensembl

iy, IR prot orguniprot P 30010

pMAPK cascade @ source: Ensernbl

»riegative regulation of acute inflammatory response @ source: Ensermbl

»riegative regulation of fatty acid metabolic process @ source: Ensembl

»niegative regulation of feeding behavior @ source: Ensembl rregative regulation of glycogen catabolic process @ source: Ensembl
pniegative regulation of MAD{PH oxidase activity @ source: Ensermbl rriegative regulation of protein catabolic process @ source: Ensembl
rnegative requlation of protein oligomerization @ source: Ensembl rrnegative regulation of protein secretion @ source: Ensembl
rnegative requlation of proteolysis @ source: Ensembl

priegative regulation of respiratory burst involved in inflammatory response @ source: Ensembl

ppositive regulation of cell proliferation @ source: Ensermbl ppositive regulation of cytokine secretion @ source: Ensembl

ppositive regulation of DMA replication @ seurce: Ensembl ppositive regulation of glucose import @ source: Ensembl

ppositive regulation of glycogen biosynthetic process @ source: Ensembl
ppositive regulation of glycolytic process @ saurce: Ensermnbl

sulin receptor signaling pathway @ source: Ensernbl
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A sequence in FASTA format begins with a single-line description, followed by lines of
sequence data. The description line is distinguished from the sequence data by a greater-

than (">") symbol in the first column. It is recommended that all lines of text be shorter than
80 characters in length.

E. coli dUTPase protein sequence in FASTA format.

>sp|P64007|DUT_ECO57 Deoxyuridine 5'-triphosphate
nucleotidghydrolase ©S=Escherichia coli O157:H7 GN=dut PE=3 SV=1
MKKIDVKN.DPRVGKEFRLPTYATSGSAGLDLRACLDDAVELAPGDTTL
VPTGLAIHIADPSLAAMMDPPRSGLGHKHGIVLGNLYGLIDSDYQGQLMI
FTIQPGERIAQMIFVPVVQAEFNLVEDFDATDRGEGG

Protein

existence
SWISS-PROT Gene name

accession Organism

Sequence Version Number
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Transfer—Messenger RNA
Damaged messenger RNA poses a double danger to cells. If a messenger RNA is truncated, it will be
missing its stop codon, so it will encode a faulty, truncated protein. Also, ribosomes get stalled at the
end of these truncated messages and are unable to release the mRNA and move on to the next protein
synthesis job. Bacteria possess an ingenious molecular method for solving both of these problems at the
same time, that destroys the faulty protein and releases the ribosome all at once.
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Bacterial Hemophores
Our bodies are filled with iron: iron in hemoglobin colors our blood bright red and iron is used as a
chemical tool in many cellular proteins. Altogether, we have several grams of iron scattered through our
cells. Surprisingly, howewer, lack of iron often limits the growth of pathogenic bacteria infecting our
bodies. This is by design: our bodies have evolved to guard their store of iron, so the amount of free
iron circulating through the body is vanishingly small. PSI biology researchers are exploring the proteins
that pathogenic bacteria use to gather scarce heme groups, and the iron ions they carry.
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