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What 1s bioinformatics ?

- Computational management & analysis
of biological data

- Coined by Paulien Hogeweg 1979

- 1980s 1n genomics and genetics

- Also called; Biocomputing, Systems biology
Computational biology




Aims

- To store maximum amount of data in the internet
- Efficient access/management of data
- Increase understanding of biological process

- Increase research efforts in the field




Why bioinformatics ?
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We have the sequence what does 1t
mean ?

ACGTACCGCA AAAGTCACGTAAATCGGGTAA
AACCGATACACGCCATATTGAGAAGICACGTAAC

AAATCGGGTAACGATACCGCCATATGTTAAGIC
ACGTAAATCGG ACGCCATATTGA

GAAGTCACGTAA3(( lettersiTAAAACCGATAC
AAACCGATACA AAGTCACGTAA
CTAAATCGGGTAAAACCGATACACGCCATATTG

AAGTCACGTAAATCGGGTAACCGATACACGCCA
ATTGAGAAGTCACGTAACTAAATCGGGTAAAAC




ACGCTACCCCAT TTAAMG TCACCTAAMICGLGTAAMMACCGATACACCCCAIAT TEAGAAG TCACGIAAC TAAM T CGLLTAACGATACCLCCATATGTTAAGTCACGIAAA ICLOGL TAACCLATACACGECATATTGAGA
AGTCACGTIAACTAAA T COGG TAAMMCCOGATACAAMCCCAACACGECA AT TGAGAAGTCACGIAACTAAICGLGIAAMACCGATACACGCCATATTGTIAGICACGIAA I CLLGGTANCCGATACACLLCATATT
CAGAAGTCACGTAACTAA T CGGG TAAAACACGTACCGCAT TTAAAGTCACG TAAMICGLLTAAMACCOGATACACGLCAIAT TGAGAAGTCACGIAACTAAM I CGLL TAACGATACCGECATA TG TTAAGTCACG A
ATCCLCEIAACCGATACACGOCATAT TGAGAAG T CACGIAACTAAA TCLOG TAAMMCCOATACAAMOCGATACACGECA AT TGAGAAGTCACGTAACTAMICGAG TAAACCGATACACGCCATA TG TAAGICA
CGTIAAMTCCGGTAACCCATACACGOCATAT TCAGAAGTCACCTAACTAMICGLG TAAAMCACGTACCGOAT TTAAAGTCACGTAAM I CLLA TAAMACCGATACACGOCAIAT TGAGAAGTCACGTAACTAA CGL
CIAACGATACCCCCATATGTTAAGTCACGIAAA I CCLGTAACCOATACACGCCATAT TGAGAAGTCACGIAACTAANTCGOGGTAAACCOATACAAACCGATACACGOCAIAT TGAGAAGTCACGTAACTAAAICGAA
ACCCATACACGCCCATAT TG TTAAG TCACGC IAAA T CLLG TAACCCATACACGCCATAT TGAGAAG TCACGTAACTAAL T CGLA TAAMACACGIACCOGOAT TTAAAGICACGTAAAICGLGTAMACCGATACACGCCA!
ATGAGAAG TCACGTAACTAAM T CCOGTAACCATACCGCCATATG T TAAGTCACGCTAA T COGLG TAACCCATACACGCCA AT TEAGAAGTCACGTAACTAAA L COLG TAAAACCGATACAAACCGATACACGLCCATY
CAGAAGTCACG IAACTAA T COLGL TAAAMCCGATACACGCCA AT TG TAAG TCACGTAAM T CLGL TAACCGATACACGCCATATTGAGAAG TCACGTAACTAAICOGLGTAAAACGIACCOOAT TTAAGTICACG
AMICGLG TAAMMCCGATACACGCCATAT TGAGAAG TCACGIAACTAAN TCOLGIAACGATACCLOCATATG T TAAGTCACG AN CGOGTAACCOGATACACCLCATAT IGAGAAGTCACGTAACTAAICGAG A
AMACCCATACAAACCGATACACGOCATAT TGAGAAGTCACGTAACTAM I CALLTAAAMCCGATACACGCCATATTGT TAAG T CACGTAAM T CLGL TAACCGATACACGCCA AT TEAGAAG TCACGTAACTAMICG
GCLIAMCACGCIACCGOAT TTAAAGTCACGCTAA TCLALTAAMCECGCATACACGOCA AT TEAGAAG TCACG IAMCTAA T COGLTAACCAIACCGOCATATGIIAAGICACGIAA  CGOG A CCGAIACACLCC
AATTGAGAAGTCACG IAACTAAN T CGGG TAAAACCCATACAAACCLATACACGOCA AT TGAGAAGTCACGIAACTAAMCGLG T AAMACCLATACACGECA AT TG TTAAGTICACGIAA I CLLG AN CCGATACA
CCCCATAT TGAGAAG TCACGTAACTAAN CGOAGTAAAACACGIACCGOAT TTAAAG TCACG AN COAGTAAACCOATACACGECATAT TGAGAAGTCACGTAACTAA T CGLGTAACGATACOGOCATAIG T TAA
GCICACG TAA T CGAGGTAACCGATACACGLCATATIGAGANG ICACG re e e AGAAGICACGTIAACTAAN T CGLGTAAMCCGAIACACLOCAIN TG
TTAAGTCACGTAAA TCGGG TAACCGATACACGCCATAT TGAGAAGT IAAN CGGGTAAMACCGATACACGCCATAT TGAGAAGTCACG TANC

TAAATCGCGTAACCATACCGCCCATATG T TAAGTCACG TAAN I CGLG AAACCCATACAACCGATACACGOCATAT TCAGAAGTCACG TAACT
AAMITCCGGTAMACCCATACACGCCAIAT TGTTAAGTCACGIAAA Y LGGTAAMMACACG TACCGCAT TTAAAG TCACGTAANICGGGTAANC
CCATACACGOCATAT TEAGAAGTCACGIAACTAAN ICLLG TAACGA e erS AATTGAGAAGTCACGTAACTAAN T CGGGTAAMACCGATACAAACC

GAIACACGCCATAT TGAGAAGTCACG TAACTAANTCGGG TAAAACG CGCCATAT TGAGAAGTCACGTAACTAAM CLLGTAAAACACGTACC
GCATTTAAMAGTCACG TAAAT CGOG TAAMCCGATACACGCCATAT I GICACGCTIAANTCOGOGGTAACCGAIACACGCCATATIGAGAAG T CACG
TAACTAAAICGGGTAMMACCGATACAAACCGATACACGCCATAT TGN - - s | TAAGTCACGCTAAA T CCLG TAACCGATACACGCCA AT TCAGAAGT
CACGCTAACTAAITCCGGTAMACACG TACCGCAT TTAAMGTCACGIAMITOGGGTAMACCGATACACGCCCATATTGAGAAGCTCACGTAACTAAMTCGLGGTAACGATACCLGCOATAIGTIAAGTCACGTAA I CLGGT
AAMCCGATACACCCCAIAT TGAGAAGTCACGC TAACTAAM I CGOGGTAAMMACCCATACAAACCOGATACACGOCATAT TGAGAAGTCACGTAACTAAM I CLOGTAAMMACCOCATACACGCCATATIGTTAAGICACGIAMIC
GGG IAACCCATACACGCCATAT TCAGAAGTCACG IAACTAAN I COLGTAAACACG TACCGCAT TTAAAG TCACGTAAL CGGLTAAMACCOATACACGLCAIAT TGAGAAGTCACGIAACTAAN ICGLG TAACGA
ACCGCCATATG T TAAGTCACGTAAATCGGL TAACCGATACACGCCA AT TGAGAAG TCACG TAACTAAN CLLGTAAMMACCGATACAAMCCGATACACGOCA A TRAGAAG TCACGTAACTAAN CLGLGTAAAACC
CATACACCOCATAT TGCTTAAGTCACG TAAA  CGLGTAACCGATACACGOCATAT TRAGAAG TCACGIAACTAA I CLGLTAAACACGTACCGOAT TTAAAGICACGTAA T CLAGTAAMCCGATACACGOCA AT
GAGAAGTCACGIAACTAAA I COGLTAACGATACCGCCATATGT TAAGTICACG IAAM T CGOG TALCCOAIACACGCCATAT TGAGAAGTCACGTAACTAAICGLGTAMACCGATACAAMCCOAIACACGCCAIAIG
AAGTCACCTAACTAAM T CCGG TAAAMACCGATACACGCCATATTGTTAAG TCACG TAAM T COGLGTAACCGATACACGOCATAT TGAGAAGICACGTAACTAA T CAGL TAAAAACCGATACACGOCATATIGAGANG
TCACGCTAACTAAN CGGGTAAMMACCOGATACAAACCGATACACGCCA AT TRAGAAGTCACGTAACTAMI CLAACCOATACACGLCATAT TG T TAAGTCACGIAAM CGLATAACCGATACACGLCATAT TGAGAAG
[CACCIAACTAAM  CGLGTAAMACACGIACCLOAT TTAMGTCACG IAMM I CLAGTAAMACCGAACACGCCAIAT TGAGAAGTCACGIACTAAM I CLAGG IAACGATACCCCCAIAMGTIAGICACG A CLLG
TAACCGATACACGCCATAT TEAGAAGTCACGIAACTAA I COLG TAAACCGATACAAACCOGATACACGLCA T TGAGAAG TCACGTAACTAA T CGLGTAAAACCGATACACCLCATATIGT TAAGICACGIAA G
GLCITAAMCCGATACACGCCAIAT TGAGAAGTCACGTAACTAAM T CGLGTAAMMCGIACCOOAT TTAAMGTCACGTAAM T CGLGTAAAMCCGATACACGCCAIAT TGAGAAGTCACGIAACTAAM CGGG TAACGAIAC
CLOCATATGTTAAGTCACG TAAICGAGTAACCOGATACACGCCCATAT TGAGAAG TOACGIAACTAMICGGGTAMACCOATACAAMCCOLATACACGECA AT TGAGAAGTCACGIAACTAAAICLLG TAAMAACCGA!
ACACGCCATAT TGCTTAAG TCACGTAAA T CLLGL TAACCOATACACGOCATA T TEAGAAG TCACGTAACTAAA T COLG TAAAACACGIACCLCAT TTAAAG TCACGIAAATCOLG TAAAACCGATACACGCCA A T TGAG
AAGTCACGIAACTAAM TOGGGTAAMCGATACCGCCATA TG TAAGTCACG TAAICOLLG TAACCLATACACGOCA AT TGAGAAG TCACGIAAC TAA T CLLLIAAAACCLGATACAAACCGATACACGCCAIAT TGAGA
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Not all genes are active
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Common activities 1n bioinformatics

1. Mapping & analysing DNA & protein sequences
2. Aligning and compare different DNA & protein sequence

3. Creating & viewing 3D modules of protein structure




Data classification

- Primary data:

Row/basic data eg. DNA or aa seq (building blocks)
- Secondary data:

arrangement of aa in a protein
- Tertiary data:

more complicated, related to 3D structure of proteins




Unait of information

- DNA (Genome)
- RNA (transcriptome)

- Proteins (Proteome)

- Or genetic, genomic and metabolic




DNA

- Simple seq analysis (database searching)
- Regulatory regions

- Gene finding

- Whole genome annotations

- Comparative genomics between species and strains




DNA

- Row DNA sequence;
coding or non-coding?

pares into genes?




Whole genomes

&




RNA

- Tissue specific expression
- Structure

- Single gene analysis

- Experimental data

- Micro-array and expression array analyses




Protein

- Proteome of an organism
- Mass specific

- 2D,3D 4D structures (interactions)




Other integrative data

- Metabolic pathways
- Regulatory networks
- Whole organisms phylogeny

- Environments, habitats, ecology




Applications

Medical

v understanding life process in healthy & disease states
v SNPs

- Pharmaceutical and biotech industry

v develop new drug or gene/structural base drug design
- Agricultural applications

v higher yields crops




Biological problems computers can
help with

* I cloned a gene - is it a known gene?

* Does the sequence match? Is the sequence any good?
* Does it look like anything else in the database?

* Which family does it belong to?

* How can I find more family members?

* T have an orphan receptor, how can I find its ligand?

* The gene I'm interested in was found in another
organism, but not mine. How can I look for it?
* T have linkage to a specific region on chromosome x,

how do I find genes in that region?




Biological problems computers can
help with

" My advisor wants me to construct a chimeric gene - how do
I plan primers? How do I check to know that I have the
right sequence?

I have an RNA sequence with poor expression and I'd like to
know its structure.

I have a protein sequence, how can I find out what it's
structure and/or function is?

How can I cluster protein sequences into families of
related sequences and develop protein models?

I'd like to align similar proteins (or DNA) and generate
phylogenetic trees.

How can I find out which other proteins my sequence
interacts with?




Software and tools

- Range from simple command-line to more complex programs

- Web-services available




Data bases

- 4 majors

1. Nucleotide data bases
2. Protein data bases

3. Whole genome data bases ENSEMBL

4. Specialized data bases




Nucleotide data bases INSDC

International Nucleotide Data Bank Collaborative

- EMBL

European molecular biology library (Germany)

- Gene bank. US
- DDBJ

DNA Data Bank in Japan

Collaborate by international Advisory Meeting




Protein data bases

- 3 majors-

1. Sequence (primary)

UniProt, SwisProt and PIR

2. Structure

PDB, SCOP

3. Interactions




Speclalized data bases

1. Inherited diseases data bases A JOI I\SHOPI\I\I
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2. Microarray data bases
The Victor A. McKusick Papers

Biographical Information

AlLDRosuments All Visuals

Victor McKusick (1921-2008) is widely coasidered to be the founding father of medical genetics. An imnovative clinician, medical
educator, and rescarcher, be established the first medical genetics program and clinic at Jokns Hopkins in 1957, conceived and compiled




OMIM

- Focuses on single-gene mendelian disease/disorders/phenotypes
eg. CF, Sickle cell anemia

- Complex diseases with significant single gene contribution
eg. Complement factor H and age related molecular degeneration

- Descriptions of recurrent deletion and duplication syndromes

eg. Potocki-Shaffer syndrome, chromosome 10q26deletion syndrome




OMIM (workshop)
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Search 08 Go

* Enter one or more search terms,

* Use Limits to restrict your search by search field, chromosome, and other entena
¢+ Use Index to browse terms found m OMIM records

* Use History to retnieve records from previous searches, of 1o combane searches

(CBI 1 implementing changes to belp you find current content in OMIM based on resources at
NCBI, and then directing you to ogun org. Please be aware that you will leave NCBI to view
OMIM records. Access to full records from NCBI (e.8. web, ftp, eutils) will no longer be
supported.

Allied Resources
The Jackson
Laboostory

Human Gene

Nomencisiue | OMIM* - Online Mendelian Inheritance in Man *

M
Rt

Enl
o8

ey e TIORT o e R T T S el S

B O B 0 B 0 B D D B 0 M B - BB B B B

OMIM Homepage & Credits: omim.org

*§ Select Language

8
Online Mendelian Inheritance in Man
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http://omim.org/
http://www.openhelix.com/OMIM

OMIM (workshop)

- You will learn about:

v'Basic search

v Phenotype result

v Genotype result

v Gene map information
v Advanced search

v Additional features

v Exercises




Primer design




Primer

- A strand of nucleic acid serves as starting point for DNA/RNA
synthesis

- Why it 1s required ??
- Polymerase start replication at 3’ end of the primer

- PCR and DNA sequencing




Primer design

- NCBI National Centre for Biotechnology Information
- Primer3

- Database of single nucleotide polymorphism dbSNP

- UCSC Genome Browser

- Ensemble Genome Browser




Primer design NCBI

- Tutorial

- Pri
o Primer-BLAST

» NCBI/ Primer-BLAST: Finding primers specific to your PCR template (using Primer3 and BLAST).

Reset page Save search parameters Retrieve recent results Publication Tips for finding specific primers
PCR Template

Enter accession, gi, or FASTA sequence (A refseq record is preferred) & Clear Range

From To

Forward primerl:l I:I & Clear
Reverse primerl:l I:l

Or, upload FASTA file

Primer Parameters

Use my own forward primer
(5'->3" on plus strand)

Use my own reverse primer
(5'->3' on minus strand)

PCR product size

# of primers to return




Primer design

« Points should be taken in consideration:

1. Mononucleotide repeats should be avoided (loop formation)
2. Avoid Primer dimer
3. reverse primer should be the reverse complement of the given seq

4. In TA cloning efficiency can be increased by adding AG tail to 3’ &
5 ends
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