Computational
Biology




Course topics & objectives

Computational biology

How to use computers to analyze biological
data.

Activities
o CSI-Zoo Crime Unit --- Have a BLAST
o Protein Modeling




What is
computational
biology?
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Presenter
Presentation Notes
Computational biology, also known as bioinformatics, is the application of computer science to find relations in biological data.


What about DNA sequencing?

Human Genome

o More than 3 billion base
pairs

o 25,000 to 30,000 genes

Bacterial Genomes

o Between 1 million and 5
million base pairs

o 1,000 to 5,000 genes




What do we do with the data?

All this data is stored in very large databases, such
as NCBI

o 1.2 quadrillion basepairs of sequence data

o Representing many thousands of animal, plant,
bacteria, and viral specimens

< § NCBI
D

National Center for

Biotechnology Information




Computational
techniques can
help us
understand and
organize large
volumes of
genetic data.

Next generation
sequencing

@ Quality
control and
alignment

@ Variant detection

Filtering and
prioritization

(®) Biochemical and
molecular validation,

@ Clinical application: diagnosis, genetic
counseling, targeted treatment




Comparing sequence information

Seq_1 ATCGGGGGT
Seq_ 2 ATGGGAGT

l

Seqg 1 ATCGGGGGT
Seq_2 AT---GGGAGT
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Presentation Notes
Computational tools can help scientists to look at data and visualize their comparisons.


What do these sequences tell

seq_1
seq_2
seq_3
seq_4
seq_>5
sea_b
seq_/
seq_8

you?

ATCGGGTGCTGCTGCTGGGCGCTGCGGCTGCGTGCGC
ATGGGCGCGTCGTCTGGGGGTTGTCTGGGTCGTGCTT
ATCGGGCTGGCGGCTGCGTGTGTGGGCTGTTGCGTCG
ATGGGTGCGTCGCTGGGCTTGCTGGGGGCGTCTGGTG
ATGGGCGCGTCGTCTGGGGGTTGTCTGGGTCGTGCTT
ATCGGGTGCTGCTGCTGGGCGCTGCGGCTGCGTGCGC
ATGGGCGCGTCGTCTGGGGGTTGTCTGGGTCGTGCTT
ATCGGGTGCTGCTGCTGGGCGCTGCGGCTGCGTGCGC
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Presentation Notes
The sequences tell you that each DNA sample came from a unique source as the sequences are all different.
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Panda was found dead; it’s heart was removed. Brutal!


CSI- ZCU activity

What are the DNA sequences?
o BLAST the DNA sequences

o Determine which DNA sequence belongs to primary
suspect

Who did it?

o Align the DNA evidence sequences with those of all
suspects




CSI- ZCU activity B

BLAST — basic local alignment tool
o http://blast.ncbi.nlm.nih.qgov/Blast.cqi

o Allows for comparison of sequences of interest with a
huge database of known sequences

>sequence
AAGAAAGATCTGGCTGCCATGCTGAGAATAATCAATGCTAGGAAGGAGAAGAAGAGACGAGGCGCAGAAA
CTAGTGTCGGAATTGTTGGCCTCCTGCTGACCACAGCTATGGCAGCGGAGGTCACTAGACGTIGGGAGTGC
ATACTATATGTACTTGGACAGAAACGATGCTGGGGAGGCCATATCTITTCCAACCACATTGGGGATGAAT
AAGTGTTATATACAGATCATGGATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGC
TGGATGAGGGGGTGGAACCAGATGACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGG
AACCTGCCATCACAAAAAAGGTGAAGCACGGAGATCTAGAAGAGCCGTGACGCTCCCCTCCCATTICCACT
AGGAAGCTGCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATACACAAAGCACTTGATTAGAGTCG
AAAATTGGATATTCAGGAACCCTGGITTTCGCTTTAGCAGCAGCTGCCATCGCGTGGCTTTTIGGGAAGCTC
AACGAGCCAAAAAGTCATATACTTGGTCATGATACTGC



http://blast.ncbi.nlm.nih.gov/Blast.cgi

Example of BLAST results

Distribution of the top 100 Blast Hits on 100 subject sequences &
Mouse over to see the title, click to show alignments

Color key for alignment scores
W =40 Wao-50 W s0-80 W s0-200 W ==200
1 100 200 300 400 500
©Descriptions
S 1 = ucil _,ﬂ'gliﬁ "-
Select: All None Selected:0
it Alignments o
S M. Total Qi E :
Description et e Ident | Accession
score  score cover value
[ Zika virus strain FPI15263/PERUL oreta/2016 polyprotein gene. complets cds 1105 1105 100% 0.0 100% KY693679.1

) Zika vires sirain FPI15198/PERUL 16 polyprotei 105 1105 100% 0.0 100% Ky693678.1
[ Zika virus isolate ZIKViHomo sapiensiColombia2016/ZC1925e polyprotein gene, complete cds 1105 1105 100% 0.0 100% KY3179371

[0 Zika virus isolate MEXAnDRE/Sm/2016, complete genome 105 1105 100% 0.0 100% KU922960.1



Presenter
Presentation Notes
Screen shot of NCBI BLAST


CSI-ZCU activity

Align all sequences - DNA

o http://www.ebi.ac.uk/Tools/msa/muscle/

o Determine how two or more sequences are related

seq_1 GCAGGGCGGCACCAAGCTGGTGAAGGACTTAC
seq_2 GCAGGGCGGCCTGGTGAAGCACTTAC

seq_1 GCAGGGCGGCACCAAGCTGGTGAAC

seq_2 GCAGGGCGGC—————-CTGGTGAAC

&

CTTAC
CTTAC
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This example is showing that seq-2 has a deletion and a differing nucleotide when compared to seq_1

http://www.ebi.ac.uk/Tools/msa/muscle/

Proteins —
the cellular
workhorse




Proteins — the cellular workhorse

Proteins mediate virtually all cellular functions
o Cellular Structure
o Transport across membranes
o Response to cellular environment
o Receptor ligands
o Energy metabolism

Movement



Presenter
Presentation Notes
Transport across membranes: Import of nutrients, export of waste
Receptor Ligands, eg. Hormones
Movement- muscle contraction


How Dbig is a protein molecule?
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Proteins — molecular machine

ry
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http://mm.rcsb.org/

Structure of proteins

Primary protein structure
is sequence of a chain of aming acids

o Proteins are composed
of 20 different amino
acid

___ Pleated shest Alpha helix

occurs whan tha saguance of amino acids
are linksd by hydrogen bonds

" Secondary protein structure

o There are four levels of
protein structure

~_ Pleated sheet
Tertiary protein structure
ocours whan cariain atractions are pressnt
between alpha helicas and pleatad shaats

= Alpha helix

Quaternary protein structure
is B profein coneistng of mors than one
amina acid chain.




Structure of proteins
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Hands on activity

Go to http://www.ebi.ac.uk/pdbe/

Type 2HYY in the search box.

Click on 2hyy.

Click on 3d-visualization.

In “Polymer Visual -> Type” pulldown menu - choose surface.
Rotate with left mouse click. Zoom in and out with right mouse
click.

You will see four BCR-ABL protein molecule. Rotate and try to
locate the drug Gleevec. You can change the “HET Groups
Visual -> Type” to VDW Balls to see the drug better.

Play with other display option from “Polymer Visual -> Type”
pulldown menu.

Change “Water Visual -> Type” to VDW Balls to see the Oxygen
atoms of the Water molecules around the protein molecule.
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Gleevec is an anti-cancer drug used to treat Chronic Myelogenous Leukemia (CML). Gleevec binds to the BCR-ABL protein molecule stopping its ability to trigger cells to grow and reproduce out of control.

http://www.ebi.ac.uk/pdbe/
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