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Mining Sequence Patterns in Biological Data

Â A brief introduction to biology and b ioinformatics

Â Alignment of biological sequences

Â GWAS Mining

Â Summary
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The Structure of DNA
Rosalind Franklin, James D. Watson, Francis Crick 

(1953)

Nucleotides (bases)

ÅAdenine (A)

ÅCytosine (C)

ÅGuanine (G)

ÅThymine (T)

Complementary 

Binding:

ÅT ïA 

ÅA ïT

ÅC ïG

ÅG - C
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Genes (Eukaryote)

Â Gene: Contiguous subparts of single 

strand DNA that are templates for 

producing proteins.  Genes can 

appear in either of the DNA strand.

Â Chromosomes: compact chains of 

coiled DNA

Â Genome: The set of all genes in a 

given organism.

Â Noncoding part: The function of DNA 

material between genes is largely 

unknown.  Certain intergenic regions 

of DNA are known to play a major 

role in cell regulation (controls the 

production of proteins and their 

possible interactions with DNA).
Source: www.mtsinai.on.ca/pdmg/Genetics/basic.htm 
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E.Coli Genome
Prokaryote

6

Biological Information:  From 
Genes to Proteins

Gene
DNA

RNA

Transcription

Translation

Protein Protein folding

genomics

molecular 

biology

structural 

biology

biophysics
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1. Transcription of TCAG to UCAG

2. Splicing (exons, introns)

3. Translation of triplets (codons) to Amino Acids                                  
Open Reading Frame (ORF): <start> <codon><codon>é<end> -> KNRSé
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Eukaryotes
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From DNA to Protein
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http://www.yourgenome.org/video
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DNA / amino acid

sequence 3D structure                       protein functions 

DNA (gene) ŸŸŸ pre-RNA ŸŸŸ RNA ŸŸŸ Protein

RNA-polymerase Spliceosome Ribosome

CGCCAGCTGGACGGGCACACC

ATGAGGCTGCTGACCCTCCTG

GGCCTTCTGé

TDQAAFDTNIVTLTRFVMEQG

RKARGTGEMTQLLNSLCTAVK

AISTAVRKAGIAHLYGIAGST

NVTGDQVKKLDVLSNDLVINV

LKSSFATCVLVTEEDKNAIIV

EPEKRGKYVVCFDPLDGSSNI

DCLVSIGTIFGIYRKNSTDEP

SEKDALQPGRNLVAAGYALYG

SATML

From Amino Acids to Proteins Functions
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Molecule of the 
Month 

www.pdb.org

Animated gifs from: proteinexplorer.org

March 2008:

Cadherin

ÅAdhesive Proteins

ÅSelective Stickiness: 

The red tyrosine 

amino acid will 

bind to Cadherins 

on neighbouring 

cells

Molecule of the 
Month 

www.pdb.org

November 2015:

Glutamate-gated Chloride 

Receptors

ÅReceptors of Chloride Ion 

channels in nerve systems 

of parasites like worms

ÅTargets for antibiotics, 

because our own cells don't 

use them
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Malumbres M, Barbacid M. Nat Rev Cancer. 6: 459-65, 2003.
Aoki Y et al. Hum Mutat. 29: 992-1006, 2008

Neurosystem

RAS: Cell Growth and Death.

The Cell
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Sequencing

1953 Watson and Crick: the structure of the DNA 
molecule

Ý DNA carrier of the genetic information, the challenge of 
reading the DNA sequence became central to biological 
research. 

Ý methods for DNA sequencing were extremely inefficient, 
laborious and costly.

1965 Holley: reliably sequencing the yeast gene for 
tRNAAla required the equivalent of a full year's 
work per person per base pair (bp) sequenced            
(1bp/person year).

1970 Two classical methods for sequencing DNA 
fragments by Sanger and Gilbert.
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Sequencing

1980 In the 1980s methods were augmented by 
Â partial automation
Â the cloning method, which allowed fast and exponential replication 

of a DNA fragment. 

1990 Start of the human genome project: sequencing 
efficiency reached 200,000 bp/person-year.

2002 End of the human genome project: 50,000,000 
bp/person-year. (Total cost summed to $3 billion.)

Note: - Mooreôs Law doubling transistor count every 2 years
- Here: doubling of #base pairs/person -year every 1.5 years

Bio -Data Sequencing

Recently (2007 ï2011/2012):

Â new sequencing technologies next generation sequencing (NGS) 
or deep sequencing

Â reliable sequencing of 100x109 bp/person-year. 

Â NGS now allows compiling the full DNA sequence of a 
person for ~ $10,000 

Â within 3-5 years cost is expected to drop to ~$1000.

2017:

Â Veritas Genetics usesa Illumina HiSeqX Ten system with an 
average coverage depth of 30X. Whole genome sequencing in 8-
10 weeks at a price of $999. 

Â (See http://www.nanalyze.com/2016/03/does-full -genome-
sequencing-really-cost-1000-now/)

2018: HiSeqôssuccessor NovaSeq6000 6Tb <2 days (150b reads)
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K. Schwarze, J. Buchanan, J.C. Taylor, and S. Wordsworth, Are whole-
exome and whole-genome sequencing approaches cost-effective? A 
systematic review of the Literature, Genetics in Medicine, Volume 20, 
Number 10, October 2018.

ñThirty-six studies met our inclusion criteria. These publications 
investigated the use of whole exome sequencing (WES) and 
whole-genome sequencing (WGS) in a variety of genetic conditions in 
clinical practice, the most common being neurological or 
neurodevelopmental disorders. Study sample size varied from a single 
child to 2,000 patients. 
Cost estimates for a single test ranged from 
$555 to $5,169 for WES and from 
$1,906 to $24,810 for WGS. 
Few cost analyses presented data transparently and many publications 
did not state which components were included in cost estimates.ò

From: https://www.genome.gov/sequencingcosts/

Soon: 100$ Full Genome scan!
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Next Generation Sequencing Technologies

(1) A modified nucleotide is added to the complementary DNA strand by a DNA polymerase 
enzyme. 

(2) A laser is used to obtain a read of the nucleotide just added. 
(3) The full sequence of a fragment thus determined through successive iterations of the 

process. 
(4) A visualization of the matrix where fragment clusters are attached to flow cells.


