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Mining Sequence Patterns in Biological Data

A A brief introduction to biology and b ioinformatics

>

Alignment of biological sequences
A GWAS Mining

A Summary
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The Structure of DNA

Rosalind Franklin, James D. Watson, Francis Crick
(1953)

Nucleotides (bases)
AAdenine (A)
AcCytosine (C)
AGuanine (G)
AThymine (T)

Complementary
Binding:

Sugar
Phosphate
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Genes (Eukaryote)

o) T A Gene: Contiguous subparts of single

strand DNA that are templates for
producing proteins. Genes can

appear in either of the DNA strand.

A Chromosomes: compact chains of
coiled DNA

Genome The set of all genesin a
given organism.

Cheon

f; A Noncoding part: The function of DNA
@g{ material between genes is largely
e ; ~7*""linknown. Certain intergenic regions
3} o | of DNA are known to play a major

role in cell regulation (controls the
production of proteins and their
possible interactions with DNA).
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Prokaryote

Biological Information: From
Genes to Proteins
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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 ><c gahd>n=>é KNRSé

Second base

UUUT_Phenyl- Ucu UAU : UGU . U
vucd alanine ¥ ucc UAC]—TyrosnneY UGC:I—Cysteme (&

UUA : UCA UAA Stopcodon | UGA  Stop codon (.
uuc]"‘e“c'"e L{l uce UAG  Stop codon | UGG _Tryptophan

(2]

cuuT CcuT CAU —— CGU
Guc —Leucine L. cec — Proline CAC:I-Hls“dme{_l £ac Arginine
CUA CCA P |cAa CGA

cuG cca CAG]‘G'“tami“‘b CGG

I ACUT AAU :I_ ” AGU :I_ .
Hisoleucine | ACC | . |AAC Aspar 298 | Acc Serine.§
ACA reonine
ethionine | ACG T ]— Lysine AGh :I— Arginine
tart codon 3 e g (om R

First base

aseq piyL

GCU7 GAU™_ Aspartic GGU

Gee _|GAClacid D |GGC | gy

L ycine
GCA Alamn?\ GAA7 Glutamic | GGA G
GCG_|

GAGl acd [, |GGG
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Eukaryotes

Startcodon  codons  poner site

ATGCCCTTCTCCAACAG.
Transcription
start

/

Promoter

Acceptor site

Exon

Intron

Poly-A site
Stop codon GGCAGAAACAATAAA.YE o 1=

IGATCCCCATGCCTGAGGGCCCCTC) f

3'UTR




From DNA to Protein

http://www.yourgenome.org/video
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From Amino Acids to Proteins Functions

CGCCAGCTGGACGGGCACACC
ATGAGGCTGCTGACCCTCCTG
GGCCTT lC TGé

TDQAAFDTNIVTLTRFVMEQ®G
RKARGTGEMTQLLNSLCTA\
AISTAVRKAGIAHLYGIAGST
NVTGDQVKKLDVLSNDLVIN'
LKSSFATCVLVTEEDKNAIIV
EPEKRGKYVVCFDPLDGSS!
DCLVSIGTIFGIYRKNSTDEP
SEKDALQPGRNLVAAGYALY
SATML

DNA / amino acid
sequence 3D structure

DNA (gene) Y Y Y pre-RNAY Y Y RNAY Y Y Protein

RNA-polymerase

METABOLISM OF
COMPLEX CARBOHYDRATES
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protein functions

Spliceosome Ribosome
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Molecule of the
= Month
% www.pdb.org

March 2008:

Cadherin

AAdhesive Proteins

ASelective Stickiness:
The red tyrosine
amino acid will
bind to Cadherins
on neighbouring
cells

Animated gifs from: proteinexplorer.org

Molecule of the
Month
www.pdb.org

November 2015:

Glutamate-gated Chloride
Receptors

AReceptors of Chloride lon
channels in nerve systems
of parasites like worms
ATargets for antibiotics,
because our own cells don't
use them




RAS: Cell Growth and Death.
RAS pathway

Neurosystem

Extracellular
Norepinephrine

DAG  Protein kinase C

: )
———»

(p120GAR, NF1) (SOS1/2, RAS GRPs
RAS GRFs)

(wsom)
LX)
@
@ = l

+ +

Survival Survival

ﬁ.ﬁ

Membrane
tratficking

Calcium
signalling

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

Neurotrophin
SAgN: p

GO Molecular Functions

.m binding
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of ribosome
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unfolded protein
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TF activity, nucleic
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ancer Other molecular
functions
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Pathways in cancer pathway

Sequencing

1953 Watson and Crick: the structure of the DNA
molecule

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

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

1965 Holley: reliably sequencing the yeast gene for
tRNAMa 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




Sequencing

1980 In the 1980s methods were augmented by
A partial automation

A 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: -Moorebs Law doubling transi st
- Here: doubling of #base pairs/person-year every 1.5 years

Bio - Data Sequencing

Recently (2007 2011/2012):

A new sequencing technologiesxt generation sequencing (NGS
or deep sequencing

A reliable sequencing df00x10 bp/personyear.

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

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

2017:

A Veritas Geneticsisesa lllumina HiSeqX Ten systemwith an
average coverage depth of 30X. Whole genome sequencing
10 weeks at a price of $999.

A (See http://www.nanalyze.com/2016/03/ddals-genome
sequencingeally-cost1000-now/)

2018:H i S esgcdessoNovaSep000 6Th <2 days (150b reads)




K. Schwarze J. Buchanan, J.C. Taylor, and S. Wordsworth, Are whole-
exome and whole-genome sequencing approachescost-effective? A
systematic review of the Literature, Genetics in Medicine, Volume 20,
Number 10, October 2018.

fi T h isik $tugies 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 datatransparently and many publications
did not state which components were included in cost estimates. 0
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Soon: 100$ Full Genome scan:

Cost per Genome

Moore's Law

National Human Genome
Research Institute

A 9
genome.gov/sequencingcosts v \
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From: https://www.genome.gov/sequencingcosts/
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Next Generation Sequencing Technologies
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A modified nucleotide is added to the complementary DNA strand by a DNA polymerase
enzyme.

A laser is used to obtain a read of the nucleotide just added.

The full sequence of a fragment thus determined through successive iterations of the
process.

A visualization of the matrix where fragment clusters are attached to flow cells.
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