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At the end of this lecture you should be able to:

e define the terms bioinformatics

e explain the scope of bioinformatics

e describe web-based versus command-line approaches to
bioinformatics.

e define the types of molecular databases

* define accession numbers and the significance of RefSeq
identifiers

e describe the main genome browsers and use them to study
features of a genomic region

* use resources to study information about both individual genes
(or proteins) and large sets of genes/proteins.



Definitions

Bioinformatics

Research, development, or application of computational tools
and approaches for expanding the use of biological, medical,
behavioural or health data, including those to acquire, store,
organize, archive, analyse, or visualize such data.

Computational Biology
The development and application of data-analytical and
theoretical methods, mathematical modelling and computational

simulation techniques to the study of biological, behavioural, and
social systems.

http://bio.libretexts.org/Core/Biochemistry/Proteins/Bioinformatics, Computational_Biology and_Proteomics



Bioinformatics generally looks at macromolecules

Central dogma of molecular biology

cellular
DNA —_— RNA  — in —p
s phenotype
Central dogma of genomics
. cellular
genome —— transcriptome —— proteome ——> phenotype

RNA —— protein

FIGURE 1.1 A first perspective of the field of bioinformatics is the cell. Bioinformatics has emerged
as a discipline as biology has become transformed by the emergence of molecular sequence data. Data-
bases such as the European Molecular Biology Laboratory (EMBL), GenBank, the Sequence Read
Archive, and the DNA Database of Japan (DDBJ) serve as repositories for quadrillions (10%) of nucle-
otides of DNA sequence data (see Chapter 2). Corresponding databases of expressed genes (RNA) and
protein have been established. A main focus of the field of bioinformatics is to study molecular sequence
data to gain insight into a broad range of biological problems.

Pevsner J. Bioinformatics and Functional Genomics 3rd Edition Wiley-Blackwell 2015
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Growth in DNA sequence deposition
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How much information in DNA?

bit 7 6 5 4 3 2 1 0
27 26 2> 24 23 22 2t 20

value 128 64 32 16 8 4 2 1

5 Say we have 8 different information states B-D-Glucopyranosyloxymethyluracil (base J)

Bioinformatics, Stellenbosch University



How much information in DNA?

Every bp = 4 bits

Human genome = ~3 billion bp
= 4x3x10°

=1.2x10%% bits

=1.5x10° bytes

~1.4 GB of information

This amount of information is contained in a cell nucleus with 10um diameter
There is ~2m of DNA in every somatic human cell

Each human in composed of about 1012 cells

Thus every human contains 2x10'2 m of DNA

=2x10°km of DNA

Distance from the sun to Uranus = 2.8 x10°km

Each single human contains enough DNA to stretch from the sun to Uranus



Levels of application of bioinformatics

Ribosome
/ Rough endoplasmic reticulum A

Mitochondrion
g Plasma membrane

Cytoplasm ] ) Cell coat

time of region of
Lysosome development body
Y \J
" Nucleus
o © . Nucleolus
Smooth endoplasmic 77 Chromatin ; - :
reticulum 4 Nuclear pore : ——— e
Free ribosome C;a\alg?bu;:yar envelope - .-
ol physiological or H
pathological state o rga nism
ARKARYA
cell [ |
BACTERIA ARCHAEA EUKARYA

IS 9 tree of life

et Empostn rmatics, Stellenbosch University

UNIVERSIT



Bioinformatics software: point-and-click or command line

Web-based or
graphical user interface (GUI)

Command line (often Linux)

" Software for data
analysis: sequences,
~ proteins, genomes

Central resources
(NCBI,

EBI,
DDBJ)

Programming

GUI software Manipulate languages: BioPerl,
Genome browsers \ = [(Partek, MEGA, A5ta filas Python, R,
(NCBI, UCSC, RStudio, Biopython
Ensembl) BioMart,

IGV)

Galaxy
(web access
to NGS tools,
browser data)

Next generation
sequencing tools

Pevsner J. Bioinformatics and Functional Genomics 3rd Edition Wiley-Blackwell 2015



The Bioinformatics world is Linux

Many bioinformatics tools and resources are available
on the command-line interface

These are often on the Linux platform (or other Unix-
like platforms such as the Mac command line). They
are essential for many bioinformatics and genomics
applications.

Most bioinformatics software is written for the Linux
platform (Python, Java, C, C++).

Many bioinformatics datasets are so large (e.g. high
throughput technologies generate millions to billions
or even trillions of data points) requiring command-
line tools to manipulate the data.

You cannot open/manipulate most bioinformatics
datasets in MS Excel!



International Nucleotide Sequence Database Collection

(nternatinnal Nucleotide Sequence Database Collaboration [INSD@

(GenEank)...._....‘ ENA | e ‘DDBJ|

DMA Data Bank of Japan
Pevsner J. Bioinformatics and Functional Genomics 3rd Edition Wiley-Blackwell 2015




National Centre for Biotechnology Information (NCBI)

Access via web browser, @trez system (40 molecular and literature databas@
NCBI E-Utils, EDirect

: Sequence Read
( GenBank )(Trace Archwe) (Archive {SF{A))

Nucleotide Genome Survey Expressed Sequence
Sequences (GSS)] \ Tag (EST)

Pevsner J. Bioinformatics and Functional Genomics 3rd Edition Wiley-Blackwell 2015



European Bioinformatics Institute

(EBI genomics resources)

Ensembl Ensembl Genomes European Nucleotide European Genome-
(vertebrate) (invertebrate metazoans, Archive (ENA) Phenome Archive (EGA)

fungi, plants, bacteria)

Access via web browser,
BioMart, Perl APls

: Seqguence Read
(EMBL—Bank) (Trac:e Archwe) (Archive (SRA) )

Pevsner J. Bioinformatics and Functional Genomics 3rd Edition Wiley-Blackwell 2015




DNA Database of Japan

( DDBJ )

Trad Sequence Read BioProject
Archive (SRA) BioSamples

Pevsner J. Bioinformatics and Functional Genomics 3rd Edition Wiley-Blackwell 2015
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Sequence data magnitudes

Base pairs Unit Abbreviation Example

1 1 base pair 1 bp

1000 1 kilobase pair 1 kb Size of a typical coding region of a gene
1,000,000 1 megabase pair 1 Mb Size of a typical bacterial genome

107 1 gigabase pair 1Gb The human genome is 3 billion base pairs
1012 1 terabase pair 1Tb

1075 1 petabase pair 1Pb
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Bytes
Kilobytes
Megabytes
Gigabytes

Terabytes

Petabytes

Exabytes

Sequence file magnitudes

Abbrev-

iation

-- 1 Single text character

1 kb 103 Text file, 1000 characters

1 MB 106 Text file, 1m characters

1GB 10° Size of GenBank: 600 GB

1TB 1012 Size of 1000 Genomes Project:
<500 TB

1PB 1015 Size of SRA at NCBI: 5 PB

1EB 1018 Annual worldwide output: >2 EB

Bioinformatics, Stellenbosch University



Taxa represented in GenBank (at NCBI)

Ranks Higher taxa Genus Species Lower taxa Total

Archaea 143 140 525 0 808
Bacteria 1,370 2,611 13,331 819 18,131
Eukaryota 20,443 67,606 297,207 22,608 407,864
Fungi 1,550 4,620 29,450 1,128 36,748
Metazoa 14,670 45,517 145,044 11,428 216,659
Viridiplantae 2,622 14,680 113,529 9,789 140,620
Viruses 618 442 2,349 0 3,409
All taxa 22,603 70,806 313,443 23,427 430,279

http://www.ncbi.nlm.nih.gov/Taxonomy/txstat.cgi



Types of data in databases

Databases

A TER N A  CHNEET T }chromosome Genome

dbVar

GenBank
SRHA
Genomic dbGSS
DNA dbHTGS
UniSTS
dbSNP

Exon 1 ‘ Exon 2 Exon 3

Precursor
mRNA

dbEST
UniGene
GEOQ profiles
GEO datasets

UniProt
Protein Data Bank
Conserved Domain Database

Pevsner J. Bioinformatics and Functional Genomics 3rd Edition Wiley-Blackwell 2015
Bioinformatics, Stellenbosch University




Central bioinformatics resource: NCBI

NCBI (with Ensembl, EBI, UCSC) is one of the central bioinformatics sites. It
includes:

e PubMed

* Entrez search engine integrating ~40 databases
e BLAST (Basic Local Alignment Search Tool)

* Online Mendelian Inheritance in Man

* Taxonomy

* Books

* many additional resources



What is an accession number?

An accession number is a label used to identify a sequence. It is a string of letters
and/or numbers that corresponds to a molecular sequence.

Examples:

CH471100.2 GenBank genomic DNA sequence
NC_000001.10  Genomic contig
rs121434231 dbSNP (single nucleotide polymorphism)

Al687828.1  An expressed sequence tag (| of 184)
NM_001206696 RefSeq DNA sequence (from a transcript)

NP_006138.1 RefSeq protein
CAAI18545.1 GenBank protein
014896 SwissProt protein

IKT7 Protein Data Bank structure record
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Accessing NCBI via the web

https://www.ncbi.nlm.nih.gov/gene

Gene

Show additional

Gene
SOUTCES
Genomic

Categories
Altamatively spliced
HEWENTRY
Protein-coding
Pseudogens

Sequence
conbent
CCDs
Ensemb
RafSeq
RafSegGena

Status
Current only

Chromoso...
locations

Salect
Clear all

Show additional
filters

[Gene =] |beta globin

Save search  Advanced

Display Settings: (| Tabular. 20 per page, Sorted by Relevance

Resuits: 1 to 20 of 113

Mama/Gena ID = Description

™ HBE
ID: 3043

I" hbgi
ID; 394453

T hbgl
ID: 734881

[ Hbb-bh1
ID: 15132

hemoglabin, beta
[Homo sapiens
(human)]

hemoglabin

gamma &
[Xenopus (Siurana)
tropecalis (western
clawed frog]]

hemoglobin,
gamma A
[Xenopus leevis
(African clawed
frog)]

emoglobin £,
bata-like embryonic
chain [Mus
musculus (housa
mouse)]

hemoglabin
gamma G [Gailus
gallug (chickan)]

Page Ii_ of B Mext =

Location

Chramasame 11,
NC_000011.10
(5225466 5227071,
complement)

NW_004668244 1
(BO116737. 60118249)

Chromosome 7,
NC_D00073.6
(103341638.. 103843162,
complemant)

Chromosome 1,
NC_008088 3
(193724299 193725801)

Help
Send to: Filters: Manage Filters
w Top Organisms [Tree]
Ly 3 Homa sapiens (39)
— Mus musculus (27]
Aliases b | Rattus novegicus (6]
CoNRC, 1 Danio reria (£}
beta-globin Bos taums (5
All othar taxa [30)
More
beta-globin,
:E::hh:"ﬁ;1 Find related data =
' Database: | Select =l
beta-globin,
hbb1, hbga,
hipgr. h 1
ogr. hegl Search detalls -
peta globin[All Fields]
betaH1
Search See more...
HBB, HBD,
HBE1

Search

Recent activity

F
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NCBI Gene: example of query for beta globin

Gene

Gene I0: 3043, updated on
= Summary

Official Symbol
Official Full Name
Primary source
Sew welated

Gena typa
RefSeq status
Organism

Lineage

Also known as
Summary

Digplay Settings: (| Full Repart

My NCBl Sign Out

HBE hemoglobin, beta [ Homo sapiens (human) ]

16-Apr-2013

HBB providsd by HEHC

hemoglobin, beta provided by HGNC

HGHC- 4827

Ensemid ENSG00000244734, HPRD. 00736, MIM. 141900, Vieys OTTHUMGO00000888TE
protain cading

REVIEWED

Home sapiens

Eukaryota; Metazoa, Chordata; Cramata, Vertebrata, Euteleostomi; Mammaha; Euthena;
Euarchontoglires. Primates; Haplorrhini; Catarrhini: Hominidae;, Homo

CO113t-C; beta-globin

The alpha (HBA) and beta (HEB) loci determine the structure of the 2 types of polypeptide
chains in adult hemoglokin, Hb A. The normal adult hemoglobin tetramer consists of two
alpha chains and two beta chaing. Mutant beta globin causes sickle cell anemia. Absence

of beta chain causes beta-zero-thalassemia. Reduced amounts of detectable beta globin Rulatod information B
causes beta-plus-thalassemia. The order of the genes in the beta-globin cluster is 5-apsilon Order cDNA. clone
- gamma-G — gamma-4 — delta - beta-3". [prowided by RefSeq, Jul 2008] 30 structures
BioAssay
= Genomic context % 7| BioAssay, by Protein Target
P
Location:  11p15.5 Sse HBB in Egiganomics. Mapisner >
Sequence:  Chromosome: 11; NC_000011.9 (5246696..5248301, complement) BioSystems
Books
Chromosome 11 . NC_000011.9 CCDs
[Seaed p [ Sadaszz
Chin\/ar
ORFIEY ORELYL LLLE HEEF1
k Conserved Domains J

Send to: (%)

Search

Help

Table of contents L
Summary
Genomic conlext

Genomic regions, transcripts, and

products
Bibliography
Phenatypes
Interactons
Fathways

Gemneral gene wiformaltion
Markers, Related pseudogene(s),
Homaology, Gene Ontalogy

General protein information
Refarence saquences
Related sequences
Additional links

Bioinformatics, Stellenbosch University
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NCBI Protein: hemoglobin subunit beta

S NCBI R
Protein Proten v
Limits  Advanced Help
Display Settings: (~) GenPept Send to; =
Cchange region shown -
hemoglobin subunit beta [Homo sapiens]
NCE| Reference Sequence: NP_000509.1
aTA 5 - Customize view o=
EASTA  Graphics
Goto (¥
Analyze this sequence -
Locus NB_000508 147 22 lineer FRI 17-AFR-2013 Run BLAST
DEFINITION hemoglobin subunit beca [Homo sapiens].
ACCESSION NP 000509 Identify Conserved Domains
VERSION HE_0005085.1 GI:450434% Highlight Sequence Features
DBSCOURCE REFSER: accessiocn NM 00051E5.4 Find i thi
KEYWORDS . ind in this Sequence
SOURCE Homo sapiens (human)
ORGANISM Homo sapiens
Eukaryota; Metazoa; Chordaca; Craniata; Vertebrata; Buteleostomi; Protein 3D Structure =
Hemmalia: Evtheria; Everchenteoglizes: Primates: Heplorzhini: Human Zeta-2
Catarzhini; Hominidae; Homo. Beta-2-5
REFERENCE 1 (residues 1 to 147) Hemoglobin
AUTHORS Lacerra,3., Preziocso,R., Musolline,B., Piluso,3., Mascrullo,L. and PDB: 3W4U
De Angioletti,M. =Ty
TITLE Identification and molecular characterizaticn of a novel 55-kb
deletion recurrent in southern Italy: the Italian (B) gammai (&)
garmadeltabeta) degrees -thalassemia Diffractior
JOURNAL ~ Eur. J. Haematol. 90 (3), 214-213 (2015) Resolution: 1.95 A
e See all 198 struciures,.
CD5 1..147
/gene="HBB"
/gene_synonym="beta-globin; CD113t-C"
/coded_by="NM 000518.4:51..494"
/db_xref="CCD5:CCD57753.1"
/db_xref="GeneID:3043"
/db_xref="HGNC:4827"
/db_xref="HPRD:00786"
/db_xref="MIM:141300"
ORIGIN
1 mvhltpeeks avtalwgkvn vdevggealg rllvvypwtg rffesfgdls tpdavmgnpk
61 vkahgkkvlg afsdglahld nlkgtfatls elhcdklhvd penfrllgnv lvcvlahhfg
121 keftppvgaa ygkvvagvan alahkyh
7/
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NCBI Protein: hemoglobin subunit beta
in the FASTA format

— - o
= NCBI Resources [*)How To [+

Protein Protein v
Limits Advanced

Display Settings: (v) FASTA

hemoglobin subunit beta [Homo sapiens]

NCBI Reference Sequence: NP_000509.1
GenPept Graphics

>gi|4504349|ref|NP_000509.1| hemoglobin subunit beta [Homo sapiens]
MVHLIPEEKSAVIALWGEVNVDEVGGEALGRLLVVYPWIQRFFESFGDLST PDAVMGNEPEVEAHGKEVLG
LFSDGLAHLDNLEGIFATLSELHECDKLEVDPENFRLLGNVLVCVLAHHFGEEFT PEVQARYOEVVAGVAN
ALAHEYH

- _

Bioinformatics, Stellenbosch University




Accessing NCBI by Linux command-line

You can download and install EDirect on your Linux machine
https://www.ncbi.nlm.nih.gov/books/NBK179288/

e use esearch to find hemoglobin proteins
» use pipe (]) to efFetch to retrieve the proteins in the FASTA format
* use head to display six lines of the output

esearch -db protein -query "hemoglobin" | efetch -format fasta | head -6
the -6 argument specifies that we want to see the first 6 lines of
output; the default setting i1s 10 lines

>3l |582086208 |gb|EVU02130.1| heme-degrading monooxygenase IsdG [Baclillus
anthracis 52-G]
MIIVINTAKITEGNGHELIDRFNKVGOVETMPGFLGLEVLLTONTVDYDEVTISTRWNAKEDFQGWTESP
AFKARHSHOGGMPDY ILDNEKISYYDVEVVREMPMARAD

= H

>3l |582080234 |gb|EVT96395.1| heme-degrading monooxygenase IsdG [Baclillus

anthracis 9080-G]
MIIVINTAKI TEGNGHELIDRFHNEVGOVETMPGFLGLEVLLTONTVDYDEVT IS TEWNAEEDFQGWTESP


https://www.ncbi.nlm.nih.gov/books/NBK179288/

Genome Browsers

Versatile tools to visualize chromosomal positions (typically on x-axis)
with annotation tracks (typically on y-axis).

Useful to explore data related to some chromosomal feature of interest
such as a gene.

Prominent browsers are at Ensembl, UCSC, and NCBI.

Many hundreds of specialized genome browsers are available, some for
particular organisms or molecule types.

https://genome.ucsc.edu/cgi-bin/hgGateway

You can also download and use a genome browser locally on your
computer:

Integrative Genomics Viewer
http://software.broadinstitute.org/software/igv/
Integrated Genome Browser
http://bioviz.org/igb/index.html|



https://genome.ucsc.edu/cgi-bin/hgGateway
http://software.broadinstitute.org/software/igv/
http://bioviz.org/igb/index.html

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
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Browser Extensible Data (BED) format

chrom - The name of the chromosome (e.g. chr3, chrY, chr2_random) or scaffold (e.g.
scaffold10671).

chromStart - The starting position of the feature in the chromosome or scaffold. The first
base in a chromosome is numbered 0.

chromEnd - The ending position of the feature in the chromosome or scaffold.

The 9 additional optional BED fields are:

4,

o

8.

9.

name - Defines the name of the BED line. This label is displayed to the left of the BED line in
the Genome Browser window when the track is open to full display mode or directly to the
left of the item in pack mode.

score - A score between 0 and 1000.

strand - Defines the strand. Either "." (=no strand) or "+" or
thickStart - The starting position at which the feature is drawn thickly (for example, the start
codon in gene displays).

thickEnd - The ending position at which the feature is drawn thickly (for example the stop
codon in gene displays).

itemRgb - An RGB value of the form R,G,B (e.g. 255,0,0).

10. blockCount - The number of blocks (exons) in the BED line.
11. blockSizes - A comma-separated list of the block sizes.
12. blockStarts - A comma-separated list of block starts.



chril
ehrll
chrll
ehrll
chril
chrll

BED file output from UCSC Table Browser query for

genes on a region of human chromosome 11

52466495
5254058
263184
3262301
S2T4420
5289579

5248301
5255858
S264822
S2T10ET
5276011
5291373

MM 000518
MM_DO0051%
NR_00158%
MM DDOS59
MM 000184
HM_ 005330

5246827
5254153
S5264822
S2625E8
52745086
5289698

5248251
5255663
S264822
32710342
5275858
5291120

(= i R ]

Gal Gab Ll i e Gab

261,223,142,
264,223,287,
293,223,143,
216,223,145,
215,223,145,
248,223, 345,

0,1111,1454,
0,1162,1513,
0,1151,1495,
0,1006,1441,
0,1101,1445,
0,1104,14459,
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