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Overview

1. Introduction to Bioinformatics
2. Introduction to public databases
3. Intro to basic R



Bioinformatics

Definition 1: the collection, classification, storage, and analysis of biochemical and
biological information using computers especially as applied to molecular genetics
and genomics (Merriam-Webster dictionary)
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: Shotgun Whole-Genome Sequencing

Many copies of the DNA are made

Whole
Genome

The copies are broken into many pieces

Sequences are arranged in the correct orde

LAATGCACTGCGATTCCGATGARAGE The complete genome 15 assembled
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Definition 2: a field that works on the
problems involving intersection of
Biology/Computer Science/Statistics
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What “unit of information’’ do we deal within
bioinformatics ?

e DNA e Sequence e Pathways
- RNA e Structure e Interactions
e Protein e Evolution e Mutations




)
J
]
'

1
I
DNA : mRNA | Protein
Qur genetic information : instructons for making 8 I Basic buiding blocks of all
: protein from a gene : colls in the body
I e 1
N
<
E \
S AT
L &
o Ly <
: b
e:: 1 Transeribe to RNA
NQ.N
2
[~ . 8,m,0,4,0,4,00,0,0000020

1 Translate into Protein

Central Dogma of Molecular Biology
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WWW.genome.gov/human-genome-

m National Human Genome B voar Searcrbere
Research Institute

About Genomics Research Funding Research at NHGRI Health Careers & Training News & Events About NHGRI

Home / About Genomics / The Human Genome Project

The Human Genome
Project



https://www.genome.gov/human-genome-project

Human Genome- 1990-2003

The first printout of the human genome to be presented as a series of books, displayed at
the Wellcome Collection, London




Genomic information
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Graphical representation of the idealized human diploid karyotype,

showing the organization of the genome into chromosomes. This
drawing shows both the female (XX) and male (X¥) versions of the
23rd chromosome pair. Chromosomes are shown aligned at their
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centromeres. The mitochondrial DMNA is not shown. More Informatlon ¢
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Genome size 3,234.83 Mb (Mega-basepairs) per haploid geno

6,469.66 Mb total (diploid).
Number of 23 pairs
hromosomes
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@ ensembl.org/Homo_sapiens/Info/Index

* @ ¢ 0O :
Login/Register

BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & Docs | Blog Bl - Search Human... Q

q Human (GRCh38.p13) v

Search Human (Homo sapiens)

SEEU ] N\ Cle A Search Human...

e.g. BRCA2 or 17:63992802-64038237 or rs699 or osteoarthritis

Genome assembly: GRCh38.p13 (GCA_000001405.28)

£
887
o More information and statistics E E E E

I'!] Download DNA sequence (FASTA) R
View karyotype
‘k Convert your data to GRCh38 coordinates P——

0y
Display your data in Ensembl —l
h play'y

—a

Example region
GRCh37 Full Feb 2014 archive with BLAST, VEP and BioMart ¥

Comparative genomics

sl

Gene annotation

What can | find? Protein-coding and non-coding genes, splice variants, cDNA
and protein sequences, non-coding RNAs.

o Mare about this genebuild
I'!] Download FASTA files for genes, cDNAs, ncRNA, proteins
I'!] Download GTF or GFF3 files for genes, cDNAs, ncRNA, proteins

\ Update your old Ensembl IDs

Variation
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Example transcript

ATCGAGCT



http://humanproteomemap.org/ (Human Proteome Map (HPM)

< C  ® Notsecure | humanproteomemap.org * @ ¢ e

@ HUMAN PROTEOME MAP

Home

( About Human Proteome Map } ( Statistics )

The Human Proteome Map (HPM) portal is an interactive resource to the scientific community by integrating the Organs/cell types 30
massive peptide sequencing result from the draft map of the human proteome project. The project was based on Genes identified 17,294
LC-MS/MS by utilizing of high resolution and high accuracy Fourier transform mass spectrometry. All mass Proteins identified 30,057
spectrometry data including precursors and HCD-derived fragments were acquired on the Orbitrap mass Peptide sequences 293.700
analyzers in the high-high mode. Currently, the HPM contains direct evidence of translation of a number of protein N-terminal peptides 4,297

products derived from over 17,000 human genes covering >84% of the annotated protein-coding genes in

humans based on >290,000 non-redundant peptide identifications of multiple organs/tissues and cell types from Splice junctional peptides 66,947

individuals with clinically defined healthy tissues. This includes 17 adult tissues, 6 primary hematopoietic cells and Samples 85

7 fetal tissues. The HPM portal provides an interactive web resource by reorganizing the label-free quantitative Adult t.|ssues 17

proteomic data set in a simple graphical view. In addition, the portal provides selected reaction menitoring (SRM) Fetal tissues

information for all peptides identified. Cell types 6
Adult tissues
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http://humanproteomemap.org/

MMOLYGICAL SORUTIS NS
FPOR ENERGY ENARLENGES

INNOVATIVE APFROACHES

ALONG UNCONVENTIONAL PATHS
U.S. DEPARTMENT OF ENERGY

DNA SEQUENCE DATA
~FRON\ GENOME PROJECTS

Genes and other
DNA sequences

" contain instructions
on how and when
to build proteins
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'PROTEINS

Proteins perform many of life’s most essential functions. To carry out their
specific roles, they often work together in the cell as protein machines.
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Apply knowledge of
microbial functional
copabilities

00dl.

,fsx LORE /"

»

FUNCTION'S — o
IN MICROBIAL"
COMMUNITIES" »

..,

MOMMUNITY
OF CELLS

COMPUTATIONAL
CAPABILITIES

TO UNDERSTAND
COMPLEX
BIOLOGICAL
SYSTEMS

ttu{uuc'ruuz: GENE
REGULATORY NETWORKS

WORKING
CELL

Many protein
machines interact
through complex,

interconnected
pathways. Analyzing
these dynamic processes
will lead to models of life
processes.

URL DOEGenomesTolife.org
10/02




Bioinformatics Significance
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Missing Alzheimer’s Gene Found

Researchers find the gene that causes Alzheimer’s disease in "Volga German” families. It shows
a remarkable similarity to another recently discovered Alzheimer’'s gene
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“That was like a sledgeham- %
says Schellenberg. “It
went from being a ho-hum project to ... say- .
ing ‘oh my God this is the gene.

Within a few days, the team sequenced
the gene from Volga German family members,
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Hnng so
close onn the heels of the chromosome 14
gene discovery,” savs Alzheimer’s rescarcher
Dennis Selkoe of Harvard Medicat School.
“It is very important thar the new gene on
chromosome 1 has high homology o $182.7
he adds. The similarisy between the two genes
may mean that the proteins they encoede
have similar functsons. According 10 Selkoe,
the resemblance “suggests that something
about this type of ... protein is very imnpos-
rant for th<' bqnlu\z\ nl \I’ht. imer’s discase.

discovery was provecative & ot prawvid
ed a direct link 1o a charmcienstic feature of
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Universaty of Toron-
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dares lfor the Volga German genel come and
go, 1 wasnt excited,” Schellenberg recalls.
But Epheat Levy-Lahad, in his lab group,
went ahead and checked. She found that the
new g2ene was nos only on chromosome 1, but
wasin the very stretch of DNA dhat she had

to; the results were re-
ported in the 29 June
i=sise of Nature.
Intriguang as these
discoveries were, they
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Changes in the number and order of genes (A-D) create genetic
diversity within and between populations.

Insertion (T W )

Deletion (T8
Copy Number Variant (l__®_®& ]

Inversion

Reference




Why do we need DATABASES ?

Post-Genomic Era: Lots of Data!

THASE o PSSO ' = ey
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Analyze

Understand Organize

Large Macromolecules
Biological Databases
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DATABASES

A database is a

collection of data
In an organized
manner, which is
accessible in
various ways.

.,




What are Biological Databases??

ologi F f Biological
Biological Database DZ?:;ZSG;’ lologica

« It is a collection of data that is : Heterogeneity
structured, searchable, updated High volume data
periodically and cross-referenced.

« Stores biological data in electronic ; Uncertamn‘y
form. + Data curation

» Purpose- 5. Data integration
- Systemization of database 5 Data sharing

- Availability of biological data 7. Dynamics

- Analysis of computed biological data




DATABASE ARCHITECTURE

Information system (The Google, Entrez
SRS)

Your search key words

Query system

' —
m\ files, Unixtext

GenBank flat file
PDB file
Interaction Record
Title of a book
Book




Types of Biological Databases??

There are many different types of database but for routine sequence
analysis, the following are initially the most important.

»Primary databases
» Secondary databases
» Composite databases

< ewe

DDBJ




Interconnections between Databases

L "ENA/EBI

EMBL-Bank
Sequence Read Archive
Trace Archive
BioProject




Primary Databases

Theses are the primary sources of data used to store nucleic acid, protein sequences and
structural information of biological macromolecules.

Same primary databases-
NCBI(The National Centre for Biotechnology Information)
GenBank
DDBJ (DNA data bank of Japan)
SWISS-PROT(Swiss-Prot )
PIR (Protein Information Resource)
PDB(Protein Data Bank)

This sequence collection of this database is due to the efforts of basic research from
academic industrial and sequencing lab)




Classification : Primary Databases

v Sequence Information
v DNA: EMBL, , DDBJ
v Protein: SwissProt, TREMBL, PIR, OWL

v Genome Information
v GDB, MGD, ACeDB

v Structure Information
v PDB, NDB, CCDB/CSD



The National Center for Biotechnology Information

B Bethesda,
MD

Created in 1988 as a art of the
National Library of Medicine at NIH

— Establish public databases

— Research in computational biology

— Develop software tools for sequence analysis
— Disseminate biomedical information




Primary Databases - GenBank

v Database from NCBI, includes sequences from publicly available

resources

~ NCBl Resources ¥/ How To ¥

GenBank Nucleotide v

GenBank ¥ Submit ¥ Genomes ¥ WGS ¥ Metagenomes ¥ TPA ¥ TSA ¥ INSDC ¥ Other ¥

GenBank Overview

What is GenBank?

GenBank © is the NIH genetic sequence database, an annotated collection of all publicly available DNA sequences (Nucleic Acids
Research 2013 Jan:41(D1):D36-42). GenBank is part of the International Nucleotide Sequence Database Collaboration, which comprises
the DNA DataBank of Japan (DDBJ), the European Nucleotide Archive (ENA), and GenBank at NCBI. These three organizations exchange
data on a daily basis.

A GenBank release occurs every two months and is available from the fip site. The release notes for the current version of GenBank
provide detailed information about the release and notifications of upcoming changes to GenBank. Release notes for previous GenBank
releases are also available. GenBank growth siatistics for both the traditional GenBank divisions and the WGS division are available from
each release. GenBank growth statistics for both the traditional GenBank divisions and the WGS division are available from each release.

An annotated sample GenBank record for 2 Saccharomyces cerevisiae gene demonsirates many of the features of the GenBank fiat file
format.

GenBank Resources

GenBank Home

Submission Types

Submission Tools

Search GenBank

Update GenBank Records




v/ Open « Gene » and Search KRAS

= NCBI

Resources [¥/ How To (¥

Gene

Gene sources
Genomic
Mitochondria
Organelles

Categories
Alternatively spliced
Annotated genes

V| KRAS

G sezrch

Create RSS Create alert Advanced

Tabular + 20 per page~ Sort by Relevance «

See KRAS KRAS proto-oncogene, GTPase in the Gene database

kras in Homo sapiens Mus musculus Rattus norvegicus All 238 Gene records

Search results

Re
op Organisms [Tree

Filters: Manage Filters

ts by taxon

Homo sapiens (755)
Mus musculus (134)

Eg:ﬁi;ging ltems: 1 to 20 of 1257 Page of 63 Next> Last>> Rattus norvegicus (74)
. ) , Cricetulus griseus (8)
Pseudogene 0 See also 16 discontinued or replaced items. Xenopus laevis (7)
Sequence content All other taxa (339)
CCDS Name/Gene ID = Description Location Aliases More...
Ensembl ] KRAS KRAS proto-oncogene,  Chromosome 12, C-K-RAS, CFC2,
RefSeq ID: 3845 GTPase [Homo sapiens NC_000012.12 K-RAS2A, K-RAS2B, Fiud related data
RefSeqGene (human)] (25204789..25251003, K-RAS4A, K-RAS4B,
complement) K-Ras, KI-RAS1, Databasg: | Select
Status et KRAS2, NS, NS3, RALD,
v Current RASK2, c-Ki-ras2, KRAS
Clear all ] Kras Kirsten rat sarcoma viral Chromosome 6, Al929937, K-Ras, K-Ras
ID: 16653 oncogene homolog NC 000072.6 2, K-ras, Ki-ras-2, Kras2,
Show additional filters [Mus musculus (house  (145216699..145250291, c-K-ras, c-Ki-ras, p21B, Search details
mouse)] C’omplement) ras, Kras lvnacra11 r2a14-1 annm




~ Genomic context

Location: 12p12.1

Exon count: B

=T

See KRAS in Genome Data Viewsar

Annotation release Status Assembly Chr
109 current GRCh38.p12 (GCE_000001405.38) 12
105 previous assembly GRCh37.p13 (GCE_000001405.25) 12

Location

NC_000012.12 (25204789..25251003, complement)

NC_000012.11 (25358180..25403870, complement)

Chromosome 12 - NC_000012.12

Go to refere rlencl

Graphics FASTA GenBank

|25 288 K
Configure tracks

)
Hd
HH_

[ 25052101 [ 25357942 b
LRNF - ETFRF1 LOCI11601779  LOCLOBHGATIL
CENPURZ KRS if—
CASC
« @Genomic regions, transcripts, and products
Genomic Sequence: |NE_DUI}D12.‘12 Chromosome 12 Reference GRCh38.p12 Primary Assembly V|
Go to nucleotide:
. £ mc_000012.12 - | Find: v @& [ @, A == A Tools ~ || Tracks ~ | @& 7 ~
| 25,255 K 25258 K |25,245 K |25.248 K 2523 K 25238 K 25,225 K 25220 K | 25,215 & |25.218 K |25.285 K
Genesz, HCBI Homo 3apiens Anncotation Release 109, 2018-03-27 ||
KRAS
HH_BOASEE 4 =i - = 1 { - - — »> HP_BR49TE 2
HH_B33360.3 [ 1 > > 1 {— > - - » HP_283524.1
¥M_B11S286532.2 |- - > 1 { + g — > ¥P_B11518955 1
HM_BBETI98E9.4 |- i > + 1 {1—- - = —] XP_BBET19132 1

HA
HH

HA_
HH |



Format B Homo sapiens chromosome 12, GRCh38.p12 Primary Assembly

MCBI Reference Sequence: NC_000012.12
FASTA  Graphics

LOCUS MC_Baaal?2 46215 bp D linear COM 26-MAR-2818
DEFIMITION Homo sapiens chromosome 12, GRChIE.pl2 Primary Assembly.

ACCESSION NC_@2e312 REGION: complement(25284789..25251083)

WERSION MC_Baaal2. 12

Accession — > o:uin BioProject: PRINALES

Assembly: GCF_280821485.38

Key Identifier KEYWORDS RefSeq.

SOURCE Homo sapiens { human)
- ORGAMISM Homo sapiens
Species Eukaryota; Metaroa; Chordata; Craniata; Vertebrata; Euteleostomi;

Mammalia; Eutheria; Euarchontoglires; Primetes; Haplorrhinij;
Catarrhini; Hominidae; Homo.
REFEREMCE 1 (ba=zesz 1 to 46215)

ALUTHORS Scherer,5.E., Muzny,D.M., Buhay,C.]1., Chen,R., Cree,A., Ding,¥.,
Dugan-Rocha,s., Gill,R., Gunaratne,P., Harris,R.A., Hawes , A.C.,
Hernandez,l1., Hodgson,A.V., Hume,Jl., Jackson,fA., Khan,Z.M.,
Kovar-Smith,C., Lewis,L.R., Lozado,R.J., Metzker,M.L.,
Milosavljevic,&., Miner,G.R., Monmtgomery,K.T., Morgan,M.B..
Mazareth,L.V., S5Scott,G., Sodergren,E., Song,X.Z., Steffen,D.,
Lowvering,R.C., Wheeler,D.A., Worley,K.C., Yuan,¥., fhang,Z..
Adams,C.0., Ansari-Lari,M.A., Ayvele,M., Brown,M.]., Chen,G.,
Chen,?., Clerc-Blankenburg,¥.P., Devis,C., Delgado,0., Dinh,H.H.,
Draper,H., Gonzalez-Garay,M.L., Havlak,P., Jackson,L.R.,
Jacob,L.5., Kelly,5.H., Li,L., Li,Z., Liuw,]., Liu,W., Lu,Jl.,
Maheshwari,M., Nguyen,B.V., Okwuonu,G.0., Pasternak,%., Perez,L.M.,
Plopper,F.J1., Santibanez,Jl., Shem,H., Tabor,P.E., VWerduzco,D.,
kWaldron,L., kang,., Williams,G.4., Zhang,l., Zhou,l., Allen,C.C.,
amin,A.G., &Anyvalebechi,V., Bailey,™., Barbsria,l.fA., Bimage,K.E.,
Bryant,M.P., Burch,P.E., Burkett,C.E., Burrell,K.L., Calderon,E.,
Cardenas,V., Carter,K., Casiass,¥., Cavezos,Il., Cavazos,5.R.,
Ceasar,H., Chacko,l., Chan,5.N., Chavez,D., Christopoulos,C.,
Chu,l., Cockrell,R., Cox,C.D., Dang,™M., Dathorne,5.R., David,R.,
Davis,C.M., Davy-Carroll,L., Deshazo,D.R., Donlin,].E., D"Souza,l.,
Eaves ,K.A., Egan,A., Emery-Cohen,&.J., Escotto,M., Flagg,M.,
Forbes,L.D., Gabiszi,A.M., Garza,M., Hamilton,C., Henderson,M.,
Hernandez,0., Hines,%., Hogues,M.E., Huang,M., Idlebird,D.G.,
Johnson,R., Jolivet,&4., Jones,5., Kagan,R., Kinmg,L.M., Leal,B.,
Lebow,H., Lee,%., LeVan,Jl.M., Lewis,L.C., London,P.,
Lorensuhewa,L.M., Loulseged,H., Lowett,D.A., Lucier,A.,
Lucier,R.L., Ma,J]., Madu,R.C., Mapuwa,P., Martindale,A.D.,
Martinez,E., Massey,E., Mawhinev,5., Meador,M.G., Mendez,5..



#HGenome —Lnnotation-Data- EMNDStEE

FEATURES Location Qualifiers
Source 1. .446215
sSorganism="Homo sapiemns"

sSmol__type=""gencomic DN
Sdb__wref=""ta»wxon :: ScE3a"

Schromosome="12"
lllllll.”'gene 1. .46215

SEene=""KRAa5"™
JSeene _synonym="C-K-RAS; c-Ki-ras2; CFC2; K-Ras; K-RASZA;
K-RAS2E: K-RAS4A: K-RAS4AB; KI-RAS: KRAS1: KRASZ2Z: NS; MNS3:
RALD; RASEKE2"™
Snote="KRAS proto-oncogense, GTPase; Deriwved by automated
computational analwvsis using gene predictiom method:
EestRefS5eqg, Gnomon . '
Sdb_ xref=""Gen<eID: F54945"
Sdb_ xrefF="HGMNC : HGMNC = &387 "
Sdb_xref="MIM: 195a27a"™

m R MA SJoin{l. . 298, 5S689 . .5S7F3@ 23592 . 237708 ,25231 . . 25304,
354494,  3IS556F ,41893 . L4121 F3)
SEene=""KRA5"™
SEene_synonym="C-K-RAS; c-Ki-ras2; CFCZ; K-Ras; K-RASZA;
K-RAS2E: K-RAS4A4A: K-RAS4AE; KI-RAS: KRAS1: KRASZ2: NS; MNS3:
RALD; RASKZ2™
Sproduct="KRAS proto-oncogens, GTPases, transcript wvarianmt
>
Snote="Deriwved by automated computational anmnalwsi=s using
gene prediction method: Gnomon. Supporting ewvidence
dncludes similarity Tto: 3 mRMAas, 1 long SRA read, 13
Proteins, and 188% coverage of the annotated genomic
Ffeature by RMAseq alignments, Including 39 samples with
suppor-t Ffor all amnotated introns™
Srtranscript_did=""3XM_ &7 190aS . a9
Sdb_xref=""GenesID: 2545 "™
Sdb_ xrefF="HGMNC : HGMNC - &387

- Sdb_xref="MIM: 1lo@a7a"™
mRRLA Hdoin(s9..249,5609 . . 5736, 23502, . 2377 ,25231 . . 25303,

41395 .  ASTFSE]
SEene=""KRA5"™
SEene_=synonym="C-K-RAS; c-Ki-ras2; CFC2Z; K-Ras; K-RASZAG
K-RASZE:; K-RASAA: K-RASAB; KI-RAS:; KRASL: KRASZ; MNS; MS3:
RALD; RASEKEZ2™
Sproduct="KRAS proto-oncogens, GTPase, transcript wvarianmt
b
Snote="Deriwved by automated computational anmnalwsi=s using
gene prediction method: Gnomon. Supporting evidence
dncludes similarity to: & mRMAs, 2349 ES5Ts, 5S39 long SREA
reads, 18 Proteins, and 97% cowverage of the annotated
genomic Feature by RMAaseq alignments, including &8 samples
with support for a2ll annotated inmtrons"™
Srtranscript_did="XMM_@&115Z2865F.3F"™
Sdb_xref=""GenesID: 2545 "™
Sdb_ xrefF=""HGMNC : HGRNC = S387 "
Sdb_ xref="MIM: 1S9EE7a™

mR LS Hodin(FI..253,5609. . 5730, 23502, . 23FFR,I52IL . L2530,




FASTA -

Homo sapiens chromosome 12, GRCh38.p12 Primary Assembly

MCEBEI Reference Sequence: NC_000012.12
—_———— e ———
>NC_B88812.12: c25251883-25204789 Homo sapiens chromosome 12, GRCh38.p12 Primary Assembly | Header stars with “>"" sign
GGAACGCATCGATAGCTCTGCCCTCTGLGGCCGCCCGGLCCCGAACTCATCGGTGTGCTCGGAGCTCGAT
TTTCCTAGGCGECGGCCGCGGECGGELEEAGGCAGCAGCGGCEECGGECAGTGECGECGECGAAGETGGCGGT
GGCTCGGCCAGTACTCCCGGCCCCCGCCATTTCGGAC TGEGAGCGAGCGCGGECGCAGGCACTGAAGGCGG
CGGCGEGEGECCAGAGGCTCAGCGGC TCCCAGGTGCGGGAGAGAGGETACGGAGCGEACCACCCCTCCTGEGEE
CCCTECCCGGEETCCCGACCCTCTTTECCGGLGCCGGELGEEECCGGCGECGAGTGAATGAAT TAGGGETC
CCCGGAGGEGEEGETGGEEGGECGCEEGCGCGEEGTCGGEECGGELTEGGGETGAGAGGGGETCTGCAGGGEEGE
AGGCGCGCGGACGCGECGECGECGGEEAGTGAGGAATGGGCEETGCGEGEE TGAGGAGGGTGAGGC TGEAG
GCGGTCGCCGCTEETGCTGCTTCCTEEACGGEGEAACCCCTTCCTTCCTCC TCCCCGAGAGCCGCGGC TG
AGGCTTCTGGEEAGAAAC TCGEECCEEECCGGCTGCCCCTCGGAGCGGTGEGGTGCGGTGEAGGTTACTC
CCGCEECGCCCCEECCTCOCCTCCCCCTCTCCOCGCTCCCGCACCTCTTGCCTCCCTTTCCAGCACTCGG .
CTGCCTCGETCCAGCCTTCCCTGCTEGCATTTGECATCTC TAGGACGAAGGTATAAACTTCTCCCTCGAGE .The FASTA format IS NOW
GCAGGCTGGACGEATAGTGGTCCTTTTCCGTGTGTAGGGEATGTGTGAGT AAGAGGGGAGETCACGTTTT
GGEAAGAGCATAGEAAAGTGCTTAGAGACCACTGTTTGAGETTATTGTGT T TGGAARAAAATGCATCTGCC

L]
TOCAGTTCCTEAATGCT OO LT CCCATEGTATOGEECTATEACAT TGCTGTEECCACAAMGEAGRAGTT u n |Ve rsa I fo r a I I d ata ba Ses

GEAGGTAZAGATEOTOEAAGAACAGETEECCAACACCCTACACGTAGAGCCTOGTEACDCTACAGTGAANAG

GAAAAAGT TAATCCCAGATEOTCTGTTTTGC T TEOTCAAGT TAAACCOGAAGAAASDCCGCAGAGCAGAN f h h d I
GCAAGGCTTTTTCCTTGCTAGT TEAGTGTAGACAGCAATAGCAALAATAGTACTTGAAGT TTAATTTACC a n d SO twa re t at a n eS
TOGTTCT T T CCT T T CC TAT T TCT TATGTAT TACCCTCATCOCCTCGTCTCTTTTATACTACCCTCATT

TTaCAGATGTGTTCTACATC TCAAGAGT TATTACAGTACTCCAAAACAGCACTTACATGATTTTTTASAAL D N A a n d p rote i n Se q u e n Ces
TTACAGAGGAATTOGTAGCAAT CCACCAGCTAACCOCCTEAAATAGACT TAAACATOTGCATCTCCTTTTT

TTTTTTTTTTT TGAGACACAGTCTCACTCTGT TGCCCAGOCTGOAGTGCAATEGRCGCGGTATCGOCTCAL

TOAAACCTCCOCCTCC TGO T TCAAGCAATTCTCCTOCCTCAGCCTCOCGAGTAGCTOGEACTAGTAGGET o S p e C i fi Ca t i O n S .
GCACOCCACCATGCCCAGCTAATTTTTGTATTTT TAGTAGAGACAGAGT T TCATCATGTTGGTCAGGATG *
GTCTCCATCTGCTCTGTTGCCCAGGCTGEAGTECAGTGECGCCGTCTOGGCTCACTACAACCTCTGOCTC

CTGCATTCAAGCAATTCTCC TGCCTCAGCCTCCCGAATAAC TGGGATTACAGGTGTCTGCTGCCATGCCC *One header line

GoCTAATTTTTTGTATTT TTAGTAGAGACOGEEGTTTCACCATGTTGGTCAGGC TG TCTAGAACTCCTG ‘StartS Wlth S Wlth a ends Wlth [return]




https://www.rcsb.org/ —  E—

Sequence & Structure Alignment

(') 156365 Biological y

D Macromolecular Sty Protein Symmetry } 1D, author, macromolecule, sequence, or ligands
= Enabling Breakth pral ARGt SeteneC O
Qc nabing Sreaktiol  structure Quality

R h and Educi
PROTEIN, DATA BANK hesearciandLcug | Browse by Annotations

Map Genomic Position to Protein

i PDR-101 pDB .[ﬂ]:i PDB Statistics

EPPIC Biological Assemblies

Integrated Resources
AStructura 1 pany oo September Molecule of the Month

A Welcom This resource is powered by the Protein Data Bank archive-information about the
3D shapes of proteins, nucleic acids, and complex assemblies that helps
students and researchers understand all aspects of biomedicine and agriculture,
from protein synthesis to health and disease.

#® Deposit

As a member of the wwPDB, the RCSB PDB curates and annotates PDB data
Q Search

The RCSB PDB builds upon the data by creating tools and resources for
research and education in molecular biology, structural biology, computational

Ld Visualize biology, and beyond.

Job Opportunities for Biocurators and Developers

alyze

& Download JOIN OUR

TEAM

Wl Leam

Latest Entries As of Tuesday Sep 24 2019 Features & Highlights m Publications ~

maskn2y  Mandatory PDBx/mmCIF format files
¢ e submission for MX depositions

Submission of PDBx/mmCIF format files ‘

Structural Biology Pipeline
Meets the Classroom:
First Structure Released
This week's update includes
a structure determined by
high school students and
researchers as described in
last year's Education
Corner. » 09/25/2019

for crystallographic depositions to the
PDB will be mandatory from July 15t
2019 onward. PDB format files will no
longer be accepted for deposition of
structures solved by MX techniques.

H % Join Our Team as a Biocurator

https://www.rcsb.org/stats ‘

Search ‘6Q61I° : Lysine decarboxylase A from Pseudomonas aeruginosa
Classification: OXIDOREDUCTASE (type)

Organism(s): Pseudomonas aeruginosa

Expression System: Escherichia coli



https://www.rcsb.org/
https://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=OXIDOREDUCTASE&struct_keywords.pdbx_keywords.comparator=contains
https://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeEntityQuery&t=1&n=287
https://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeEntityQuery&t=1&n=562

OMIM database

 Online Mendelian Inheritance in Man (OMIM)

e "information on all known mendelian disorders linked to over 12,000
genes”

e “Started at 1960s by Dr. Victor A. McKusick as a catalog of mendelian
traits and disorders”

¢ Linked disease data

e Links disease phenotypes and causative genes
e Used by physicians and geneticists

& NCBI Resources @ HowTo @

Sign in to NCB

OMIM OMIM B - - ‘ w
Limits  Advanced Help

OMIM

OMIM is a comprehensive, authoritative compendium of human genes and genetic phenotypes that is freely

avallable and updated daily. OMIM is authored and edited at the McKusick-Nathans Institute of Genetic Medicine,
Johns Hopkins University School of Medicine, under the direction of Dr. Ada Hamosh. Its official home is omim.org.



http://www.ncbi.nlm.nih.gov/omim

OMIM-search results

e Look for the entires that link to the genes. Apply filters
if needed

Display Settings: (] Summary, 20 per page Send to: (¥ [JFIET YOUT TGSUNS
All (20
Results: 20 OMIM UniSTS (73
#106300 - SPONDYLOARTHROPATHY, SUSCEFTIBILITY TO, 1, SPDAT OMIM dbSHP (9)
1. Cytogenetic locations: Gp21.3 Manage Fiters
OMIM: 1 0300 I
Gene summaries  Genstic tests Medical litersture
Find refated data -
+142830 - MAJOR HISTOCOMPATIBILITY COMPLER, CLASS |, B HLAEB Datababe: | Select E

2. ABACAVIR HYPERSENSITVITY, SUSCEPTIBILITY TO, INCLUDED
Cytogenetic locations: Bp21.3
Cbdlbd: 142830
Gene summaries  Geneftictests  hedical iterature

Filter results if known .SNP IS assocCiated to

52613238 - SPONDYLOARTHROPATHY, SUSCEPTIBILTY TO, 3; SPDA3 inkylosing[ALL Fields] AD
ylosipg ields

3Oyt tic locations: 2936.1-936.3 v -
Cyegnec ocaions 265,14 e e

Gene summaries  Genetictests  hedical literature

191160 - TUMOR NECROSIS FACTOR; TME <

4. Cytogenetic locations: Bp21.3 Search See more...
Obdibd: 191160
Gene summaries  Genetic tests hedical litersture
Recent activity —
#135100 - FIBRODY SPLASIA OSSIFICANS PROGRESSMNWA; FOP Tum Off Clear
5. Cytogenetic locations: 2g23-g24 ) .
O 135100 Q. Ankylosing spondylitis (203 o

GEne SUMmaries Genetic tests Medical litersture
Q, spondylitis (23
*|02576 - ACTIVIM A RECEPTOR, TYPE I ACVR1 S

6. Cytogenetic Incations: 2q23-q24 See more...

— Some of the interesting entries. Try to look
BOFSEZ - INTEELEUKIN 23 BEECEPTOR; ILY3R — . .
T Sl toestons: 19313 for the ones with # sign

Gene summaries  Genetic tests hedical litersture




OMIM-entries

Searchl  Sort by:

Advanced Search: OMIM, Clinical Synopses, OMIM Gene Map  Toggle: search terms highlighted

Search History: View, Clear

Alternative fitles; symbols

ANEYLOSIMG SPONDYLITIS, SUSCEFTIBILITY TO

MARIE-STRUMFELL SPONDYLITIS
BECHTEREW SYNDROME

Phenotype Gene Relationships

Location Phenotype

Bpdl.33 {Spondyloarthropathy, susceptbility to, 1}

I Clinical Synopsis I detailed description of the phenotype divided into categories

TEXT

#106300 | Entry ID - same as phenotype ID below
SPONDYLOARTHROPATHY, SUSCEPTIBILITY TO, 1; SPDA1

@ Relevance

0 Date updated

Links to other databases

Pherqotype ID

Phenotype
rIM number

106300

CenefLocus

HLA-B

Associated gene

Gene ID

!

SCene/
rAIRA 1

142330

Locus
urnber

A number sign (#) is used with this entry because of evidence that susceptibility to ankylesing spendylitis can be

conferred by variation in the HLA-B27 allels (142830.0001) en chromosome &p21.2,

Description

Sriondvlnarthrorathy (SndY Ane Af tha cemrmcnact cheonie rhanimatic digeaces incliideas a cractriim of ralatad

» Table of Contents - #106300
External Links:

v Clinical Resources

v Animal Models

v Cellular Pathurays

Centers for Mendelian Genomics




OMIM Gene ID -entries

+142830

MAJOR HISTOCOMPATIBILITY COMPLEX, CLASS I, B; HLA-B | > Full name of the gene

Alternative titles; symbols

HLA-B HISTOCOMPEPATIBILITY TYFE Link to Other databases to » Tahle of Contents - +142830
obtain DNA or protein sequences and | ecemal Links:

Other entities represented in this entry: any other information E> + Genome

ABACAVIR HYPERSENSITIVITY, SUSCEFTIBILITY TO, INCLUDED : DNA_

SYNOVITIS, CHROWIC, SUSCEFTIBILITY TO, INCLUDED : PGr:r:lenfo

DRUG-INDUCED LIVER INJURY DUE TO FLUCLOXACILLIN, INCLUDED

Clinical Resources

Wariation

HGNC Approved Gene Symbol: HLA-B
Animal Models

Cellular Pathurays

Centers for Mendelian Genomics

Cytogenetic location: 6p21.33 Genowic coordinates (GRCh37): 6:31,327, 648 - 31,324,988 iron ncen

Gene Phenotype Relationships
Locatian Phenotype Phenotype
MIM numkber
apdl.33 [Ab acavir hypersensitivity, susceptbility to}
Drug-induced liver injury due to flucloxacilling
[Spondyloarthropathy, susceptibility to, 1} 106300
[Stevens-Johnson syndrome, susceptibility ta} BO3E7 Ot he r phe notvpes
[Svrovitis, chronic, susceptibility to} . -
{Toxic epidertnal necrolysis, susceptbility to} w0357 <: da550¢cCI ated Wlt h
the gene
TEXT

For background information on the major histocompatibility complex [MHC) and human leukocyte antigens



OMIM-Finding disease linked genes

Mapping

=u et al, (2007 conducted a genomewide scan followed by fine mapping analysis in a 4 generation Han Chinese
farmily with ankvlosing spondylitis and obtained a maximum lod score of 402 at DESEYE (theta = 0.0) on
chromoszome 6, verifyving the HLA-B locus,

Linkage Heferogeneify

To identify major loci controlling clinical manifestations of AS, Brown et al. (2003) performed gencrmewide linkage
analysis on 188 affected sib-pair families containing 454 affected individuals, Heritakilities of the traits studied were
asz follows: age at symptormn onset, 033 (p = 0.008); disease activity assessed by the Bath Ankvleosing Spondylitis
Dizeasze Activity Index (BASDAIL, 0,49 (p = 0.0001); and functional impairment assessed by the Bath Ankyvlosing
Spondylitis Functional Index (BASFEFI), 0.76 (pp = 0.0000001). Mo linkage was cbserved between the WMHC and any of
the traits studied. Significant linkage (lod = 4.0} was observed between a region on chromosome 18p and the
BEASDAL Age at symptorn onset showed suggestive linkags to chromeoesorme 11 (led = 2.2), Maxirmum linkage with
the BASFI was seen at chromosorne Z2q (lod = 2.9, see SPDA3, new). Brown et al. (20032) concluded that these

clinical manifestations are largely determined by a small number of genes not encoded wwithin the WMHC,

In a multistage study invelving 12,701 SNPs and patients with autcimimune diseases, including ankyleosing
spondylitis, the Waeallcome Trust Case Control Consortiuunm and the Australo-Anglo-Armerican Spondylitis
Consortivrm (2007 identified significant asscciation with SDFs in the ARTS1 gene (ERAF1;, 60683Y) (comlbined
results, = 1.2 x 10{-58) to 3.4 10(-100) on chromeosorme 5q 15, Association was also found with SHFs in the [LZ23R
gene (G0756Z) on chromosorme 121,30 in combined analyvsis, the strongest association was at rs11202032 {odds
ratic, 1.2; p = 7.5 x 10{-9)). The asscciation remained strong when only individuals wheo self-reported as not having

inflarmmatory bowel disease (see IBD1Y, 612261) were considered, and was still strongest at rs 11209022 {(p = 6.9 =
1o0-7n.




Secondary Databases

PROSITE ] | Pfam
-
Secondary databases
—

BLOCKS ] [ PRINTS




Secondary Database : PROSITE

v' Open link https://prosite.expasy.org/

Database of protein domains, families and functional sites

PROSITE consists of documentation entries describing protein domains, families and functional sites as well as associated patterns and

profiles to identify them [More... / References / Commercial users].
PROSITE is complemented by ProRule, a collection of rules based on profiles and patterns, which increases the discriminatory power of
profiles and patterns by providing additional information about functionally and/or structurally critical amino acids [More...].

Release 2018_08 of 12-Sep-2018 contains 1814 documentation entries, 1309 patterns, 1222 profiles and 1245 ProRule.

Search Browse
| e.g. PDOC00022, PS50089, SH3, zinc finger * by documentation entry
Search * by ProRule description
* by taxonomic scope

* by number of positive hits

v" Search homeobox


https://prosite.expasy.org/

Primary vs Secondary Databases
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Composite Databases

v' Collection of various primary v' Renders sequence searching
databases sequences highly efficient as it searches
multiple resources

e, Y

(Composue database’sw

. 4




Other Databases‘
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PubMed database

PubMed is one of the best known database in the whole scientific

community

Most of biology related literature from all the related fields are being
indexed by this database

It has very powerful mechanism of constructing search queries
* Many search fields < Logical operators (AND, OR)

Provides electronic links to most journals
Example of searching by author articles published within 2012-2013

Search results

Items: 11

PLANET-SNP pipeline: PLants based ANnotation and Establishment of True SNP pipeline.
1. Bhardwaj A, Bag SK.

Genomics. 2019 Sep;111(5):1066-1077. doi: 10.1016/j.ygeno.2018.07.001. Epub 2018 Jul 3.

PMID: 31533899

Similar articles

Transcriptome analysis provides insight into prickle development and its link to defense and
2. secondary metabolism in Solanum viarum Dunal.

Pandey S, Goel R, Bhardwaj A, Asif MH, Sawant SV, Misra P.

Sci Rep. 2018 Nowv 20;8(1):17092. doi: 10.1038/s41598-018-35304-8.

PMID: 30459319 Free PMC Article

Similar articles

In Silico identification of SNP diversity in cultivated and wild tomato species: insight from molecular
3. simulations.

Bhardwaj A, Dhar YV, Asif MH, Bag SK.
Sci Rep. 2016 Dec 8;6:38715. doi: 10.1038/srep38715.



http://www.ncbi.nlm.nih.gov/pubmed/

Applications of Bioinformatics : Medical Implications

v'Pharmacogenomics

v'Not all drugs work on all patients, some good drugs cause death in
some patients

v'So by doing a gene analysis before the treatment the offensive
drugs can be avoided

v'Also drugs which cause death to most can be used on a minority to
whose genes that drug is well suited — volunteers wanted!

v'Customized treatment

v'Gene Therapy
v'Replace or supply the defective or missing gene
v'E.g: Insulin and Factor VIII or Haemophilia



Applications of Bioinformatics : Diagnosis of Disease

v'Diagnosis of disease

dldentification of genes which cause the disease will help detect
disease at early stage e.g. Huntington disease -

v'Symptoms — uncontrollable dance like movements, mental
disturbance, personality changes and intellectual impairment

v'Death in 10-15 years

v'The gene responsible for the disease has been identified
v'Contains excessively repeated sections of CAG

v'So once analyzed the couple can be counseled



Applications of Bioinformatics : Drug Design

v'Can go up to 15yrs and $S700million

v'One of the goals of bioinformatics is to reduce the time and cost
involved with it.
v'The process
v'Discovery
v'Computational methods can improves this
v Testing




Introduction to

A basic tutorial



Statistical languages GUIs

¥ Output Explorer =
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= & Local
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= test/Scriptl. sas
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R GUI

Fie Edit Msc Packages Windows Help

R Console
R : Copyright 2003, The R Development Core Team
WVersion 1.7.1 (2003-06-16}
R 1s free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.

Type “license()' or “licence()' for distribution details.

R is a collaborative project with many contributors.
Type ‘“contributors()' for more information.

Type ‘“demo()' for some demos, ‘“help()' for on-line help, or
“help.start()' for a HIML browser interface to help.

Iype ‘g()' to guit R.

> example (plot)

plot> data(cars)

plot> plot(cars)

plot> lines(lowess(cars))

plot> plot(sin, -pi, 2 * pi)

plot> plot(table(rpois (100, 5)), type = "h", col = "red",
lwd = 10, main = "rpois (100, lambda=5)")

plot> plot(x <- sort(rnorm(47)), type = "s", main = "plot(x,

plots points(x, cex — 0.5, col = "dark red")
>

R 1.7.1- A Language and Environment

&

type = \"s\")")

A=1Ed

R Graphics: Device 2 (ACTIVE)

plot(x, type = "s")

Less fancy and no frills, but free!




Definition

v “R is a free software environment for statistical computing and
graphics”

v'R is considered to be one of the most widely used languages
amongst statisticians, data miners, bioinformaticians and
others.

v'R is free implementation of S language

v’ Other commercial statistical packages are SPSS, SAS, MatLab



Why to learn R?

v'Since it is free and open-source, R is widely used by
bioinformaticians and statisticians

v'It is multiplatform and free

v'Has wide very wide selection of additional libraries that allow it to
use in many domains including bioinformatics

v'Main library repositories CRAN and BioConductor



Install R

http://www.r-project.org/

and do the following (assuming you work on a windows computer):
e click download CRAN in the left bar

e choose a download site

e choose Windows as target operation system

e click base

e choose Download R 3.0.3 for Windows Tt and choose default answers for all
questions



Install RStudio

http://www.rstudio.org/

and do the following (assuming you work on a windows computer):
= o click Download RStudio

= e click Download RStudio Desktop

= e click Recommended For Your System

= o download the .exe file and run it (choose default answers for all
questions)



RStudio layout

The RStudio interface consists of several windows

¢ J RStudio
Eile Edit View Workspace Plots Tools Help

3] testscript.R

= Source onSave o4 # ~ #Run %% Sou
11
12
13 for(i im 1:3
14
15 princ(i
16
17
18
19 -
4:1 B Top Level R Script

Console

a=1

b=c(1,2,3)

c=c(™1","2","3")
d=c(1,2,3,4,5,6,7,8,9,10)
e=c(1,2,5,10,15,17,16,15,11,7)
plot(d,e,type="1",col="blue”, Twd=2)

for(i im 1:3)
print(i)

I

1] 1

[1] 2

[1] 3

>

+ 4+ + VY YV VYV Y VY Y

Workspace  History

4* Load -~

Values

[ = T i T = S =]

=

Plots

*
¥

15

10

] Save~ # Import Dataset~ 3 Clear All

1

numeric[3]
character[3]
numeric[10]
numeric[10]
3L

Packages Help

Zoom -E Export~r Q@ ¥ Clear All

10




Bottom left: console window (also called command window). Here
you can type simple commands after the “>” prompt and R will then
execute your command. This is the most important window, because
this is where R actually does stuff.

Top left: editor window (also called script window). Collections of
commands (scripts) can be edited and saved. When you don’t get
this window, you can open it with File & New - R script



= Top right: workspace / history window. In the workspace window
you can see which data and values R has in its memory. You can
view and edit the values by clicking on them. The history window
shows what has been typed before.

= Bottom right: files / plots / packages / help window. Here you can
open files, view plots (also previous plots), install and load
packages or use the help function.



Working directory

" Your working directory is the folder on your computer in which you are
currently working.

setwd(“C:/Users/archana/Desktop/")

Libraries

" R can do many statistical and data analyses.
" They are organized in so-called packages or libraries.
=  With the standard installation, most common packages are installed.



Libraries Installation

= [If you want to install and use a package (for example, the package called
“gseometry”) you should

" |Install the package:

= click install packages in the packages window and type geometry or
type install.packages("geometry") in the command window.



RStudio - X
File Edit Code View Plots Session Build Debug Profile  Tools  Help

O - & - B - Go to file/function ~ Addins ¥ R Project: (None) =
@ Untitled1* Environment  History  Connections
: 7 QIR Preview - - *D Insert ~ *Run - | %~ g  Import Dataset = | & List = -
1- T b Global Environment ~
2 title: "R Notebook"
3 output: html_notebook Daka
4 L-- adesignMat..2 obs. of 2 variables
5 adesignMat.. 35276 obs. of 2 variables
6 This is an [R Markdown](http://rmarkdown. rstudio.com) Notebook. When you execute code adjacency num [1:202, 1:202] 1.00 9...
within the notebook, the results appear beneath the code. aisoRepCou.. 45856 obs. of 3 variables
! 1 i 18 ob f 22 iabl
8 Try executing this chunk by clicking the *Run* button within the chunk or by placing your allTraits ops. o variaples v
cursor inside it and pressing *Ctrl+shift+Enter®, .
9 ¥  Files Plots Packages Help Viewer
L1 e Alzslems |y New Folder | @ Delete = | Rename {S}More =
Console  Terminal Jobs /I\ Home
A Name Size Mod
INe TOI10WINg ODJECT 1S MASKEO Trom PacKage:B10CGEenerics : workplace.rdaTmp 66.1 MB Sen
F Y
plotMa (afi) 138 S
d] RData 71.6 MB J
Loading required package: edgeR
g d P g J .RDataTmp 1223 MB L

> install.packages("geometry™)
Installing package into ‘C:/Users/archana/Documents/R/win-library/3.6’ RDataTmp1 79MB J
(as ‘1ib’ 1is unspecified)

trying URL 'https://cran.rstudio.com/bin/windows/contrib/3.6/geometry_0.4.4.zip"
Content type 'application/zip' length 1529464 bytes (1.5 MB) 1-enriched 1.5KB A
downTloaded 1.5 MB

.Rhistory 22.6 KB

%)

1ixt 249 KB i
package ‘geometry’ successfully unpacked and MD5 sums checked 1.txt.bak 249 KB N
The downloaded binary packages are in 106 626K8 h
C:\Users\archana\AppData\Local\Temp\RtmpOwlc5q\downloaded_packages 19-19.txt 957 KB ]

” 18-entrezz.csv 43 MB M¥

= Load the package: check box in front of geometry or type
library("geometry") in the command window.



Variables/Operators

e Variables store one element
x <- 25
Here x variable is assigned value 25

* Check value assigned to the variable x
>X
[1] 25

* Basic mathematical operators that could be applied to
variables: (+),(-),(/),(*)

* Use parenthesis to obtain desired sequence of
mathematical operations



Arithmetic operators

 What is the value of small z here?
x <- 25
y <- 15
z <- (x + y)*2

Z <- z*z

Z
[1] 80



Calculator

R can be used as a calculator. You can just type your equation in the
command window after the “>”:

> 1072 + 36

Workspace

You can also give numbers a name. By doing so, they become so-called
variables which can be used later. For example, you can type in the
command window:

>a=4



"= You can also ask R what a is (just type a ENTER in the command

window):
> a
[1] 4
= or do calculations with a:
>a*5
[1] 20

= To remove all variables from R’s memory, type

> rm(list=ls())



Vectors

v'Vectors have only 1 dimension and represent enumerated sequence of data.
They can also store variables

vl <- ¢c¢(1, 2, 3, 4, 5)
mean (vl)
[1] 3
v'The elements of a vector are specified /modified with braces (e.g. [number])
vi[l] <- 48
vl
[1] 48 2 3 4 5



Logical operators

v'These operators mostly work on vectors, matrices and other data

types

v'Type of data is not important, the same operators are used for

numeric and character data types

Operator

Description

<

less than

<=

less than or equal to

>

greater than

>=

greater than or equal to

exactly equal to

not equal to




Logical operators

v'Can be applied to vectors in the following way. The return value is
either True or False
vl
[1] 48 2 3 4 5
vl<=3
[1] FALSE TRUE TRUE FALSE FALSE



R workspace

v'Display all workplace objects (variables, vectors, etc.) via

Is():
Is()
[1] Ilzll "V]_“ lell llyll Ilzll

v'Useful tip: to save “workplace” and restore from a file use:
v'save.image(file = " workplace.rda")
v'load(file = "workplace.rda")



How to find help info?

v'Any function in R has help information

v'To invoke help use ? Sign or help():
? function name ()
? mean
help (mean, try.all.packages=T)

v'To search in all packages installed in your R installation
always use try.all.packages=T in help()

v'To search for a key word in R documentation use
help.search():

help.search ("mean")



Basic data types

v'Data could be of 3 basic data types:

v’'humeric
v'character
v'logical
v'"Numeric variable type:
Xx<-1
mode(x)

[1] "numeric”



Basic data types

v'Logical variable type (True/False):
y<-3<4
mode(y)

[1] "logical"

v'Character variable type:
z <- "Hello class"
mode(z)
[1] "character”



Data structures

v'The main data objects in R are:
v'Matrices (single data type)
v'Data frames (supports various data types)
v'Lists (contain set of vectors)
v'Other more complex objects

v'Matrices are 2D objects (rows/columns)
m <- matrix (0,2, 3)
> m
[,1]1 [,2] [,3]
[1,] O O O
[2,] O O O




Lists

v'Lists contain various vectors. Each vector in the list can be
accessed by double braces [[number]]

x <- c(1, 2, 3, 4)
y <- ¢c(2, 3, 4)
Ll <- list(x, y)

Ll

[[1]]
[1] 1 2 3 4

[[2]]
[1] 2 3 4




Data Frames

v'Data frames are similar to matrices but can contain various data
types

X <-¢(1,5,10)
y <-c("A","B","C")
Z <-data.frame(Xx,y)
XYy
1 1A
2 5B
310C



Input/Output

v'To read data into R from a text file use read.table()
 read help(read.table) to learn more

Data_test <- read.table(header=TRUE,
text="subject sex size

1 M7

2 F NA

3F9

4M11')

v'To write data into R from a text file use read.table()
write.table(Data_test, "data_test.csv", row.names=FALSE)



Plots generation in R

v'R provides very rich set of plotting possibilities

v'The basic command is plot()

v'Each library has its own version of plot() function

v'"When R plots graphics it opens “graphical device” that could be either a
window or a file



Plotting functions

v'R offers following array of plotting functions

Function

Description

plot(x)

plot of the values of x variable on the y axis

plot(x,y)

bi-variable plot of x and y values (both axis scaled based
on values of x and y variables)

pie(y)

circular pie-char

boxplot(x)

Plots a box plot showing variables via their quantiles

hist(x)

Plots a histogram(bar plot)

Histogram of rnorm(100)

:::::




plot : Plotting functions

v'Lets work on plot, hist and pie chart
X <- C(11213I4)

y <- ¢(5,6,7,8)
plot(x,y)
plot(x,y,col="red")

pie(x)
pie(y)
hist(y)



Boxplot : Plotting functions

v'Lets work on boxplot

x <-c(1,2,3,4)
Y <- C(516/718)
boxplot(x)
boxplot(y)
boxplot(x)
boxplot(x,y)

boxplot(x,y,col="grey")
boxplot(x,y,col="red")
boxplot(x,y,col=c("red",blue))
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