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Introduction 



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)



Whole
Genome



Definition 2: a field that works on the 
problems involving intersection of 
Biology/Computer Science/Statistics



What ‘’unit of information’’ do we deal within
bioinformatics ? 





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

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




More information :

DNA sequence, RNA 
sequence, Protein

sequence





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

http://humanproteomemap.org/




Bioinformatics Significance



Changes in the number and order of genes (A-D) create genetic 
diversity within and between populations.



Why do we need DATABASES ?  



Genome sequencing generates lots of data



DATABASES 



What are Biological Databases??



DATABASE ARCHITECTURE



Types of Biological Databases??



Interconnections between Databases



Primary Databases



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

 Genome Information
 GDB, MGD, ACeDB

 Structure Information
 PDB, NDB, CCDB/CSD

Classification : Primary Databases



The National Center for Biotechnology Information



Primary Databases - GenBank

 Database from NCBI, includes sequences from publicly available
resources



 Open « Gene » and Search KRAS 





Format 

Accession –
Key Identifier 

Species





Header stars with ‘’>’’ sign

•The FASTA format is now 
universal for all databases 
and software that handles 
DNA and protein sequences
•Specifications:

•One header line
•starts with > with a ends with [return]



https://www.rcsb.org/

Search ‘6Q6I’ : 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)

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

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

• Linked disease data

• Links disease phenotypes and causative genes 

• Used by physicians and geneticists

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


OMIM-search results

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

Filter results if known SNP is associated to 

the entry

Some of the interesting entries. Try to look 

for the ones with # sign



OMIM-entries



OMIM Gene ID -entries



OMIM-Finding disease linked genes



Secondary Databases



Secondary Database : PROSITE

 Open link  https://prosite.expasy.org/

 Search homeobox

https://prosite.expasy.org/


Primary vs Secondary Databases



 Collection of various primary
databases sequences

 Renders sequence searching
highly efficient as it searches
multiple resources

Composite Databases



Other Databases



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

http://www.ncbi.nlm.nih.gov/pubmed/
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Applications of Bioinformatics : Medical Implications

Pharmacogenomics
Not all drugs work on all patients, some good drugs cause death in 

some patients
So by doing a gene analysis before the treatment the offensive 

drugs can be avoided
Also drugs which cause death to most can be used on a minority to 

whose genes that drug is well suited – volunteers wanted!
Customized treatment

Gene Therapy
Replace or supply the defective or missing gene
E.g: Insulin and Factor VIII or Haemophilia
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Applications of Bioinformatics : Diagnosis of Disease

Diagnosis of disease
Identification of genes which cause the disease will help detect 

disease at early stage e.g. Huntington disease -

Symptoms – uncontrollable dance like movements, mental 
disturbance, personality changes and intellectual impairment 

Death in 10-15 years

The gene responsible for the disease has been identified

Contains excessively repeated sections of CAG

So once analyzed the couple can be counseled



46

Applications of Bioinformatics : Drug Design

Can go up to 15yrs and $700million 

One of the goals of bioinformatics is to reduce the time and cost 
involved with it.

The process
Discovery
Computational methods can improves this

Testing



Introduction to 

A basic tutorial



Statistical languages GUIs

SAS                                                                 SPSS



R GUI

Less fancy and no frills, but free!



Definition

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

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

R is free implementation of S language

Other commercial statistical packages are SPSS, SAS, MatLab



Why to learn R?

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

It is multiplatform and free

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

Main library repositories CRAN and BioConductor



Install R 

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

and do the following (assuming you work on a windows computer):

• click download CRAN in the left bar

• choose a download site

• choose Windows as target operation system

• click base

• choose Download R 3.0.3 for Windows † and choose default answers for all
questions



Install RStudio

http://www.rstudio.org/

and do the following (assuming you work on a windows computer):

 • click Download RStudio

 • click Download RStudio Desktop

 • click Recommended For Your System

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



RStudio layout
The RStudio interface consists of several windows 



 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.



setwd(“C:/Users/archana/Desktop/")

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

Working directory

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.



 If you want to install and use a package (for example, the package called
“geometry”) you should

 Install the package:

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

Libraries Installation



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



Variables/Operators

• 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

> 10^2 + 36

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

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

> rm(list=ls())

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



Vectors
Vectors have only 1 dimension and represent enumerated sequence of data. 

They can also store variables

v1 <- c(1, 2, 3, 4, 5)

mean(v1)

[1] 3

The elements of a vector are specified /modified with braces (e.g. [number])

v1[1] <- 48

v1

[1] 48 2 3 4 5



Logical operators

These operators mostly work on vectors, matrices and other data 
types

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

Can be applied to vectors in the following way. The return value is 
either True or False

v1

[1] 48 2 3 4 5

v1 <= 3

[1] FALSE TRUE TRUE FALSE FALSE



R workspace

Display all workplace objects (variables, vectors, etc.) via 
ls():

ls()

[1] "Z" "v1" "x" "y" "z"

Useful tip: to save “workplace” and restore from a file use:

save.image(file = " workplace.rda")

load(file = "workplace.rda")



How to find help info?

Any function in R has help information

To invoke help use ? Sign or help():

? function_name()

? mean

help(mean, try.all.packages=T)

To search in all packages installed in your R installation 
always use  try.all.packages=T in help()

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

help.search("mean")



Basic data types

Data could be of 3 basic data types:
numeric
character
logical

Numeric variable type:

x <- 1

mode(x)

[1] "numeric"



Logical variable type (True/False):

y <- 3<4

mode(y)

[1] "logical"

Character variable type:

z <- "Hello class"

mode(z)

[1] "character"

Basic data types



Data structures

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

Matrices are 2D objects (rows/columns)

m <- matrix(0,2,3)

> m

[,1] [,2] [,3]

[1,] 0 0 0

[2,] 0 0 0



Lists

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)

L1 <- list(x, y)

L1

[[1]]

[1] 1 2 3 4

[[2]]

[1] 2 3 4



Data Frames

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

x <- c(1,5,10)

y <- c("A", "B", "C")

z <-data.frame(x,y)

x y

1  1 A

2  5 B

3 10 C



Input/Output

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 M 7 
2 F NA 
3 F 9 
4 M 11 ') 

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

R provides very rich set of plotting possibilities

The basic command is plot()

Each library has its own version of plot() function

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



Plotting functions

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)



plot(x,y)

x <- c(1,2,3,4)

y <- c(5,6,7,8)

plot(x,y,col="red")

plot : Plotting functions

pie(x)

pie(y)

Lets work on plot, hist and pie chart

hist(y)



x <- c(1,2,3,4)

y <- c(5,6,7,8)

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))

Boxplot : Plotting functions

Lets work on boxplot



1.https://media.readthedocs.org/pdf/a-little-book-of-r-for-

bioinformatics/latest/a-little-book-of-r-for-bioinformatics.pdf

2.https://cran.r-project.org/doc/manuals/r-release/R-intro.pdf
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