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INDIAN INSTITUTE OF BIOINFORMATICS 
New Delhi 

 
This websi te t i t led www.bio.ind.in is the official  websi te of the Indian Inst i tute of 
Bioinformat ics (I IB) inaugurated on the auspicious occasion of the Wor ld Environment 
Day on 5th June 1991 by the Pr ime Minister  of India Hon’ble Shr i  Chandra Shekhar. 
The act ivi t ies of the I IB include t raining, research, publ icat ions, conference 
organizat ions and consultancy in the areas of bioprogramming, genet ic engineer ing, 
molecular  biology, biochemist ry, biotechnology, microbiology, st ructural  bioinformat ics, 
biocomput ing languages, bioinformat ics software, algor ithmic bioinformat ics etc.  
 
Dur ing the last  28 years of it s existence, the I IB has organised many seminars, 
symposia, convent ions, congresses and summits on di fferent  subjects relating to 
bioinformat ics. The I IB has designed the fol lowing Cert i ficate Courses for  the benefi t  of 
al l  those interested in acquir ing expert knowledge of bioinformat ics and related 
subjects : 
 
Cer t i f i cat e i n  Bi oi n for mat i cs 
 
Cer t i f i cat e i n  Bi opr ogr ammi ng L anguages 
 
Cer t i f i cat e i n  Genet i cs 
 
Cer t i f i cat e i n  St at i st i cal  M et hods and  DBM S 
 
Cer t i f i cat e i n  M olecu lar  B i ol ogy  and  B io Chemist r y  
 
Cer t i f i cat e i n  Bi ot echnology and  I ndust r i al  M i cr obi ol ogy  
 
Cer t i f i cat e i n  St r uct u r al  Bi oi n for m at i cs 
 
Cer t i f i cat e i n  Bi ocomput i ng L anguages 
 
Cer t i f i cat e i n  Bi oi n for mat i cs Sof t w ar e 
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Cer t i f i cat e i n  Algor i t hmic Bioi n for mat i cs 
 
Cer t i f i cat e i n  Comput at i on al  Bi ol ogy  
 
Dur at i on  : Three Months 
 
El i gi bi l i t y  : No Minimum Educat ional  Qual i ficat ion has been led down. Al l  those 
interested in acquir ing expert  knowledge of Bioinformat ics are el igible to apply. 
 
Fee : Rs. 3500 or  US$ 85 only to be paid on account  of admission, regist rat ion and 
evaluat ion fee. 
 
This amount  is to be t ransferred to our  Bank Account  having the fol lowing detai ls : 
 
Name of  t he Accou nt  : I nd i an  I nst i t u t e of  Bi oi n for m at i cs 
Bank  Name : I nd i an  Bank , Sak et  Br anch , New  D elh i , I nd i a 
Account  Number   :  6755880232 
I FS Code  :  I D I B000S097   
 
Step by step method of learning at  the Indian Inst i tute of Bioinformat ics : 
 

1. Get  the Admission Form downloaded and complete the same 
 

2. Email  the fi l led-up Admission Form 
 

3. Pay the Admission Fee by Cheque / Draft  / Elect ronic Transfer 
 

4. Receive the Rol l  Number and Study Mater ials 
  

5. Go through the e-book careful ly 
 

6. Complete the assignments and send the same to the Inst i tute by Emai l  / Post 
 

7. Submit  the Project  Report  based on your  exper ience and knowledge acquired 
regarding any topic relevant  to the admit ted student . 

 
8. Wait  for  the announcement  of resul ts. 

 
9. Receive the Cert i ficate (Onl ine) 

 
In case of any clar i ficat ion, contact  the Faci l i tat ion Officer , I ndian Inst i tute of 
Bioinformat ics, A 14-15-16, Paryavaran Complex, New Delhi  – 110030, India by post  or 
by Emai l  : bioinformat ics@ecology.edu 
 
For  any  cl ar i f i cat i on , con t act  m ay be m ade t h r ou gh  t el ephone by cal l i ng on  
011-29533801, 011-29533830, 011-29535053. 
 
24-H our s H elp l i ne : 9999833886 
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Roll Number Allotted Stamp Size Photo 
 
…………………….. 
 

 

INDIAN INSTITUTE OF BIOINFORMATICS 
A 14-15-16, Paryavaran Complex, South of Saket, New Delhi-110030 
Email : bioinformatics@ecology.edu  Tel. : 011-29533801, 011-29533830 
 

 
ADMISSION FORM 

 
NAME OF THE COURSE SELECTED …………………………………………………. 

 
Name of the Candidate …………………………………………………………………..………… 
 
Father’s Name …………………………………………………………………………….………… 
 
Mother’s Name ……………………………………………………………………………………… 
 
Date of Birth ………………………………….. Nationality……………………………………….. 
 
Address ……………………………………………………………………………………………… 
 
………………………………………………………………………………………………….…..… 
 
………………………………………………………………………………………………………… 
 
Email ………………………………Website (if any)……………………………………….……… 
 
Mobile……………………………...Telephone……………………………………………………… 
 
Educational Qualification ………………………………………………………………………….. 
 
………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………… 
 
Mention how will this course help you ? 
 
…………………………………………………………………………………………………..……… 
 
………………………………………………..………………………………………………..……… 
 
Details of Fee paid (Cheque / Draft / Electronic Transfer) 
 
………………………………………………..………………………………………………..……… 
 
………………………………………………..………………………………………………..……… 
 
 
Date Signature 
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The Prime Minister of India Hon’ble Shri  Chandra Shekhar inaugurating 

the I ndian I nsti tute of Bioinformatics (I I B) on the occasion of the 
World Envi ronment Day on 5th June  1991. 

 
 
OTH ER PUBL I CATI ON  
 
The Indian Inst i tute of Bioinformat ics (I IB) has also come out  with new publ icat ions for 
the benefi t  of scient ists, researchers, indust r ial  houses, pharmaceut ical  indust r ies, 
bioinformat ics organizat ions and companies, hospi tals and medical  laborator ies. The 
fol lowing is the i l lust rat ive but  not  exhaust ive l ist of topics : 
 

1. Int roduct ion to Bioinformat ics 
2. Sequence Analysis 
3. Genome Annotat ion 
4. Computat ional  Evolut ionary Biology 
5. Comparat ive Genomics 
6. Genet ics of Diseases 
7. Analysis of Mutations in Cancer 
8. Gene and Protein Expression 
9. St ructural  Bioinformat ics 
10. Predict ion of Protein St ructure 
11. Network and Systems Biology 
12. Molecular  Interact ion Networks 
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13. High-throughput  Image Analysis 
14. High-throughput  Single Cel l  Data Analysis 
15. Biodiversi t y Informat ics 
16. Web Services in Bioinformat ics 
17. Bioinformat ics Workflow Management  System 
18. Flow Cytomet ry Bioinformat ics 
19. Computat ional  Genomics 
20. Health Informat ics 
21. Computat ional  Bio-Model l ing 
22. Funct ional  Genomics 
23. Phylogenet ics 
24. Proteomics 
25. Intel l igent  Bioinformatics  

 

BI OI NFORM ATI CS 

 
Map of the human X chromosome (from the NCBI  websi te).  

Assembly of the human genome is one of the greatest achievements of bioinformatics. 

 
EVOL UTI ONARY BI OL OGY 
 

Bioinformat ics is an interdiscipl inary scient i fic field that  develops methods for  stor ing, 
ret r ieving, organizing and analyzing biological  data. A major act ivi t y in bioinformat ics 
is to develop software tools to generate useful  biological  knowledge. Bioinformat ics is a 
dist inct  science from biological computat ion, the lat ter being a computer  science and 
computer  engineer ing subfield using bioengineer ing and biology to bui ld biological 
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computers, whereas bioinformat ics simply uses computers to bet ter  understand biology. 
Bioinformat ics is simi lar  to computat ional biology and has simi lar  aims to it  but  di ffers 
on scale: whereas bioinformat ics works with basic biological  data (e.g. DNA bases), i .e. 
i t  works on the smal l  scale paying at tent ion to detai ls, computat ional  biology is a 
subfield of computer  science which bui lds large-scale general theoret ical models of 
biological  systems seeking to expand our understanding of them from an abst ract  point 
of view, just  as mathemat ical  biology does with mathemat ical  models. 

 

Bioinformat ics uses many areas of computer  science, statist ics, mathemat ics and 
engineer ing to process biological  data. Complex machines are used to read in biological 
data at  a much faster  rate than before and used in decoding the code of l i fe. Databases 
and informat ion systems are used to store and organize biological  data. Analyzing 
biological  data may involve algor i thms in ar t i ficial  intel l igence, soft  comput ing, data 
mining, image processing, and simulat ion. The algor i thms in turn depend on 
theoret ical  foundat ions such as discrete mathemat ics, cont rol theory, system theory, 
informat ion theory, and stat ist ics. Commonly used software tools and technologies in 
the field include Java, C#, XML, Per l , C, C++, Python, R, SQL, CUDA, MATLAB, and 
spreadsheet  appl icat ions. 

I NTRODUCTI ON 

H I STORY 

Paul ien Hogeweg coined the term "Bioinformat ics" in 1970 to refer  to the study of 
informat ion processes in biot ic systems. This defini t ion placed bioinformat ics as a field 
paral lel  to biophysics (the study of physical  processes in biological  systems) or 
biochemist ry (the study of chemical  processes in biological  systems). 

Sequences : Computers became essent ial  in molecular  biology when protein sequences 
became avai lable after Freder ick Sanger determined the sequence of insul in in the 
ear ly 1950s. Compar ing mult iple sequences manual ly turned out  to be impract ical . A 
pioneer in the field was Margaret  Oakley Dayhoff, who has been hai led by David 
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L ipman, director  of the Nat ional  Center  for  Biotechnology Informat ion, as the "mother 
and father  of bioinformat ics." Dayhoff compi led one of the fi rst  protein sequence 
databases, ini t ial ly publ ished as books and pioneered methods of sequence al ignment 
and molecular  evolut ion. Another  ear ly cont r ibutor  to bioinformat ics was Elvin A. 
Kabat , who pioneered biological  sequence analysis in 1970 with his comprehensive 
volumes of ant ibody sequences released with Tai  Te Wu between 1980 and 1991. 

Genomes : As whole genome sequences became avai lable, again with the pioneer ing 
work of Freder ick Sanger, the term bioinformat ics was re-discovered to refer  to the 
creat ion of databases such as GenBank in 1982. With the publ ic avai labi l i t y of data 
tools for  their  analysis were quickly developed and descr ibed in jour nals such as 
Nucleic Acids Research which publ ished special ized issues on bioinformatics tools as 
ear ly as 1982. 

Goal s : In order to study how normal cel lular act ivi t ies are al tered in di fferent  
disease states, the biological data must  be combined to form a comprehensive 
picture of these act ivi t ies. Therefore, the field of bioinformat ics has evolved 
such that  the most  pressing task now involves the analysis and interpretat ion 
of var ious types of data. This includes nucleot ide and amino acid sequences, 
protein domains, and protein st ructures. The actual  process of analyzing and 
interpret ing data is referred to as computat ional  biology. Important  sub-
discipl ines within bioinformat ics and computat ional  biology include: 

 the development and implementat ion of computer  programs that  enable efficient 
access to, use and management  of, var ious types of informat ion. 

 the development  of new algor ithms (mathemat ical formulas) and stat ist ical 
measures with which to assess relat ionships among members of large data sets. 
For  example, there are methods to locate a gene within a sequence, to predict 
protein st ructure and/or  funct ion, and to cluster  protein sequences into fami l ies 
of related sequences. 

The pr imary goal of bioinformat ics is to increase the understanding of biological 
processes. What  sets i t  apar t  from other  approaches, however, is i ts focus on developing 
and applying computat ional ly intensive techniques to achieve this goal. Examples 
include: pat tern recognit ion, data mining, machine learning algor i thms, and 
visual izat ion. Major  research effor ts in the field include sequence al ignment , gene 
finding, genome assembly, drug design, drug discovery, protein st ructure al ignment , 
protein st ructure predict ion, predict ion of gene expression and protein–protein 
interact ions, genome-wide associat ion studies, and the model ing of evolut ion. 

Bioinformat ics now entai ls the creat ion and advancement  of databases, algor i thms, 
computat ional  and stat ist ical  techniques, and theory to solve formal and pract ical 
problems ar ising from the management  and analysis of biological  data. 

Over the past  few decades rapid developments in genomic and other  molecular  research 
technologies and developments in informat ion technologies have combined to produce a 
t remendous amount  of informat ion related to molecular  biology. Bioinformat ics is the 
name given to these mathemat ical  and comput ing approaches used to glean 
understanding of biological  processes. 
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APPROACH ES 

Common act ivi t ies in bioinformat ics include mapping and analyzing DNA and protein 
sequences, aligning DNA and protein sequences to compare them, and creat ing and 
viewing 3-D models of protein st ructures. 

There are two fundamental  ways of model l ing a Biological  system (e.g., l iving cel l ) both 
coming under Bioinformat ic approaches. 

 Stat ic  
o Sequences – Proteins, Nucleic acids and Pept ides 
o Interact ion data among the above ent i t ies including microarray data and 

Networks of proteins, metabol i tes 
 Dynamic  

o St ructures – Proteins, Nucleic acids, L igands (including metabol i tes and 
drugs) and Pept ides (st ructures studied with bioinformat ics tools are not 
considered stat ic anymore and their  dynamics is often the core of the 
st ructural  studies) 

o Systems Biology comes under this category including react ion fluxes and 
var iable concent rat ions of metabol i tes 

o Mult i -Agent  Based model l ing approaches captur ing cel lular  events such as 
signal l ing, t ranscr ipt ion and react ion dynamics 

A broad sub-category under bioinformat ics is st ructural  bioinformat ics. 

M AJ OR RESEARCH  AREAS 

Bioinformat ics has become an important  par t  of many areas of biology. In exper imental 
molecular  biology, bioinformat ics techniques such as image and signal processing al low 
ext ract ion of useful  resul ts from large amounts of raw data. In the field of genet ics and 
genomics, i t  aids in sequencing and annotat ing genomes and their  observed mutat ions. 
I t  plays a role in the textual  mining of biological  l iterature and the development  of 
biological and gene ontologies to organize and query biological  data. I t  plays a role in 
the analysis of gene and protein expression and regulat ion. Bioinformat ics tools aid in 
the compar ison of genet ic and genomic data and more general ly in the understanding of 
evolut ionary aspects of molecular  biology. At  a more integrat ive level , i t helps analyze 
and catalogue the biological  pathways and networks that  are an important  par t  of 
systems biology. In st ructural  biology, i t  aids in the simulat ion and model ing of DNA, 
RNA, and protein st ructures as wel l  as molecular  interact ions. 

SEQUENCE ANAL YSI S 

Since the Phage Φ-X174 was sequenced in 1977, the DNA sequences of thousands of 
organisms have been decoded and stored in databases. This sequence informat ion is 
analyzed to determine genes that  encode polypept ides (proteins), RNA genes, 
regulatory sequences, st ructural  mot i fs, and repet it ive sequences. A compar ison of 
genes within a species or  between di fferent  species can show simi lar i t ies between 
protein funct ions, or  relat ions between species (the use of molecular  systemat ics to 
const ruct  phylogenet ic t rees). With the growing amount  of data, it  long ago became 
impract ical  to analyze DNA sequences manual ly. Today, computer  programs such as 
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BLAST are used dai ly to search sequences from more than 260 000 organisms, 
containing over  190 bi l l ion nucleot ides. These programs can compensate for  mutat ions 
(exchanged, deleted or  inser ted bases) in the DNA sequence, to ident i fy sequences that 
are related, but  not  ident ical . A var iant  of this sequence al ignment  is used in the 
sequencing process i t sel f. The so-cal led shotgun sequencing technique (which was used, 
for  example, by The Inst i tute for  Genomic Research to sequence the fi rst  bacter ial 
genome, Haemophi lus influenzae) does not produce ent i re chromosomes. Instead it 
generates the sequences of many thousands of smal l  DNA fragments (ranging from 35 
to 900 nucleot ides long, depending on the sequencing technology). The ends of these 
fragments over lap and, when al igned proper ly by a genome assembly program, can be 
used to reconst ruct  the complete genome. Shotgun sequencing yields sequence data 
quickly, but  the task of assembling the fragments can be qui te compl icated for  larger 
genomes. For  a genome as large as the human genome, i t  may take many days of CPU 
t ime on large-memory, mult iprocessor  computers to assemble the fragments, and the 
resul t ing assembly wi l l usual ly contain numerous gaps that  have to be fi l led in later. 
Shotgun sequencing is the method of choice for vi r tual ly al l  genomes sequenced today, 
and genome assembly algor i thms are a cr it ical  area of bioinformat ics research. 

Another  aspect  of bioinformat ics in sequence analysis is annotat ion. This involves 
computat ional  gene finding to search for  protein-coding genes, RNA genes, and other 
funct ional  sequences within a genome. Not  al l  of the nucleot ides within a genome are 
par t  of genes. Within the genomes of higher  organisms, large par ts of the DNA do not 
serve any obvious purpose. This so-cal led junk DNA may, however, contain 
unrecognized funct ional  elements. Bioinformat ics helps to br idge the gap between 
genome and proteome projects — for  example, in the use of DNA sequences for  protein 
ident i ficat ion. 

GENOM E ANNOTATI ON 

In the context  of genomics, annotat ion is the process of marking the genes and other 
biological  features in a DNA sequence. The fi rst  genome annotat ion software system 
was designed in 1995 by Owen White, who was par t  of the team at  The Inst itute for 
Genomic Research that  sequenced and analyzed the fi rst  genome of a free-l iving 
organism to be decoded, the bacter ium Haemophi lus i nfl uenzae. White bui l t  a software 
system to find the genes (fragments of genomic sequence that  encode proteins), the 
t ransfer  RNAs, and to make ini t ial  assignments of funct ion to those genes. Most 
current  genome annotat ion systems work simi lar ly, but  the programs avai lable for 
analysis of genomic DNA, such as the GeneMark program t rained and used to find 
protein-coding genes in Haemophi lus influenzae, are constant ly changing and 
improving. 

COM PUTATI ONAL  EVOL UTI ONARY BI OL OGY 

Evolut ionary biology is the study of the or igin and descent  of species, as wel l  as their 
change over  t ime. Informat ics has assisted evolut ionary biologists by enabl ing 
researchers to: 

 t race the evolut ion of a large number of organisms by measur ing changes in 
their  DNA, rather  than through physical  taxonomy or  physiological  observat ions 
alone, 
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 more recent ly, compare ent i re genomes, which permits the study of more 
complex evolut ionary events, such as gene dupl icat ion, hor izontal  gene t ransfer, 
and the predict ion of factors important  in bacter ial  speciat ion, 

 bui ld complex computat ional  models of populat ions to predict  the outcome of the 
system over  t ime 

 t rack and share informat ion on an increasingly large number of species and 
organisms 

Future work endeavours to reconst ruct  the now more complex t ree of l i fe. 

The area of research within computer  science that  uses genet ic algor ithms is somet imes 
confused with computat ional  evolut ionary biology, but  the two areas are not  necessar i ly 
related. 

COM PARATI VE GENOM I CS 

The core of comparat ive genome analysis is the establ ishment  of the correspondence 
between genes (or thology analysis) or  other  genomic features in di fferent  organisms. I t 
is these intergenomic maps that  make i t possible to t race the evolut ionary processes 
responsible for  the divergence of two genomes. A mult i tude of evolut ionary events 
act ing at  var ious organizat ional  levels shape genome evolut ion. At  the lowest  level, 
point  mutat ions affect  individual  nucleot ides. At  a higher  level , large chromosomal 
segments undergo dupl icat ion, lateral  t ransfer , inversion, t ransposi t ion, deletion and 
inser t ion. Ul t imately, whole genomes are involved in processes of hybr idizat ion, 
polyploidizat ion and endosymbiosis, often leading to rapid speciat ion. The complexi ty of 
genome evolut ion poses many exci t ing chal lenges to developers of mathemat ical  models 
and algor i thms, who have recourse to a spect ra of algor i thmic, stat ist ical  and 
mathemat ical  techniques, ranging from exact , heur ist ics, fixed parameter  and 
approximat ion algor i thms for  problems based on parsimony models to Markov Chain 
Monte Car lo algor ithms for  Bayesian analysis of problems based on probabi l ist ic 
models. 

Many of these studies are based on the homology detect ion and protein fami l ies 
computat ion. 

GENETI CS OF DI SEASE 

With the advent  of next -generat ion sequencing we are obtaining enough sequence data 
to map the genes of complex diseases such as infer t i l it y, breast  cancer  or  Alzheimer 's 
Disease. Genome-wide associat ion studies are essent ial  to pinpoint  the mutat ions for 
such complex diseases. 

ANAL YSI S OF M UTATI ONS I N CANCER 

In cancer , the genomes of affected cells are rearranged in complex or  even 
unpredictable ways. Massive sequencing effor ts are used to ident i fy previously 
unknown point  mutat ions in a var iety of genes in cancer. Bioinformat icians cont inue to 
produce special ized automated systems to manage the sheer volume of sequence data 
produced, and they create new algor i thms and software to compare the sequencing 
resul ts to the growing col lection of human genome sequences and germl ine 
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polymorphisms. New physical  detect ion technologies are employed, such as 
ol igonucleot ide microarrays to ident i fy chromosomal gains and losses (cal led 
comparat ive genomic hybr idizat ion), and single-nucleot ide polymorphism arrays to 
detect  known point mutations. These detect ion methods simultaneously measure 
several  hundred thousand si tes throughout  the genome, and when used in high-
throughput  to measure thousands of samples, generate terabytes of data per 
exper iment . Again the massive amounts and new types of data generate new 
opportuni t ies for  bioinformat icians. The data is often found to contain considerable 
var iabi l i t y, or  noise, and thus H idden Markov model and change-point  analysis 
methods are being developed to infer  real  copy number changes. 

Another  type of data that requires novel informat ics development is the analysis of 
lesions found to be recurrent  among many tumors. 

GENE AND PROTEI N EXPRESSI ON 

ANAL YSI S OF GENE EXPRESSI ON 

The expression of many genes can be determined by measur ing mRNA levels with 
mult iple techniques including microarrays, expressed cDNA sequence tag (EST) 
sequencing, ser ial  analysis of gene expression (SAGE) tag sequencing, massively 
paral lel  signature sequencing (MPSS), RNA-Seq, also known as "Whole Transcr iptome 
Shotgun Sequencing" (WTSS), or  var ious appl icat ions of mult iplexed in-si tu 
hybr idizat ion. Al l  of these techniques are ext remely noise-prone and/or  subject  to bias 
in the biological  measurement , and a major  research area in computat ional  biology 
involves developing stat ist ical  tools to separate signal from noise in high-throughput  
gene expression studies. Such studies are often used to determine the genes impl icated 
in a disorder : one might  compare microarray data from cancerous epi thel ial  cel ls to 
data from non-cancerous cel ls to determine the t ranscr ipts that  are up-regulated and 
down-regulated in a par t icular  populat ion of cancer  cel ls. 

ANAL YSI S OF PROTEI N EXPRESSI ON 

Protein microarrays and high throughput  (HT) mass spect romet ry (MS) can provide a 
snapshot  of the proteins present  in a biological  sample. Bioinformat ics is very much 
involved in making sense of protein microarray and HT MS data; the former approach 
faces simi lar  problems as with microarrays targeted at  mRNA, the lat ter  involves the 
problem of matching large amounts of mass data against  predicted masses from protein 
sequence databases, and the compl icated stat ist ical  analysis of samples where 
mult iple, but  incomplete pept ides from each protein are detected. 

ANAL YSI S OF REGUL ATI ON 

Regulat ion is the complex orchest rat ion of events star ting with an ext racel lular  signal 
such as a hormone and leading to an increase or  decrease in the act ivi t y of one or  more 
proteins. Bioinformat ics techniques have been appl ied to explore var ious steps in this 
process. For  example, promoter  analysis involves the ident i ficat ion and study of 
sequence mot i fs in the DNA surrounding the coding region of a gene. These mot i fs 
influence the extent  to which that  region is t ranscr ibed into mRNA. Expression data 
can be used to infer  gene regulat ion: one might  compare microarray data from a wide 
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var iety of states of an organism to form hypotheses about  the genes involved in each 
state. In a single-cel l  organism, one might  compare stages of the cell  cycle, along with 
var ious st ress condit ions (heat  shock, starvat ion, etc.). One can then apply cluster ing 
algor i thms to that expression data to determine which genes are co-expressed. For 
example, the upst ream regions (promoters) of co-expressed genes can be searched for 
over-represented regulatory elements. Examples of cluster ing algor i thms appl ied in 
gene cluster ing are k-means cluster ing, sel f-organizing maps (SOMs), hierarchical  
cluster ing, and consensus cluster ing methods such as the Bi-CoPaM. The later , namely 
Bi-CoPaM, has been actual ly proposed to address var ious issues speci fic to gene 
discovery problems such as consistent  co-expression of genes over  mult iple microarray 
datasets. 

STRUCTURAL  BI OI NFORM ATI CS 

PREDI CTI ON OF PROTEI N STRU CTURE 

Protein st ructure predict ion is another  important appl icat ion of bioinformat ics. The 
amino acid sequence of a protein, the so-cal led pr imary st ructure, can be easi ly 
determined from the sequence on the gene that  codes for  i t . In the vast  major i t y of 
cases, this pr imary st ructure uniquely determines a st ructure in i t s nat ive 
environment . (Of course, there are except ions, such as the bovine spongiform 
encephalopathy – a.k.a. Mad Cow Disease – pr ion.) Knowledge of this st ructure is vi tal 
in understanding the funct ion of the protein. For  lack of bet ter  terms, st ructural 
informat ion is usual ly classi fied as one of secondary, ter tiary and quaternary st ructure. 
A viable general  solution to such predict ions remains an open problem. Most  effor ts 
have so far  been directed towards heur ist ics that  work most  of the t ime. 

One of the key ideas in bioinformat ics is the not ion of homology. In the genomic branch 
of bioinformat ics, homology is used to predict  the funct ion of a gene: i f the sequence of 
gene A, whose funct ion is known, is homologous to the sequence of gene B, whose 
funct ion is unknown, one could infer  that  B may share A's funct ion. I n the st ructural  
branch of bioinformat ics, homology is used to determine which par ts of a protein are 
important  in st ructure format ion and interact ion with other proteins. In a technique 
cal led homology model ing, this informat ion is used to predict  the st ructure of a protein 
once the st ructure of a homologous protein is known. This current ly remains the only 
way to predict  protein st ructures rel iably. 

One example of this is the simi lar protein homology between hemoglobin in humans 
and the hemoglobin in legumes (leghemoglobin). Both serve the same purpose of 
t ransport ing oxygen in the organism. Though both of these proteins have completely 
di fferent  amino acid sequences, their  protein st ructures are vir tual ly ident ical , which 
reflects their  near  identical  purposes. 

Other  techniques for  predict ing protein st ructure include protein threading and de novo 
(from scratch) physics-based model ing. 

NETWORK AND SYSTEM S BI OL OGY 

Main ar t icles: Computat ional  systems biology, Biological  network and Interactome 
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Network analysis seeks to understand the relat ionships within biological  networks 
such as metabol ic or  protein-protein interact ion networks. Al though biological 
networks can be const ructed from a single type of molecule or  ent i t y (such as genes), 
network biology often at tempts to integrate many di fferent  data types, such as 
proteins, smal l  molecules, gene expression data, and others, which are al l  connected 
physical ly and/or  funct ional ly. 

Systems biology involves the use of computer  simulat ions of cel lular  subsystems (such 
as the networks of metabol i tes and enzymes which compr ise metabol ism, signal 
t ransduct ion pathways and gene regulatory networks) to both analyze and visual ize the 
complex connect ions of these cel lular  processes. Ar t i ficial  l i fe or  vi r tual  evolut ion 
at tempts to understand evolut ionary processes via the computer  simulat ion of simple 
(ar t i ficial) l i fe forms. 

M OL ECUL AR I NTERACTI ON NETWORKS 

Tens of thousands of three-dimensional protein st ructures have been determined by X-
ray crystal lography and protein nuclear  magnet ic resonance spect roscopy (protein 
NMR) and a cent ral  quest ion in st ructural  bioinformat ics is whether  i t  is pract ical to 
predict  possible protein–protein interact ions only based on these 3D shapes, without 
per forming protein–protein interact ion exper iments. A var iety of methods have been 
developed to tackle the protein–protein docking problem, though i t seems that there is 
st i l l  much work to be done in this field. 

Other  interact ions encountered in the field include Protein–l igand (including dr ug) and 
protein–pept ide. Molecular dynamic simulat ion of movement  of atoms about rotatable 
bonds is the fundamental  pr inciple behind computat ional  algor i thms, termed docking 
algor i thms, for  studying molecular  interact ions. 

OTH ERS 

L I TERATURE ANAL YSI S 

The growth in the number of publ ished l i terature makes i t  vi r tual ly impossible to read 
every paper, result ing in disjointed sub-fields of research. L iterature analysis aims to 
employ computat ional  and stat ist ical  l inguist ics to mine this growing l ibrar y of text  
resources. For  example: 

 abbreviat ion recognit ion – ident i fy the long-form and abbreviat ion of biological 
terms, 

 named ent i t y recognit ion – recognizing biological  terms such as gene names 
 protein-protein interaction – ident i fy which proteins interact  wi th which proteins 

from text  

The area of research draws from stat ist ics and computat ional  l inguist ics. 

H I GH -TH ROUGH PUT I M AGE ANAL YSI S 

Computat ional  technologies are used to accelerate or  ful ly automate the processing, 
quant i ficat ion and analysis of large amounts of high-informat ion-content  biomedical 
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imagery. Modern image analysis systems augment  an observer 's abi l i t y to make 
measurements from a large or  complex set  of images, by improving accuracy, 
object ivi t y, or  speed. A ful ly developed analysis system may completely replace the 
observer . Al though these systems are not  unique to biomedical  imagery, biomedical 
imaging is becoming more important  for  both diagnost ics and research. Some examples 
are: 

 high-throughput  and high-fi del i t y quant i ficat ion and sub-cellular  local izat ion 
(high-content  screening, cytohistopathology, Bioimage informat ics) 

 morphomet r ics 
 cl inical  image analysis and visual izat ion 
 determining the real-t ime air -flow pat terns in breathing lungs of l iving animals 
 quant i fying occlusion size in real-t ime imagery from the development  of and 

recovery dur ing ar ter ial  injury 
 making behavioral  observat ions from extended video recordings of laboratory 

animals 
 infrared measurements for  metabol ic act ivi t y determinat ion 
 inferr ing clone over laps in DNA mapping, e.g. the Sulston score 

H I GH -TH ROUGH PUT SI NGL E CEL L  DATA ANAL YSI S 

Computat ional  techniques are used to analyse high-throughput , low-measurement 
single cel l  data, such as that  obtained from flow cytomet ry. These methods typical ly 
involve finding populat ions of cel ls that  are relevant  to a par t icular  disease state or 
exper imental  condit ion. 

BI ODI VERSI TY I NFORM ATI CS 

Biodiversi t y informat ics deals with the collect ion and analysis of biodiversi t y data, such 
as taxonomic databases, or  microbiome data. Examples of such analyses include 
phylogenet ics, niche model l ing, species r ichness mapping, or  species ident i ficat ion 
tools. 

DATABASES 

Databases are essent ial  for  bioinformat ics research and appl icat ions. There is a huge 
number of avai lable databases cover ing almost  everything from DNA and protein 
sequences, molecular  st ructures, to phenotypes and biodiversi t y. Databases general ly 
fal l  into one of three types. Some contain data resul t ing direct ly from empir ical  
methods such as gene knockouts. Others consist of predicted data, and most  contain 
data from both sources. There are meta-databases that  incorporate data compi led from 
mult iple other  databases. Some others are specialized, such as those speci fic to an 
organism. These databases vary in their format , way of accession and whether  they are 
publ ic or  not . Some of the most  commonly used databases are l isted below. For  a more 
comprehensive l ist , please check the l ink at the beginning of the subsect ion. 

 Used in Mot i f Finding: GenomeNet  MOTIF Search 
 Used in Gene Ontology: DAVID, FuncAssociate, GATHER 
 Used in Gene Finding: H idden Markov Model 
 Used in finding Protein St ructures/Family: PFAM 
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 Used for  Next  Generat ion Sequencing: (Not  database but  data format ), FASTQ 
Format 

 Used in Gene Expression Analysis: GEO 
 Used in Network Analysis: Interact ion Analysis Databases(BioGRID, MINT, 

HPRD), Funct ional  Networks (STRING, KEGG) 

Please keep in mind that  this is a quick sampl ing and general ly most  computat ion data 
is supported by wet  lab data as wel l . 

SOFTWARE AND TOOL S 

Software tools for  bioinformat ics range from simple command-l ine tools, to more 
complex graphical  programs and standalone web-services avai lable from var ious 
bioinformat ics companies or  publ ic inst i tut ions. 

OPEN-SOURCE BI OI NFORM ATI CS SOFTWARE 

Many free and open-source software tools have existed and cont inued to grow since the 
1980s. The combinat ion of a cont inued need for  new algor i thms for  the analysis of 
emerging types of biological  readouts, the potent ial  for  innovat ive in si l ico exper iments, 
and freely avai lable open code bases have helped to create opportuni t ies for  all  research 
groups to cont r ibute to both bioinformat ics and the range of open-source software 
avai lable, regardless of their  funding arrangements. The open source tools often act  as 
incubators of ideas, or  community-supported plug-ins in commercial  appl icat ions. They 
may also provide de facto standards and shared object  models for  assist ing with the 
chal lenge of bioinformat ion integrat ion. 

The range of open-source software packages includes t i t les such as Bioconductor , 
BioPer l , Biopython, BioJava, BioRuby, Biocl ipse, EMBOSS, .NET Bio, Taverna 
workbench, and UGENE. In order  to maintain this t radi t ion and create fur ther 
opportuni t ies, the non-profi t  Open Bioinformat ics Foundat ion have supported the 
annual Bioinformat ics Open Source Conference (BOSC) since 2000. 

WEB SERVI CES I N BI OI NFORM ATI CS 

SOAP- and REST-based inter faces have been developed for  a wide var iety of 
bioinformat ics appl icat ions al lowing an appl icat ion running on one computer  in one 
par t  of the wor ld to use algor i thms, data and comput ing resources on servers in other 
par ts of the wor ld. The main advantages der ive from the fact  that  end users do not 
have to deal wi th software and database maintenance overheads. 

Basic bioinformatics services are classi fied by the EBI  into three categor ies: SSS 
(Sequence Search Services), MSA (Multiple Sequence Al ignment ), and BSA (Biological 
Sequence Analysis).  

The avai labi l i t y of these service-or iented bioinformat ics resources demonst rate the 
appl icabi l i t y of web-based bioinformat ics solut ions, and range from a col lection of 
standalone tools with a common data format  under a single, standalone or  web-based 
inter face, to integrat ive, dist r ibuted and extensible bioinformat ics workflow 
management  systems. 
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BI OI NFORM ATI CS WORKFL OW M ANAGEM ENT SYSTEM S 

A Bioinformat ics workflow management  system is a special ized form of a workflow 
management  system designed speci fical ly to compose and execute a ser ies of 
computat ional  or  data manipulat ion steps, or  a workflow, in a Bioinformat ics 
appl icat ion. Such systems are designed to 

 provide an easy-to-use environment  for  individual  appl icat ion scient ists 
themselves to create their  own workflows 

 provide interact ive tools for  the scientists enabl ing them to execute their 
workflows and view their  resul ts in real-t ime 

 simpl i fy the process of shar ing and reusing workflows between the scient ists. 
 enable scient ists to t rack the provenance of the workflow execut ion resul ts and 

the workflow creat ion steps. 

Current ly, there are at  least  four  plat forms giving this service: Galaxy, Kepler , Taverna 
Andur i l  and Anvaya. 

EDUCATI ON PL ATFORM S 

Software plat forms designed to teach bioinformat ics concepts and methods include 
Rosal ind and onl ine courses offered through the Swiss Inst itute of Bioinformat ics 
Training Portal . 

CONFERENCES 

There are several  large conferences that  are concerned with bioinformat ics. Some of the 
most  notable examples are Intel l igent  Systems for  Molecular  Biology (ISMB), European 
Conference on Computat ional Biology (ECCB), Research in Computat ional  Molecular 
Biology (RECOMB) and Amer ican Society of Mass Spect romet ry (ASMS). 

 
 
 


