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Bioinformatics
An interdisciplinary field that develops

methods and software tools for studying
biological data, which combine computer
science, statistics, mathematics and
engineering.

❑ Sequence analysis

❑ Gene and protein expression

❑ Structural bioinformatics

❑ Network and systems biology

❑ Databases

❑ Software and tools
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Gene Function in Human
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Its not difficult to introduce mutations, but its extremely 
difficult to bring desired powers through mutations. 



Transcription
Why is important?
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There are around 4000,000,000 base pairs in the 
human genome, so you would expect between 10 
and 100 new mutations per person that occur 
early enough in embryonic development to be 
present in most cells in the body. 

Twins share the same genes but 
their environments become more different as they age.



Objectives
Students are able to…
• To explain currently molecular techniques for analyze gene 

expression and function

• To apply the most suitable techniques for analyze the gene 
expression and function in different research areas

• To synthesize the proper experimental procedures for 
working on research related to study the gene function and 
expression
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Outline
Students are able to…
• To explain currently molecular techniques for analyze gene 

expression and function

• To apply the most suitable techniques for analyze the gene 
expression and function in different research areas

• To synthesize the proper experimental procedures for 
working on research related to study the gene function and 
expression
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The Central Dogma

Prokaryote Eukaryote



Gene prediction in Prokaryote

• Translational start codon:
• ATG (alternatives as GTG or TTG)

• Shine-Delgarno sequence
• purine-rich sequence complementary to 16S rRNA
• Slightly upstream of translational start codon
• Consensus sequence of AGGAGGT

• Stop codon
• TGA, TAG, and TAA in DNA (UGA, UAG, and UAA in RNA)

• Transcriptional termination signal
• Rho-independent terminator 
• stem loop structure followed by a string of Ts 8

gene
TTTT

ATG Stop codon

RBS
+1

promoter

Transcription unit

Translation unit



Gene prediction in Eukaryote
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Gene prediction in Eukaryote
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Further Reading
Amino acids. https://en.wikipedia.org/wiki/Amino_acid
Biochemistry. https://en.wikipedia.org/wiki/Biochemistry
NCBI Books. http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Books
Protein structures. http://www.rcsb.org/



Gene prediction in Eukaryote
• Large nuclear genomes → Very low gene density

• In humans, only 3% of the genome codes for genes, with about 1 gene 
per 100 kbp on average

• Space between genes is very large and rich in repetitive sequences and 
transposable elements

• Mosaic organization
• Gene is split into pieces (exons) by intervening noncoding sequences 

(introns)
• 5’ capping for methylated initial residue of RNA
• Polyadenylation at 3’ end with a consensus of CAATAAA(T/C)
• Splicing junctions of introns and exons: GT-AG rule
• Most vertebrate genes:

• ATG as translation start codon with conserved flanking sequence (Kozak
sequence, CCGCCATGG)

• high density of CG dinucleotides near transcription start site (CpG island, ρ
refers to the phosphodiester bond connecting two nucleotides)
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Gene prediction program
• Homology-based programs

• Exon structures and exon sequences of related species are 
highly conserved

• Many homologous sequences to be compared with are 
derived from cDNA or expressed sequence tags (ESTs) of the 
same species

• Novel genes in a new species cannot be discovered without 
matched  in the database

• GenomeScan (http://genes.mit.edu/genomescan.html)
• EST2Genome (http://emboss.bioinformatics.nl/cgi-

bin/emboss/est2genome)
• TwinScan (http://mblab.wustl.edu/)
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Gene prediction program

• Consensus-based programs
• Integrated approach: use several different programs to 

generate lists of predicted exons

• Common predictions agreed by most programs and 
removing inconsistent predictions

• GeneComber: combined HMMgene with GenScan
• (http://www.bioinformatics.ubc.ca/gencombver/index.php )

• DIGIT (http://digit.gsc.riken.go.jp/cgi-bin/index.cgi )
• Combines FGENESH, GENSCAN and HMMgene
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http://www.bioinformatics.ubc.ca/gencombver/index.php
http://digit.gsc.riken.go.jp/cgi-bin/index.cgi


ORF Finder and BLAST
https://www.ncbi.nlm.nih.gov/orffinder/
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https://www.ncbi.nlm.nih.gov/orffinder/


• Transcribe as mRNA
• Gene expression analysis
• Transcription start site
• RNA detection

• Translate as protein
• In vitro translation
• Protein detection

• Protein activity (function)
• Protein activity assay

15

Confirmation of gene prediction ?



Gene expression and regulation
• Gene expression: 

• house-keeping (always express in 
the similar level)

• inducible (regulated by regulatory 
elements)

• Gene regulation:
• Prokaryote: Mainly transcriptional 

regulation and indirect regulation: 
small RNAs, tRNAs, and proteins

• For eukaryote, many levels of 
control include chromatin 
packing, transcription, RNA 
processing, translation, and 
various alterations to the protein 
product.
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Transcriptional regulation
• Direct transcriptional regulation

• Protein-DNA binding affects the level of gene expression
• Promoter analysis: sequence and motif
• Regulatory elements

• RNA polymerase and sigma factor
• Regulatory proteins

• Binding motif and structure of protein
• Binding affinity and sequence homology
• Sensor and response

• Indirect regulation
• Change in gene expression via intermediates
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Promoter prediction: Prokaryotic gene
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polymerase

ORF

-35 box
-10 box

TF site

TF

• 70 factor binds to -35 and -10 boxes and recruit full polymerase enzyme

• - 35 box consensus sequence: TTGACA

• - 10 box consensus sequence: TATAAT

• Transcription factors that activate or repress transcription

• Bind to regulatory elements

• DNA loops to allow long-distance interactions



Promoter prediction: Prokaryotic gene
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• Find operon and upstream of-first gene is promoter

• Wang rules (distance between genes, no -independent termination, 

number of genomes that display linkage)

• BPROM (http://www.softberry.com)

• Based of arbitrary setting of operon epen distances

• 200bop upstream of first gene

• many FPs

• FindTerm (http://sun1.softberry.com)

• Searches for -independent 

termination signals

• Prodoric (http://prodoric.tu-bs.de/)

• A comprehensive database about 

gene regulation and gene expression 

in prokaryotes



Promoter prediction: Eukaryotic gene structure
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Polymerase I, II and III

Basal transcription factors (TFIID, TFIIA, TFIIB, etc.)

TATA box (TATA(A/T)A(A/T)

“Housekeeping” genes often do not contain TATA boxes

Initiatior site (Inr) (C/T) (C/T) CA(C/T) (C/T) coincides with 

transcription start

Many TF sites

Activation/repression

TF site

TF site TATA Inr

Pol II



Promoter prediction: Eukaryotic gene structure
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• Searching for consensus sequences in databases (TransFac)

• Increase specuificity by searching for CpG islands

• High density fo trasncription factor binding sitres

• CpGProD (http://pbil.univ-lyon1.fr/software/cpgprod.html)

• CG% inmoving window

• Eponine (http://servlet.sanger.ac.uk:8080/eponine/)

• Matches TATA box, CCAAT box, CpG island to PSSM

• Cluster-Buster (http://zlab.bu.edu/cluster-buster/cbust.html)

• Detects high concentrations of TF sites

• FirstEF (http://rulai.cshl.org/tools/FirstEF/)

• QDA of fisrt exonboundary

• McPromoter (http://genes.mit.edu/McPromoter.html)

• Neural net of DNA bendability, TAT box,initator box

• Trained for Drosophila and human sequences



Transcriptional regulators
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➢ Tfsitescan (Institute for Transcriptional Informatics, Pittsburgh, U.S.A.) - This tool is 

intended for promoter sequence analysis and works best with sequences of ~500 nt. 

➢ PLACE (National Institute of Agrobiological Sciences, Japan) - Plant cis-acting 

regulatory DNA elements. PlnTFDB - Plant Transcriptional Factor Database - allows 

BLAST searching (Reference:P. Pérez-Rodríguez et al. 2009 Nucl. Acids Res. 38:

D822-D872) or here for related site. 

➢ DBD: Transcription factor prediction database (Gesellschaft für Biotechnologische

Forschung mbH (GBF), Braunschweig, Germany) (Reference: D. Wilson et al. 2010. 

Nucl. Acids Res. 36: D88-D92)

➢ rVista 2.0 (Comparative Genomics Center, Lawrence Livermore National Laboratory, 

U.S.A.) - High-throughput discovery of functional regulatory elements in sequence 

alignments. Excluding up to 95% false positive transcription factor binding sites 

predictions while maintaining high sensitivity of the search. 

➢ TESS (Transcription Element Search System) is a web tool for predicting transcription 

factor binding sites in DNA sequences. It can identify binding sites using site or 

consensus strings and positional weight matrices from the TRANSFAC, JASPAR, IMD, 

and our CBIL-GibbsMat database. This resource is best for scanning short DNA 

sequences.

➢ PlantTFDB Plant Transcription Factor Database (Peking University, China) -

provides search and Blast search capability.

➢ Bmicc (http://www.bmicc.org/web/english/home) National Scientific Data Sharing 

Platform for Population and Health Biolicine Information Center

http://www.ifti.org/cgi-bin/ifti/Tfsitescan.pl
http://www.dna.affrc.go.jp/PLACE/signalscan.html
http://plntfdb.bio.uni-potsdam.de/v3.0/
http://planttfdb.cbi.pku.edu.cn/search.php
http://dbd.mrc-lmb.cam.ac.uk/DBD/index.cgi?Home
http://rvista.dcode.org/
http://www.cbil.upenn.edu/cgi-bin/tess/tess?RQ=WELCOME
http://planttfdb.cbi.edu.cn/index.php
http://planttfdb.cbi.edu.cn/search.php
http://planttfdb.cbi.edu.cn/blast.php


Protein-DNA binding motif
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MotifMap: genome-wide 

maps of regulatory 

elements

•TRANSFAC Matrix models
•One important point to know is that not all 
the matrix models are experimentally curated 
or good. So not all models can be used from 
TRANSFAC.
•JASPAR is another one mentioned above with 
high quality matrix models.
•UniPROBE
•Human Protein-DNA Interactome (hPDI)
•Factorbook

MAPPER2 - Multi-genome 

Analysis of Positions and Patterns 

of Elements of Regulation

http://www.gene-
regulation.com/pub/databases.html

http://www.gene-regulation.com/pub/databases.html
http://jaspar.genereg.net/cgi-bin/jaspar_db.pl
http://the_brain.bwh.harvard.edu/uniprobe/browse.php
http://bioinfo.wilmer.jhu.edu/PDI/FAQ.html
http://www.factorbook.org/mediawiki/index.php/Welcome_to_factorbook


Gene expression: RNA structure
• RNA is single stranded, although some parts can self-hybridize to form partial double-stranded 

structures.
• mRNA is more or less linear and nonstructured, whereas rRNA and tRNA can only function by 

forming particular secondary and tertiary structures.

• RNA can act as enzymes (ribozymes) to speed chemical reactions. tRNA structure is responsible!
• The secondary structures of rRNA is key for RNA-based phylogenetic analysis.
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Type of RNA structures
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stem
loop

Helical junction

Watson-Crick base pairing 
(canonical base pairing)

A-U, G-C

noncanonical base pairing
G-U, less stable but normally 
occurs within double-stranded 
Helix to form 
tertiary structure



RNA structure prediction
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Prediction based on a single RNA sequence
Search for RNA structure with lowest energy
Free energy calculated from G-C < A-U < G-U < unpaired pairs
Stacking between aromatic rings (van der Waals interactions) gives rise to 
cooperativity
Neighboring loops or bulges impose unfavorable entropic change
Find all possible base-pairing interaction
Calculate the energy of each and choose the lowest energy configuration

1. Dot Matrices
Plot all interactions in self alignment plot
Find diagonals after applying sliding window

2. Dynamic Programming
Find the single optimal match
Use Watson-Crick and wobble base pairing scores
Conformations with slightly higher energies may exist without optimal
base pairing



RNA structure prediction program
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3. Partition function

Use a probability distribution to generate sub-optimal 

structures within a given energy range

Mfold

http://mfold.bioinfo.rpi.edu/applications/mfold/

Dynamic programming and thermodynamic calculation

RNAfold

http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi

Extend alignment to more than one diagonal in dotplot
to calculate thermodynamic stability of structures



RNA structure prediction program
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4. Comparative Approach
• Assumption that homologous RNA sequences fold into same structure
• Covariant regions in homologous sequences are likely to be base-paired
• Predict consensus structure based on predictions for all aligned sequences

RNAalifold
http://rna.tbi.univie.ac.at/cgi-bin/RNAalifold.cgi
Prealignment
Predictions based on covariance, minimum free energy, dynamic programming 
finds optimal structure for entire alignment

Foldalign
http://foldalign.ku.dk/
No prealignment
Clustal alignment and dynamic programming



SOFT BERRY
http://www.softberry.com/berry.phtml?topic=index&group=programs&subgroup=gfindb

BP-ROM
http://www.softberry.com/berry.phtml?topic=bprom&group=programs&subgroup=gfindb

FIND-TERM
http://www.softberry.com/berry.phtml?topic=findterm&group=programs&subgroup=gfindb
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http://www.softberry.com/berry.phtml?topic=index&group=programs&subgroup=gfindb
http://www.softberry.com/berry.phtml?topic=bprom&group=programs&subgroup=gfindb
http://www.softberry.com/berry.phtml?topic=findterm&group=programs&subgroup=gfindb


Virtual Footprint
http://www.prodoric.de/vfp/
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http://www.prodoric.de/vfp/
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Transcriptomics
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Hybridization 
and Scanning

GE Database 
(SQL Server)

Primary 
Analysis

(MAS-5, S-
score, d-chip, 

PDNN)

Clustering 
Techniques

Statistical 
Filtering

(e.g. SAM)

Overlay 
Biological 
Databases
(PubGene, 
GenMAPP, 

EASE, 
WebQTL, etc.)  

Provisional 
Gene 

“Patterns”

Filtered Gene 
Lists

Candidate 
Genes

Molecular 
Validation (RT-

PCR, in situ, 
Western)

Behavioral 
Validation

Normalize, De-
noise

Experimental 
Design

Workflow of 
Oligonucleotide 

microarray
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Global gene expression analysis
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Microarray data interpretation
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Stepwise Analysis of Microarray Data

• Low-level analysis -- image analysis, expression 
quantitation

• Primary analysis -- is there a change in expression?

• Secondary analysis -- what genes show correlated 
patterns of expression? (supervised vs. 
unsupervised)

• Tertiary analysis -- is there a phenotypic “trace” for 
a given expression pattern?
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Microarray
Analysis 

software tools

Resources of 
gene 

expression
analysis
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Mapping of 
expression 

data on 
networks

“Cytoscape” 
Online program 

http://cytoscape.org/



GEO PROFILE, NCBI
https://www.ncbi.nlm.nih.gov/geoprofiles/
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https://www.ncbi.nlm.nih.gov/geoprofiles/


Genome technology
The canonical structure of DNA has four bases: 
thymine (T), adenine (A), cytosine (C), and guanine (G). 
Bacteriophage: hydroxy methyl or hydroxy methyl 
glucose cytosine. Mammalian DNA, variant bases with 
methyl groups or phosphosulfate may be found i.e. 5mC 
(5 methyl cytosine) 
The chain-termination method developed by Frederick 
Sanger and coworkers in 1977 soon became the method 
of choice, owing to its relative ease and reliability: 
Sanger Method
• Dominant for last ~30 years 
• 1000bp longest read
• Based on primers so not good for repetitive or SNPs 

sites
The term "de novo sequencing" specifically refers to 

methods used to determine the sequence of DNA with 
no previously known sequence. Gaps in the assembled 
sequence may be filled by primer walking. An example of the results of automated 

chain-termination DNA sequencing.
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Example of NGS Work Flow



https://www.youtube.com/watch?v=MxkYa9X
CvBQ&feature=player_embedded

re-sequence the genome of previously sequenced organisms (re-sequencing)
sequence the genomes of organisms with unknown sequences (de novo sequencing)
determine RNA abundance levels (RNA-seq)
determine protein–DNA binding regions (ChIP-seq)
determine protein–RNA binding sequences (CLIP-seq)
homozygosity mapping then whole-exome seq: disease-causing mutations in a patient 
Targeted sequencing: more affordable, yields much higher coverage of genomic 
regions of interest, and reduces sequencing cost and time
in population genetic study/the status quo of integrative cancer genomic approaches
Having aligned the fragments of one or more individuals to a reference genome, ‘SNP 
calling’ identifies variable sites, whereas ‘genotype calling’ determines the genotype 
for each individual at each site.
and more…

Next Generation 
Sequencing

https://www.youtube.com/watch?v=MxkYa9XCvBQ&feature=player_embedded
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NGS by using RNA seq

Methods. 2015 Jun 16. pii: S1046-2023(15)00254-6.
Differential RNA-seq (dRNA-seq) for annotation of 
transcriptional start sites and small RNAs in Helicobacter pylori.
Bischler T, Tan HS, Nieselt K, Sharma CM.
Research Center for Infectious Diseases (ZINF), University of Würzburg, 
Josef-Schneider-Str. 2 / Bau D15, 97080 Würzburg, Germany.

Population of RNA (poly A+) 

converted to a library of cDNA

fragments with adaptors attached to 

one or both ends

Solid Phase Amplification performed

Molecules sequenced from one end 

(Single End) or both ends (Pair End) 

Reads are typically 30-400bp 

depending on sequence technology 

used 
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NGS by using ChIP seq



• Expression analysis
• Indirect control

• Intermediate regulator
• Sensor and response, enhancer or repressor

• Direct binding
• Protein (Transcriptional regulator)

• Protein-DNA binding
• Foot-printing
• Site-directed mutagenesis
• Complementation

• DNA (gene promoter)
• Promoter analysis
• Reporter enzyme activity assay
• Site-directed mutagenesis
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Confirmation of Transcriptional Control?



Article Data Analysis
Transcriptomics analysis

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0137762

https://www.ncbi.nlm.nih.gov/pubmed/21749987
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https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0137762
https://www.ncbi.nlm.nih.gov/pubmed/21749987


The Functional Analysis of Genomes
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Gene function
1. Functional genomics is the study of the function of genes 

and their products: Gene annotation, Gene ontology, and 
prediction of gene function

2. Functional genomics – analysis of genome wide gene 
expression and gene functions

DNA microarrays (“gene chips”) enable the analysis of gene expression at the whole-
genome level;
-DNA fragments are deposited on a slide
-Probed with labeled mRNA from different sources
-Active/inactive genes are identified

Next generation Sequencing: 
• “RNAseq” for Transcriptiomic study
• “ChIPseq” for identifying the regulator’s targets
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Genome Annotation
1. Sequence
2. Gene structures (GenScan, FgenesH)
3. Predictions verified by BLAST against 

sequence database, cDNA and EST 
(GeneWise, Spidey, SIM4, EST2Genome)

4. Manually verified by human curators
5. Functional assignment of proteins by 

BLAST searches of protein database
6. Further functional description from Pfam

and InterPro and literature
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• Ab initio, i.e. based on sequence 
alone

• INFERNAL/rFAM (RNA genes), 
miRBase (miRNAs), 
RepeatMasker (repeat families), 
many gene prediction 
algorithms (e.g. AUGUSTUS, 
Glimmer, GeneMark, …)

• Evidence-based
• Require transcriptome data for 

the target organism (the more 
the better)

• Align cDNA sequences to 
assembled genome and 
generate gene models: 
TopHat/Cufflinks, Scripture

• BLAST of gene models against protein 
databases

• Sequence similarity to known proteins
• InterProScan of predicted proteins against 

databases of protein domains (Pfam, 
Prosite, HAMAP, PANTHER, …)

• Mapping against Gene Ontology terms 
(BLAST2GO)



DATABASES and DATA Sources
• DNA sequencing

• Sanger method, chain termination sequencing (dideoxy)
• Shotgun sequencing and clone contig approach
• Pyrosequencing (immobilized on beads)
• Next generation sequencing

• RNA sequencing 
• Not well due to minor nucleotides and RNA editing
• Next generation sequencing

• Protein sequencing
• Edman degradation with labelled terminal residues
• Mass spectrometry (MS, m/z ratio): Soft ionization methods (without 

degradation)
• ESI (electrospray ionization)
• MALDI (Matrix assisted laser desorption/ionization)
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Expressed Sequence Tags
• partial sequences of cDNA clones could also be used in 

the discovery of new genes (Adams et al. 1991). Because 
cDNA clones are derived from expressed genes, the 
sequences were called expressed sequence tags (ESTs). 
ESTs are generated by the end-sequencing of cDNAs
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Pharmacogenetics (or pharmacogenomics)

Personalized Medicine and Biomarkers
Next-Generation Sequencing (NGS)

Proteogenomics 53



Further Reading
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cap. http://doua.prabi.fr/software/cap3
dbest. https://www.ncbi.nlm.nih.gov/dbEST/
dbgss. https://www.ncbi.nlm.nih.gov/dbGSS/
dbsnp. https://www.ncbi.nlm.nih.gov/SNP/
dbsts. https://www.ncbi.nlm.nih.gov/dbSTS/
ebi-gwas. http://www.ebi.ac.uk/gwas/
grailexp. http://compbio.ornl.gov/grailexp/
gwas. http://www.gwascentral.org/
helix-nebula. http://www.helix-nebula.eu/usecases/embl-use-case
homologene. http://www.ncbi.nlm.nih.gov/homologene/
hts-mapper. http://www.ebi.ac.uk/~nf/hts_mappers/
humatrix. https://www.humatrix.de/
image. http://imageconsortium.org/
nematode. http://www.nematode.net/
ngs-knowledge-base. https://goo.gl/HIaY1W
ngs-movie. https://www.youtube.com/watch?v=jFCD8Q6qSTM



DATABASES and DATA Sources
• Primary sequence databases (raw sequence data)

• GenBank by National Center for Biotechnology Information (NCBI)
• Nucleotide sequence database by European Molecular Biology Laboratory (EMBL)
• Nucleotide sequence database by DNA Databank of Japan (DDBJ)

• Subsidiary sequencing databases
• dbEST is a part of GenBank (EST = Expressed sequence tag)
• dbGSS: GSS = genome survey sequences, single-pass genomic sequences
• dbSTS : STS = sequence tagged sites (unique sequence for physical markers)
• HTG = high-throughput genomic, unfinished genomic sequence data

• Protein sequence databases
• SWISS-PROT (features table & sequence) + TrEMBL (Translated EMBL) = UniPort
• UniPort (Universal protein resources): function, classification, and cross references

1. UniRef combined similar sequences together in a single records
2. UniParc keep a record of the history of the sequences
3. UniMes a record of metagenomics and environmental data
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SWISS-PROT features table is 
started with 2 letters as means 
as:

ID identity
AC accession number
DT date
DE description
GN gene name 
CC comment

! as continuation line
DR reference
KY   key words
FT   features



DATABASES and DATA Sources
• Organism-specific resources

57
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DATABASES and DATA Sources
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NCBI 
database:

“Entrez”
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DATABASES and DATA Sources
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DATABASES and DATA Sources



GENBANK
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ENTREZ
• Query of the GenBank database is carried out via the NCBI Entrez system [entrez], 

which is used to query all NCBI-associated databases (NCBI Resource Coordinators 
2016).
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Other Primary Databases

• EMBL and DDBJ
• ENA Online Retrieval

• Protein sequence databases
• UniProt
• NCBI Protein Database
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Secondary Databases

• Prosite
• PRINTS
• Pfam
• Interpro
• Genotype-Phenotype Databases

• PhenomicDB
• Molecular Structure Databases

• Protein Data Bank
• CATH
• PubChem

65



Further Reading
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bankit. 
http://www.ncbi.nlm.nih.gov/WebSub/?tool=genbank
cath. http://www.cathdb.info/
dbgap. http://www.ncbi.nlm.nih.gov/gap
ddbj. http://www.ddbj.nig.ac.jp/
ebi. http://www.ebi.ac.uk/
ebi-manual. 
http://www.ebi.ac.uk/embl/Documentation/User_manual/
usrman.html
ena. http://www.ebi.ac.uk/ena/
entrez. http://www.ncbi.nlm.nih.gov/nucleotide
entrez-help. 
http://www.ncbi.nlm.nih.gov:80/entrez/query/static/help/
helpdoc.html
expasy. http://www.expasy.org/
flybase. http://www.flybase.org/
gb-sample. 
http://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html
genbank. http://www.ncbi.nlm.nih.gov/Genbank/
homologene. http://www.ncbi.nlm.nih.gov/homologene
interpro. http://www.ebi.ac.uk/interpro/
mgd. http://www.informatics.jax.org/
nar. http://nar.oxfordjournals.org/

ncbi. http://www.ncbi.nlm.nih.gov/
nig. https://www.nig.ac.jp/nig/
omia. http://omia.angis.org.au/home/
omim. 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM
pdb. http://www.rcsb.org/pdb/home/home.do
pdb-models. 
http://www.rcsb.org/pdb/search/searchModels.do
pfam. http://pfam.xfam.org/
phenomicdb. http://www.phenomicdb.de/
pir. 
http://pir.georgetown.edu/pirwww/dbinfo/pir_psd.shtml
prints. http://bioinf.man.ac.uk/dbbrowser/PRINTS/
prosite. http://prosite.expasy.org/
prosite-manual. http://prosite.expasy.org/prosuser.html
pubchem. http://pubchem.ncbi.nlm.nih.gov/
scop. http://scop.mrc-lmb.cam.ac.uk/scop/
scop2. http://scop2.mrc-lmb.cam.ac.uk/
sequin. http://www.ncbi.nlm.nih.gov/Sequin/
swissprot. http://www.expasy.org/sprot/
tigr. http://maize.jcvi.org/
uniprot. http://www.uniprot.org/
wormbase. http://www.wormbase.org/
wwpdb. http://www.wwpdb.org/



Gene Ontology
• Uses limited vocabulary to describe: cellular components, biological processes, and molecular 

functions

• Vocabulary arranged in a hierarchical manner from widest to most specific description
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Cytochrome c oxidase
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DATABASES and DATA Sources

Further Reading
bioedit. http://www.mbio.ncsu.edu/bioedit/bioedit.html
blast. https://blast.ncbi.nlm.nih.gov
clustalomega. http://www.ebi.ac.uk/Tools/msa/clustalo/
ddbj-blast. http://ddbj.nig.ac.jp/blast/blastn?lang=en
embnet. http://www.embnet.org/
embl-blast. https://www.ebi.ac.uk/Tools/sss/ncbiblast/nucleotide.html
emboss. http://emboss.sourceforge.net/
expasy. https://www.expasy.org/
genscan. http://genes.mit.edu/GENSCAN.html
glimmer. http://ccb.jhu.edu/software/glimmer/index.shtml
ncbi. http://www.ncbi.nlm.nih.gov/
ncbi-blast. http://www.ncbi.nlm.nih.gov/blast/

ncbi-blast. http://www.ncbi.nlm.nih.gov/blast/



Annotation of hypothetical proteins
In newly sequences, genome as much as 40% of protein are “hypothetical”

To assign function:
• Homology searches in databases
• Search for similar motifs, domains and secondary structures
• Identify conserved functional sites by HMM
• Predict structure with fold recognition or threading
• Assign broad function to protein
• Test assigned function experimentally
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Genome Economy
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One gene → one protein is not true
EST suggests >100,000 proteins in humans (from 25,000 genes)

Alternative splicing
• Joining different exons from a single transcript to form different proteins

Exon shuffling
• Joining exons from different genes
• Drosophila Dscam gene contains 115 exons, 20 of which are constitutively spliced 

and 95 of which are alternatively spliced
• Expresses 38,016 different mRNAs by virtue of alternative splicing

Trans-splicing
• Drosophila mdg4 gene
• Joins 4 exons on sense strand and 2 exons on anti-sense strand
• Single transcript of encodes dentin phosphoprotein and sialoprotein. Protein is 

cleaved to form two different proteins



Comparative Genomics
Compare genomes from different organisms

•Whole Genome Alignment
•Extent of genome conservation
•Mechanism of genome evolution
•MUMer and BLASTZ
•Modified BLAST to align long genome 
sequences

•Finding a minimal genome
•What are the minimum number of genes to 
support a free-living cellular entity?
•Useful to identify genes constituting essential 
metabolic pathways

•Lateral Gene Transfer
•Identify by G-C skew
•GC%
•Codon bias
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Gene order comparisons
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• Where gene order is conserved between genomes, it is called synteny
• Synteny may indicate functional relationships and physical interaction of proteins
• Genes encoding proteins catalyzing consecutive steps of metabolic pathway 

sometimes are ordered – co-regulation of “operon”?
• MAL cluster in yeast: multigene complex that encodes the MAL23 trans-acting MAL-

activator, MAL21 maltose permease, and MAL22 maltase in order on chromosomes 
2, 3, 7, 9 and 10



• Gene mutation
• Gene knock-out
• Gene deletion
• Transposable element

• Alteration of gene expression
• Gene overexpression

• Expression plasmid/vector
• Integrated chromosomal expression 

• Gene silencing
• RNAi: microRNA, siRNA

• Protein activity assay (enzyme/cofactor/complex)
• Physiological function analysis (direct and indirect)
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Confirmation of Gene Function?
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…further reading…
1. Choudhuri S. Bioinformatics for beginners: Gene, 

Genome, Molecular Evolution, Databases, and 
Analytical tools. Elsevier Inc, 2014, 225 pp.

2. Jin Xiong. Essential Bioinformatics. Cambridge 
University Press, 2006, 339 pp.

3. Hodgman TC, French A, and Westhead DR. 
Bioinformatics. Taylor & Francis Group, 2010, 340 pp.
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Recommended Reference Books
• Use for educational purpose 

only in SCBT401, MUSC-BT
• https://drive.google.com/drive/folders/1OIhG8

HWxuPhPUtjFAT6NNVXVuzV7dz2l?usp=sharing

https://doi.org/10.1016/C2012-0-07153-0

https://doi.org/10.1016/C2020-0-03935-6

Applied Bioinformatics - An Introduction | 
Paul M. Selzer | Springer

https://drive.google.com/drive/folders/1OIhG8HWxuPhPUtjFAT6NNVXVuzV7dz2l?usp=sharing
https://doi-org.ejournal.mahidol.ac.th/10.1016/C2012-0-07153-0
https://doi-org.ejournal.mahidol.ac.th/10.1016/C2020-0-03935-6
https://www.springer.com/gp/book/9783319682990

