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• Current biology generate a large amount of data from high-
throughput technologies.  Drawing biologically meaningful 
inferences from these data requires analysis in the framework 
of good mathematical models.  
– Mathematics has become a necessary tool for biology.

• Currently available computer power allows us to investigate 
sufficiently detailed mathematical models to draw biologically 
realistic inferences.  
– Mathematics has become a useful tool for biology.



The Past



What is bioinformatics ?What is bioinformatics ?

The design, implementation, and use of computer 
algorithms to draw inferences from massive sets of 

biomolecular data. 

An interdisciplinary science linking the life sciences to the 
computational, mathematical and statistical sciences.



What does bioinformatics involve?What does bioinformatics involve?

Modified from  R.F. Yeh, UCSF



The emergence of bioinformaticsThe emergence of bioinformatics

• With the discovery of DNA came a desire among 
biologist to understand how the genetic structure affects 
the biological traits of organisms.

• Sequencing is not sufficient (95% is junk DNA)

• Genes must be identify and their function need to be 
determine.

• Biological phenomena must link to protein identity, 
structure and genomic origin.



caaagcactaggattataggcgtgagccaccgtgcccggccaacaatgtcatttctttttcaggagtggggggtatccacagatgagctctggcttgtggggtccagtaagattggaggcgct
acttggggagggtgagccgctggtcccaggccaggcctggcctgtctccctcatgtgacttgaggaccaacagcacactgtggtttttgtctttatcagcaacaaatctgacacgctgcccctg
gccactcggtacaacgtcaagtgcgtggggctgtccccggatggccgcctcgctatcatcgtcgatgaaggtacttgcccttgatgtgggcgggtactgaggggaccagtgaggaggactca
gggctgtgtgggtctgaaatgatccgctccccagtcgcctccgtgttggggcccgggtggggattggggatgagggtgtcatgggcgaggctgcgtccccgccgcaggctgtgtctgtggcat
cacctgtggcagggcagggcctcatggcccttgggcattctcagtcctgactcctcacagtggacgcgagaaagacctttctccgtttttcccgtgctatgtatctggggtggcccctggggtagc
tgcgcggtggtgacctctggcgtcctgcagggggcgatgcgctgctggtcagcctggtctgcaggtctgtgctgcaccacttccacttcaagggctctgtgcacagtgtgtccttctcccctgatg
gcaggtaagggggacagcttgggggcaggagggttcggccgtgcatgccgacggtgaggcccactgcccagctcgtttccctgggccccgggttgtgacgttgggttgggcacacggccc
aagctctggcattggtgacccccttttctggaggagaaggcttggtgcggccaggctgccctccctccagggctgtttcttccctgacttttgcttcctctgctccttggcctccatcctgcaggagg
cgggactccagaaggcccaggtgggtgcaggctgagactccacagtggccttagggccattgctggtcttgaatatcaactatgtccgcgttccttccataggaagtttgttgtcacaaagggt
aacattgcccagatgtatcatgcccctgggaagaagcgggagttcaacgccttcgttctggacaagacctattttgggccctacgatgagaccacctgcatcgactggacggatgactccag
gtgcggcctcagaggcttcgggggagcggggcttgagagaggccccttggacaggtcacccccttgggccctgcagcttcgttccgcaatggcatctcggcctcctttggggctgggcgctg
cccacaccatcaggactggctgggtggctgtggtccagtctttgcggctctgaagtgtgtgctgtggccgagcctcctgcccctgcactgccctttcacctgtttgtcccagaaactgggaatgct
gtggttggctcgggcagcgtctgggaggagttaggaaggcagacagggcagggacagcgtctgggaggtgtgaggaaggcagacagggcaggggctgtgccggggtgtcttcctgtgc
ctggaggcgtctcagctcactctgagaccacgtggggctgtagcggtctccgtgcagccctctggagcttgcacctggctgctttgttatggccaagccctgaggaggtgccatctccctcttttc
caggtgctttgtggttgggagcaaagacatgtccacctgggtgttcggagccgagcgctgggacaacctcatctactatgcactggggggacataaggatgccatcgtggcctgcttctttgaa
tccaacagcctggacgtatgtccctttgccaagttccctagcctgatggtggccaaaagcggctagttcagggaggccccaggctgcaggcggcctcttcctgcggttcccccaggctgttccc
gtgtggcctgggggcatctagggaccgatggcagctgtggcggcccatcgagaattgttctcagagttcagaggggccgtcggtgccactggtccctggatctgagctggagggaggtgcc
gggttgtggcagctgggccagtgtggctggggctggggtgaccctgtgcttccccttgcagctgtactcactcagccaggacggagtgctgtgcatgtggcagtgtgacacgccccccgagg
gcttgcggctgaagccccctgcgggctggaaagcagacctgttgcagcgggaggaggaagaggaggaggaggaggaccaggagggcgacagagagaccaccatccggggaaaa
gccactccggccgaggaggagaagacaggaaaagtgaagtactcacggctggccaagtaggtctctgaggtgtggtgggctgtggcggggcactcctgtgggaatctcttgcccccaga
gggatctggatgtggggtccccagggccgaggagtgggaggtacagagagcaggcctgcgtctcagggccccggtttgagcaccctcgagtgcttgggtgttgaccctgccccttaagcag
ggtccctgcctcggctgtctgagctgcctgtgtgcccagggcagggcagagggcggtgggtaggggtgcatagggggcagggaggtgtgcgggcactccgtgacgggaatagcagcac
cttgggccctaagggggttgggagttgtctgtggccccaccagcttctgtggagtttggtgtgggcgatagtcccttggcctcgtgcagggagatgccgggagagcatttggcaagggtggag
ggagggaccgggctgtgagtgggcgcagcgagtggtctgagtcctgcttcggggcccgctggtgggtggtacttggtgctttttcaggcactgagctgggccgtgcagccccgcatccggac
tcagtcccccagacgagacgagatgagatgagactgagcccggccccacggactgcctgtgggatggccttagctgtgcctggagccctggcagagatgctgccctgattcggggtgtccc
gcgtctgggctgtggggggaggctggtcaggatcacatgaaggcagagttgcccgcagctatggtgtctccgtcacccgggtgccccagcctgggcccctccttgctgcagttgcttagcgcc
tgctgtgtgcagggctctgaacttggcactgagacacactgcccacccttgtgaggcctcctctccgccggggaggagaggtgcagtgatgaggtggctgcgtgcggaggtgggcggcagt
tggggtccctgggtggggaaggcgcccacacaaggccctgcctgtggagggagccaggcggccagaacgggctgcctttggaggggttggggtctgctgggtaggtgggagttgtggcc
atgagagccctgggtctgaggagcagggagggccggctggactccagtgggaggagggtgctttgccaagggcagcggagttggagggtggccagaacaggtccaagtgggtcagtg
cccacaagtgagtcagtgcccgcgggtgggtcagtgcccgtgagtccgtgcccgtcagtgcccgcggggacttgggggtgttgtgctggagtcaagacttgaatggggactggaggaaga
ggaagggatgatgggccccccaaccccgccctggggaagggaggttccaggcagctccaggaagacagtgtgcctgctaggcggggactgcgggctgtcagcgcgaaacatgtgaag
ggagggcctgctgcattggcagccagtgctccctgtcacttgttcaggagggacggggtccagaaaggagagggaaggaccagggctgagctacaacgtgacttggggaggttttgagg
gcgggggtgccatcagggtcaccttcgtctgctgatggggaccgagggttccttagaggaggaagcagcaggggatgatgggattcgggtgtgcctggcggccatgccgcgcctcccgca
cctcctctgcctcccatgggcactgctgtctctgggtgcaccactagctctgctgtggggccagctggcgacagtggagatgctgtgtgaggttcctttggggtcccgagcttgggatggaggcg
ggcagcttcagggcctggggtggagagggagagggcaggtctgggacctcctgcctggatctgtggcctgtgtcctggagcccagagcaagctggggtggcagtctggctctgcgctcctc
ctcacaactcttctctctcgtcaattcaggtacttcttcaataaagaaggggattttaacaacctgacagctgcagcatttcataagaagtctcacctcttggtcactggctttgcttctggaatcttcc
atcttcatgagctgccagagtttaacctcatccactccctgaggtaagcctttgctcgcagtggggtgtggttttatgcactcactggccctgaatctgagggcccagccaagcctgcccttagca



caaagcactaggattataggcgtgagccaccgtgcccggccaacaatgtcatttctttttcaggagtggggggtatccacagatgagctctggcttgtggggtccagtaagattggaggcgct
acttggggagggtgagccgctggtcccaggccaggcctggcctgtctccctcatgtgacttgaggaccaacagcacactgtggtttttgtctttatcagcaacaaatctgacacgctgcccctg
gccactcggtacaacgtcaagtgcgtggggctgtccccggatggccgcctcgctatcatcgtcgatgaaggtacttgcccttgatgtgggcgggtactgaggggaccagtgaggaggactca
gggctgtgtgggtctgaaatgatccgctccccagtcgcctccgtgttggggcccgggtggggattggggatgagggtgtcatgggcgaggctgcgtccccgccgcaggctgtgtctgtggcat
cacctgtggcagggcagggcctcatggcccttgggcattctcagtcctgactcctcacagtggacgcgagaaagacctttctccgtttttcccgtgctatgtatctggggtggcccctggggtagc
tgcgcggtggtgacctctggcgtcctgcagggggcgatgcgctgctggtcagcctggtctgcaggtctgtgctgcaccacttccacttcaagggctctgtgcacagtgtgtccttctcccctgatg
gcaggtaagggggacagcttgggggcaggagggttcggccgtgcatgccgacggtgaggcccactgcccagctcgtttccctgggccccgggttgtgacgttgggttgggcacacggccc
aagctctggcattggtgacccccttttctggaggagaaggcttggtgcggccaggctgccctccctccagggctgtttcttccctgacttttgcttcctctgctccttggcctccatcctgcaggagg
cgggactccagaaggcccaggtgggtgcaggctgagactccacagtggccttagggccattgctggtcttgaatatcaactatgtccgcgttccttccataggaagtttgttgtcacaaagggt
aacattgcccagatgtatcatgcccctgggaagaagcgggagttcaacgccttcgttctggacaagacctattttgggccctacgatgagaccacctgcatcgactggacggatgactccag
gtgcggcctcagaggcttcgggggagcggggcttgagagaggccccttggacaggtcacccccttgggccctgcagcttcgttccgcaatggcatctcggcctcctttggggctgggcgctg
cccacaccatcaggactggctgggtggctgtggtccagtctttgcggctctgaagtgtgtgctgtggccgagcctcctgcccctgcactgccctttcacctgtttgtcccagaaactgggaatgct
gtggttggctcgggcagcgtctgggaggagttaggaaggcagacagggcagggacagcgtctgggaggtgtgaggaaggcagacagggcaggggctgtgccggggtgtcttcctgtgc
ctggaggcgtctcagctcactctgagaccacgtggggctgtagcggtctccgtgcagccctctggagcttgcacctggctgctttgttatggccaagccctgaggaggtgccatctccctcttttc
caggtgctttgtggttgggagcaaagacatgtccacctgggtgttcggagccgagcgctgggacaacctcatctactatgcactggggggacataaggatgccatcgtggcctgcttctttgaa
tccaacagcctggacgtatgtccctttgccaagttccctagcctgatggtggccaaaagcggctagttcagggaggccccaggctgcaggcggcctcttcctgcggttcccccaggctgttccc
gtgtggcctgggggcatctagggaccgatggcagctgtggcggcccatcgagaattgttctcagagttcagaggggccgtcggtgccactggtccctggatctgagctggagggaggtgcc
gggttgtggcagctgggccagtgtggctggggctggggtgaccctgtgcttccccttgcagctgtactcactcagccaggacggagtgctgtgcatgtggcagtgtgacacgccccccgagg
gcttgcggctgaagccccctgcgggctggaaagcagacctgttgcagcgggaggaggaagaggaggaggaggaggaccaggagggcgacagagagaccaccatccggggaaaa
gccactccggccgaggaggagaagacaggaaaagtgaagtactcacggctggccaagtaggtctctgaggtgtggtgggctgtggcggggcactcctgtgggaatctcttgcccccaga
gggatctggatgtggggtccccagggccgaggagtgggaggtacagagagcaggcctgcgtctcagggccccggtttgagcaccctcgagtgcttgggtgttgaccctgccccttaagcag
ggtccctgcctcggctgtctgagctgcctgtgtgcccagggcagggcagagggcggtgggtaggggtgcatagggggcagggaggtgtgcgggcactccgtgacgggaatagcagcac
cttgggccctaagggggttgggagttgtctgtggccccaccagcttctgtggagtttggtgtgggcgatagtcccttggcctcgtgcagggagatgccgggagagcatttggcaagggtggag
ggagggaccgggctgtgagtgggcgcagcgagtggtctgagtcctgcttcggggcccgctggtgggtggtacttggtgctttttcaggcactgagctgggccgtgcagccccgcatccggac
tcagtcccccagacgagacgagatgagatgagactgagcccggccccacggactgcctgtgggatggccttagctgtgcctggagccctggcagagatgctgccctgattcggggtgtccc
gcgtctgggctgtggggggaggctggtcaggatcacatgaaggcagagttgcccgcagctatggtgtctccgtcacccgggtgccccagcctgggcccctccttgctgcagttgcttagcgcc
tgctgtgtgcagggctctgaacttggcactgagacacactgcccacccttgtgaggcctcctctccgccggggaggagaggtgcagtgatgaggtggctgcgtgcggaggtgggcggcagt
tggggtccctgggtggggaaggcgcccacacaaggccctgcctgtggagggagccaggcggccagaacgggctgcctttggaggggttggggtctgctgggtaggtgggagttgtggcc
atgagagccctgggtctgaggagcagggagggccggctggactccagtgggaggagggtgctttgccaagggcagcggagttggagggtggccagaacaggtccaagtgggtcagtg
cccacaagtgagtcagtgcccgcgggtgggtcagtgcccgtgagtccgtgcccgtcagtgcccgcggggacttgggggtgttgtgctggagtcaagacttgaatggggactggaggaaga
ggaagggatgatgggccccccaaccccgccctggggaagggaggttccaggcagctccaggaagacagtgtgcctgctaggcggggactgcgggctgtcagcgcgaaacatgtgaag
ggagggcctgctgcattggcagccagtgctccctgtcacttgttcaggagggacggggtccagaaaggagagggaaggaccagggctgagctacaacgtgacttggggaggttttgagg
gcgggggtgccatcagggtcaccttcgtctgctgatggggaccgagggttccttagaggaggaagcagcaggggatgatgggattcgggtgtgcctggcggccatgccgcgcctcccgca
cctcctctgcctcccatgggcactgctgtctctgggtgcaccactagctctgctgtggggccagctggcgacagtggagatgctgtgtgaggttcctttggggtcccgagcttgggatggaggcg
ggcagcttcagggcctggggtggagagggagagggcaggtctgggacctcctgcctggatctgtggcctgtgtcctggagcccagagcaagctggggtggcagtctggctctgcgctcctc
ctcacaactcttctctctcgtcaattcaggtacttcttcaataaagaaggggattttaacaacctgacagctgcagcatttcataagaagtctcacctcttggtcactggctttgcttctggaatcttcc
atcttcatgagctgccagagtttaacctcatccactccctgaggtaagcctttgctcgcagtggggtgtggttttatgcactcactggccctgaatctgagggcccagccaagcctgcccttagca



Alexandersson et al. Genome Res. 2003; 13: 496-502

Generalized Pair HMM for simultaneous human-
mouse gene predictions (SLAM)



PostPost--genome biologygenome biology

• What does each gene do? 
• How are the genes regulated?
• What are the roles of genes in each disease?

– Disease processes
– Molecular diagnosis
– Genetic predisposition

Ultimately, 
to understand life and provide personalized medicine



Gene expression Gene expression 
-- microarraysmicroarrays



The expression of the genetic information stored in the DNA molecule 
occurs in two stages:

(i) transcription , during which DNA is transcribed into mRNA; 
(ii) translation , during which mRNA is translated to produce a protein. 

Idea: measure the amount of mRNA to see which genes are being 
expressed in (used by) the cell.

Gene expressionGene expression
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Expression profiling with Expression profiling with AffymetrixAffymetrix arraysarrays

Scanning

RNA 1RNA 1

RNA 2RNA 2

Prepare FluorescentlyPrepare Fluorescently
Labeled targetLabeled target

AnalysisHybridization



MetaMeta--analysis in biostatisticsanalysis in biostatistics

• Meta-analysis involves combining 
summary information from related 
but independent studies.

• Increasing power to detect an 
overall treatment effect.

• Assessment of the amount of 
variability between studies.

• Publication bias



Identify DE genesIdentify DE genes

• Looking for concordance; transformation to a unit-less metric 
(statistics)
– Correlation.
– T or F-statistics or p-values
Example:
S =  -2* logP1 + -2* logP2+ … + -2* logPn

• Comparing genes quantitatively.
– Normalization.
– Removing unwanted variation.
– Linear modeling with platform as 
– an effect.



mDEDSmDEDS measuremeasure



Protein expression Protein expression 
-- iTRAQiTRAQ



ProteinsProteins

A L D L K P G Q S

Peptide 
sequence



iTRAQ : iTRAQ : isobaric tag for relative and isobaric tag for relative and 
absolute quantitation absolute quantitation 

• Identify and quantify proteins through MS/MS.
• Analyses up to 8 samples simultaneously
• isobaric tag labelling 

– Reporter (m/z: 112-119) + balancer

– Gives identical peptides from different samples the same mass

Reporter Balancer Peptide

Isobaric tag

Ross et al, Mol. Cell. Proteomics 3, 2004



Comparing protein expressionComparing protein expression

Digested 
peptides

1 2

Trypsin

iTRAQ reagents

Separations in to smaller fractions

Mass spectrometry

Data analysis – ID & quantification

Sample 
peptides

Labelled 
peptides

114 115

8…



Illustration: ms/msIllustration: ms/ms
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iTRAQ data analysisiTRAQ data analysis

iTRAQTM tagging

Protein 

digest

Quantitative 

proteins

MS/MS

PreprocessPeptide IDProtein ID

iTRAQ

Reporter 

ions

Quantisation



An example of processed An example of processed 
iTRAQ experiment iTRAQ experiment ……..

01281799DLSQPESDEEsp|Q15751

231

223

200

452

4550

115.1

120

20

18

450

93

114.1

1214921471643PGRQGAAGLKGsp|Q01955|

014912228293166GLPGFSGSPGLPGTP

0150022318212LLPLLLVLLAAA

2040023CPSGTWGLNCNESCTC

60000GCQLPCQCRHGASCDPsp|A6BM72

0395211039365RLQTEACRLGQLHPAAsp|Q9NRC6

1870014EEGGGGQGD

123750628218396448TNGAGVTVLRsp|Q9NVF7

117.1116.1117.1116.1115.1114.1PeptideProtein

Control Trt 1 Trt 2 Trt 2 Trt 3 Trt 3 EmptyTrt1

• Experimental design … how many samples?
• How to model missing values? 



Target decoy search methodTarget decoy search method

• Create a decoy protein database from the target database and 
search the input spectra upon the decoy database. Each decoy 
(peptide)-spectrum match is treated as a false discovery. 

• The overall decoy-spectrum matches is used to estimate the FDR for 
the target database.

target

decoy F

Elias & Gygi, Nature Methods - 4, 207-214 (2007).
Gyqi et al., Nature Methods, Vol. 2, - 9., 667-675 (2005). 

Assumptions:
• Target and decoy databases do not overlap.
• Target and decoy false positives are equally likely to be selected by 

the search algorithm.



Reverse based approachReverse based approach

>PROX
FRKNMRTGTSQA

>rev_PROX
AQSTGTRMNKRF

Features:
(1) Produce a decoy database with equal size to the target database

(2) Create a decoy sequence for each protein entry individually

(3) Completely preserve the general composition of the target database

Can reverse based decoy database faithfully estimate false 
positive identifications (FPI) in target database?  



DataData

• Seattle spectra dataset is a protein mixture analysed by the ABI 4700 
spectrometer. The dataset contains 18 known proteins derived from 
multiple organisms (Bovine, E. coli, B. licheniformis, Rabbit, Horse, 
and Chicken) 
– Target database used: SWISS-PROT sequence library 

• Aurum spectra dataset is generated by MALDI TOF/TOF. It contains 
246 known proteins from human-only protein mixture with 100 
possible contaminants. 
– Target database used: human specific SWISS-PROT sequence library 

J.A. Falkner et al. Journal of the American Society
for Mass Spectrometry, 18(5):850–855, 2007.

J. Klimek et al Journal of
Proteome Research, 7(1):96–103, 2008.



SimulationSimulation
Examine equal likelihood of false positive identification (FPI).
• Removing the known protein sequences of the reference dataset 

from the target database. 
• Concatenating the target database and the decoy database and 

search the reference spectra against the concatenated database.
• Comparing the number of matches from the target database and the

decoy database.



Substitution based approachSubstitution based approach

>PROX
FRKNMRTGTSQA

>sub_PROX
FSKNTRMGTSQR

Amino Acid
Substitution Matrix

Substitution probability -- P

Two key parameters:
1. Substitution probability
value p.
2. Substitution matrix M.



Comparison with reverse decoy approachComparison with reverse decoy approach

Reverse

Substitution



Other current problems Other current problems ……

• Sequence alignment
• Gene finding
• Genome assembly
• Protein structure alignment
• Prediction of gene expression
• Protein-protein interaction
• Modeling evolution
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