
Genome Analysis 

Chuan-Hsiung Chang (張傳雄) 
Institute of Biomedical Informatics,  

National Yang Ming University 
cchang@ym.edu.tw 

 
March 12, 2013 

TIGP-BP B2 



Functional 
genomics 

Structural 
Genomics 

Comparative 
Genomics 



Comparative Genomics 

The Great New Wave of  
the Genomics Research 

http://www.genomesonline.org/ 



Comparative Genomics Graphs 



Comparative genomics  

There are many ways that genomes can be compared 
 

•  Whole genome 
–  Genome size 
–  Genome alignments 
–  Synteny (gene order conservation) 
–  Gene number 
–  Anomalous regions 

•  Gene-centric 
–  Gene families and unique genes 
–  Gene clustering by function 

•  Gene sequence variations 
–  Codon usage, SNPs, inDels, pseudogenes 
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What is compared? 

•  Gene location 
•  Gene structure 

–  Exon number 
–  Exon lengths 
–  Intron lengths 
–  Sequence similarity 

•  Gene characteristics 
–  Splice sites 
–  Codon usage 
–  Conserved synteny 
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Comparative Genomics 
•  What is conserved between species? 

– Genes for basic processes 
•  Understand the uniqueness between different 

species 
– Their adaptive traits 

•  What makes closely related species different? 
•  Analyzing & comparing genetic material from 

different species to study evolution, gene 
function, and inherited disease 
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1.  Conservation over long evolutionary distances suggests functional constraints  

2.  Lack of conservation over short distances may be indicative of adaptive evolution  

3.  Helps us identify both coding and non-coding genes and regulatory elements 

4.  Characterizing the differences between organisms reveals mechanisms of 
change 

5.  Allows us to achieve a greater understanding of vertebrate evolution 

6.  Leveraging knowledge between species for annotation and inference of function 

7.  Tells us what is common and what is unique between different species at the 
genome level 

8.  The function of human genes and other regions may be revealed by studying 
their counterparts in simpler model organisms 
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Why Comparative Genomics? 



Comparative bioinformatics analysis is the cornerstone of in silico-based approaches to understand biological 
systems and processes across species. To provide the infrastructure necessary to sustain biomedical research currently 
conducted in the NRPGM, especially in projects addressing the needs of comparative bioinformatics analysis, this 
comparative bioinformatics core service has established an integrated annotation and comparative bioinformatics 
framework. 

CBS Web service 

bGAS (bacterial Genome Annotation System)  

 iCAP (Integrated Comparative Analysis Platform) 
Digital Life contains information of various genome 
comparison results.  

http://cbs.ym.edu.tw/	



CBS R&D CAMP (Comparative Analysis of 
Metabolic Pathways ) APBRO (Automated Prediction of 

Bacterial Replication Origin ) 

CAGO  ( Comparative Analysis of Genome Organization ) 

CICP (Comparative Identification of 
Conservation Profiles ) 

IVBS (Influenza Virus 
Bioinformatics System ) BGEdb (Bacterial Gene 

Expression Database ) 
BPdb (Bacterial 
Phenome Database ) 
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IVBS	  web	  site
http://cbs.ym.edu.tw/services/ivbs/index.php	
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IVBS	  web	  site
http://cbs.ym.edu.tw/services/ivbs/index.php	
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IVBS	  web	  site
http://cbs.ym.edu.tw/services/ivbs/index.php	
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Dynamic	  plots	  of	  data	  sta7s7cs	  	  
are	  automa7cally	  updated
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IVBS	  web	  site
http://cbs.ym.edu.tw/services/ivbs/index.php	

	  	  	  	  	  	  8	  segmented	  nega7ve	  RNA	  
strands	  of	  Influenza	  virus:	  
¤  PB2	  (Polymerase	  component)	  
¤  PB1	  (Polymerase	  component)	  
¤  PA	  (Polymerase	  component)	  
¤  HA	  (Haemagglu7nin)	  
¤  NP	  (Nucleocapsid)	  
¤  NA	  (Neuraminidase)	  
¤  MP	  (Matrix	  and	  Membrane	  	  	  

	  	  	  	  	  	  	  	  	  proteins)	  
¤  NS	  (Nonstructural	  proteins)	  	  
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IVBS	  rela7onal	  informa7on
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IVBS	  sequence	  analysis	  pipeline	  

Text search	

Working set	

Phylogenetic analysis	Similarity search	

Search result	Blast result	
Multiple alignment	

Sequence download	Phylo-mlogo	
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IVBS	  Biological	  feature	  analysis	  pipeline	  

Search entry	 Select entry	

Hi titer	 Drug resistance	Epitope	

Integration-SwissProt	
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Integra7on	  of	  mul7ple	  data	  sources	  

MHC-I binding prediction	 B-cell epitope prediction	



Genome  
Resources 



NAR Database Categories List 

  Nucleotide Sequence Databases  
   RNA sequence databases  
   Protein sequence databases  
   Structure Databases  
   Genomics Databases (non-vertebrate)  
   Metabolic and Signaling Pathways  
   Human and other Vertebrate Genomes  
   Human Genes and Diseases  
   Microarray Data and other Gene Expression Databases  
   Proteomics Resources  
   Other Molecular Biology Databases  
   Organelle databases  
   Plant databases  
   Immunological databases 

http://www.oxfordjournals.org/nar/database/c/ 







http://www.pathguide.org/	



Steps of Genome Analysis 

Genome sequencing & assembly 
Repeat sequence masking 

Organism 
DNA mRNA 

Make cDNA 

Look for EST sequences Gene prediction 

Gene annotation 

Reconstruction of metabolic pathways & gene regulatory network 

Comparative genomics 

Functional genomics 

Model building/simulation prediction 



Gene prediction 

aatgcatgcggctatgctaatgcatgcggctatgctaagctgggatccga
tgacaatgcatgcggctatgctaatgcatgcggctatgcaagctgggatc
cgatgactatgctaagctgggatccgatgacaatgcatgcggctatgcta
atgaatggtcttgggatttaccttggaatgctaagctgggatccgatgac
aatgcatgcggctatgctaatgaatggtcttgggatttaccttggaatat
gctaatgcatgcggctatgctaagctgggatccgatgacaatgcatgcgg
ctatgctaatgcatgcggctatgcaagctgggatccgatgactatgctaa
gctgcggctatgctaatgcatgcggctatgctaagctgggatccgatgac
aatgcatgcggctatgctaatgcatgcggctatgcaagctgggatcctgc
ggctatgctaatgaatggtcttgggatttaccttggaatgctaagctggg
atccgatgacaatgcatgcggctatgctaatgaatggtcttgggatttac
cttggaatatgctaatgcatgcggctatgctaagctgggaatgcatgcgg
ctatgctaagctgggatccgatgacaatgcatgcggctatgctaatgcat
gcggctatgcaagctgggatccgatgactatgctaagctgcggctatgct
aatgcatgcggctatgctaagctcatgcggctatgctaagctgggaatgc 

: Computational Challenge 



What’s a gene 

•  What is a gene, post-ENCODE?  
–  ENCODE consortium: characterization of 1% of the human 

genome by experimental and computational techniques 
 

•  Definitions:  
–  Definition 1970s–1980s: Gene as open reading frame (ORF) 

sequence pattern 
–  Definition 1990s–2000s: Annotated genomic entity, enumerated 

in the databanks 
–  The gene is a union of genomic sequences encoding a coherent 

set of potentially overlapping functional products 



Mark B. Gerstein et al. Genome Res. 2007; 17: 669-681 

The gene is a union of genomic sequences encoding a 
coherent set of potentially overlapping functional products 

Post-ENCODE definition 



Can we still do gene prediction? 

•  Prokaryotic genes 

•  Eukaryotic genes 

gene gene gene promoter 

start stop 

terminator 

exon exon exon promoter 

start stop donor acceptor 

intron intron 

Open reading frame 
 (ORF) 



•  Similarity based predictors 
•  Statistical approaches (ab initio gene predictors) 

–  Predictions depend on analysis of a variety of 
sequence patterns that are characteristic of exons, 
intron-exon boundaries, upstream regulatory regions, 
etc. 

–  Combine sequence content and signal classifiers into 
a consistent gene structure 

Gene predictors 
(for protein-coding genes) 



•  Microbial genome tends to be gene rich 
(80%-90% of the sequence is coding) 

•  Often no introns 
•  Highly conserved patterns in the promoter 

region, transcription and translation start 
site 

Gene prediction is slightly easier  
in microbial genomes 



Coding region 

Promoter 

Transcription start side 

Untranslated regions 

Transcribed region 
 start codon  stop codon 

5’ 3’ 

   upstream 
 downstream 

Transcription stop side 

-k denotes kth base before transcription, +k denotes kth transcribed base 

Prokaryotic gene structure 



ORF is a sequence of codons which starts with start 
codon, ends with an end codon and has no end codons in-
between. 

Searching for ORFs – consider all 6 possible reading 
frames: 3 forward and 3 reverse (next slide) 

Is the ORF  a coding sequence? 
1.  Must be long enough (roughly 300 bp or more) 
2.  Should have average amino-acid composition specific  

for the given organism. 
3.  Should have codon use specific for the given organism. 

Open reading frame (ORF) 



Six frame translation of a DNA sequence 

•  stop codons – TAA, TAG, TGA 
•  start codons - ATG 

GACGTCTGCTTTGGAGAACTACATCAACCGGACTGTGGCTGTTATTACTTCTGATGGCAGAATGATTGTG 

CTGCAGACGAAACCTCTTGATGTAGTTGGCCTGACACCGACAATAATGAAGACTACCGTCTTACTAACAC 

GACGTCTGCTTTGGAGAACTACATCAACCGGACTGTGGCTGTTATTACTTCTGATGGCAGAATGATTGTG 
GACGTCTGCTTTGGAGAACTACATCAACCGGACTGTGGCTGTTATTACTTCTGATGGCAGAATGATTGTG 
GACGTCTGCTTTGGAGAACTACATCAACCGGACTGTGGCTGTTATTACTTCTGATGGCAGAATGATTGTG 

CTGCAGACGAAACCTCTTGATGTAGTTGGCCTGACACCGACAATAATGAAGACTACCGTCTTACTAACAC 
CTGCAGACGAAACCTCTTGATGTAGTTGGCCTGACACCGACAATAATGAAGACTACCGTCTTACTAACAC 
CTGCAGACGAAACCTCTTGATGTAGTTGGCCTGACACCGACAATAATGAAGACTACCGTCTTACTAACAC 



UAA, UAG and UGA 
correspond to 3 Stop codons 
that (together with Start codon 
ATG) delineate Open Reading 
Frames 

The Genetic Code  
 



Codon usage 

•  Codon: 3 consecutive nucleotides 
•  4 3 = 64 possible codons 
•  Genetic code is degenerative and redundant 

–  Includes start and stop codons 

–  An amino acid may be coded by more than one codon 
(degeneracy & wobbling pairing) 

–  Certain codons are more in use 
•  Uneven use of the codons may characterize a real gene 



AA  codon  /1000  frac  
Ser  TCG    4.31  0.05 
Ser  TCA   11.44  0.14 
Ser  TCT   15.70  0.19 
Ser  TCC   17.92  0.22 
Ser  AGT   12.25  0.15 
Ser  AGC   19.54  0.24 
 
 
Pro  CCG    6.33  0.11 
Pro  CCA   17.10  0.28 
Pro  CCT   18.31  0.30 
Pro  CCC   18.42  0.31 

AA  codon  /1000  frac  
Leu  CTG   39.95  0.40 
Leu  CTA    7.89  0.08 
Leu  CTT   12.97  0.13 
Leu  CTC   20.04  0.20 
 
Ala  GCG    6.72  0.10 
Ala  GCA   15.80  0.23 
Ala  GCT   20.12  0.29 
Ala  GCC   26.51  0.38  
 
Gln  CAG   34.18  0.75 
Gln  CAA   11.51  0.25  

Codon usage in Mouse genome 



Codon frequency 

frequency in coding region frequency in non-coding region 

Input sequence 

Compare 

Coding region or non-coding region 



Additional information for gene prediction 

•  Upstream regions of genes often contain motifs 
that can be used for gene prediction 

-10 

STOP 

0 10 -35 

ATG 

TATACT 
Pribnow Box 

TTCCAA GGAGG 
Ribosomal binding site 

Transcription start site 



Promoter structure in prokaryotes 

Transcription starts 
at offset 0. 

•  Pribnow Box (-10) 

•  Gilbert Box (-30) 

•  Ribosomal  
   Binding Site (+10) 



Ribosomal binding Site 



•  In eukaryotes, the gene is a combination of coding 
segments (exons) that are interrupted by non-coding 
segments (introns) 

•  And all the complicating factors as mentioned in the 
“What is a gene” paper  

•  More non-coding regions than coding regions 

•  This makes computational gene prediction in eukaryotes 
even more difficult 

Eukaryotic gene prediction is 
more difficult 



Donor and acceptor sites:  
GT and AG dinucleotides 

•  The beginning and end of exons are signaled by 
donor and acceptor sites that usually have GT 
and AC dinucleotides 

•  Detecting these sites is difficult, because GT and 
AC appear very often 

exon 1 exon 2 
GT AC 

Acceptor 
Site 

Donor 
Site 



5’ 3’ 
Donor site 

Position 

% -8 … -2 -1 0 1 2 … 17
A 26 … 60 9 0 1 54 … 21
C 26 … 15 5 0 1 2 … 27
G 25 … 12 78 99 0 41 … 27
T 23 … 13 8 1 98 3 … 25

Splicing site signal 



Similarity-based gene finding 

•  Alignment of 

–  Genomic sequence and (assembled) EST sequences 

–  Genomic sequence and known (similar) protein 
sequences (spliced alignment) 

–  Two or more similar genomic sequences 



•  Human EST (mRNA) sequence is aligned to different locations 
in  the human genome 

•  Find the “best” path to reveal the exon structure of human 
gene 

E
S

T sequence 

Human Genome 

Using EST to find exon structure 



Using similarities to find the exon structure 

•  The known frog gene is aligned to different 
locations in  the human genome 

•  Find the “best” path to reveal the exon 
structure of human gene 

Frog G
ene (know

n) 

Human Genome 



Splicing 



exon1 exon2 exon3 
intron1 intron2 

transcription 

translation 

splicing 

Batzoglou 

Central Dogma and Splicing 



Splicing Signals 

•  Exons are interspersed with introns and typically 
flanked by splicing signals: GT and AG. 

 
•  Splicing signals can be helpful in identifying exons. 

•  Issue: GT and AG occur so often that it is almost 
impossible to determine when they occur as splicing 
signals and when they don’t.  



5
’ 

Promoter 3
’ 

Promoters 

•  Promoters are DNA segments upstream of transcripts 
that initiate transcription. 

 
•  A promoter attracts RNA Polymerase to the 

transcription start site. 



Two Approaches to Gene Prediction 

1.  Statistical: Exons have typical sequences on either 
end and use different subwords than introns. 
•  Therefore, we can run statistical analysis on the subwords 

of a sequence to locate potential exons. 

2.  Similarity-based: Many human genes are similar to 
genes in mice, chicken, or even bacteria. 
•  Therefore, already known mouse, chicken, and bacterial 

genes may help to find human genes. 



Genetic Code and Stop Codons 

•  UAA, UAG and UGA 
correspond to 3 Stop 
codons that (together with 
Start codon ATG) 
delineate Open Reading 
Frames. 



Open Reading Frames 



Stop and Start Codons 

•  Codons often appear exclusively to start/stop 
transcription: 
•  Start Codon: ATG 
•  Stop Codons:  TAA, TAG, TGA 



Genomic Sequence 

Open reading frame 

ATG TGA 

Open Reading Frames (ORFs) 

•  Detect potential coding regions by looking at Open 
Reading Frames (ORFs): 
•  A genome of length n is comprised of (n/3) codons. 
•  Stop codons break genome into segments between 

consecutive stop codons. 
•  The subsegments of these segments that start from the Start 

codon (ATG) are ORFs. 
•  ORFs in different frames may overlap. 



GACGTCTGCTTTGGAGAACTACATCAACCGGACTGTGGCTGTTATTACTTCTGATGGCAGAATGATTGTG 

CTGCAGACGAAACCTCTTGATGTAGTTGGCCTGACACCGACAATAATGAAGACTACCGTCTTACTAACAC 

GACGTCTGCTTTGGAGAACTACATCAACCGGACTGTGGCTGTTATTACTTCTGATGGCAGAATGATTGTG 
GACGTCTGCTTTGGAGAACTACATCAACCGGACTGTGGCTGTTATTACTTCTGATGGCAGAATGATTGTG 
GACGTCTGCTTTGGAGAACTACATCAACCGGACTGTGGCTGTTATTACTTCTGATGGCAGAATGATTGTG 

CTGCAGACGAAACCTCTTGATGTAGTTGGCCTGACACCGACAATAATGAAGACTACCGTCTTACTAACAC 
CTGCAGACGAAACCTCTTGATGTAGTTGGCCTGACACCGACAATAATGAAGACTACCGTCTTACTAACAC 
CTGCAGACGAAACCTCTTGATGTAGTTGGCCTGACACCGACAATAATGAAGACTACCGTCTTACTAACAC 

6 Possible Frames for ORFs 

•  There are six total frames in which to find ORFs: 
•  Three possible ways of splitting the sequence into codons. 
•  We can “read” a DNA sequence either forward or backward. 

•  Illustration: 



GACGTCTGCTTTGGAGAACTACATCAACCGGACTGTGGCTGTTATTACTTCTGATGGCAGAATGATTGTG 

CTGCAGACGAAACCTCTTGATGTAGTTGGCCTGACACCGACAATAATGAAGACTACCGTCTTACTAACAC 

GACGTCTGCTTTGGAGAACTACATCAACCGGACTGTGGCTGTTATTACTTCTGATGGCAGAATGATTGTG 
GACGTCTGCTTTGGAGAACTACATCAACCGGACTGTGGCTGTTATTACTTCTGATGGCAGAATGATTGTG 
GACGTCTGCTTTGGAGAACTACATCAACCGGACTGTGGCTGTTATTACTTCTGATGGCAGAATGATTGTG 

CTGCAGACGAAACCTCTTGATGTAGTTGGCCTGACACCGACAATAATGAAGACTACCGTCTTACTAACAC 
CTGCAGACGAAACCTCTTGATGTAGTTGGCCTGACACCGACAATAATGAAGACTACCGTCTTACTAACAC 
CTGCAGACGAAACCTCTTGATGTAGTTGGCCTGACACCGACAATAATGAAGACTACCGTCTTACTAACAC 

6 Possible Frames for ORFs 

•  There are six total frames in which to find ORFs: 
•  Three possible ways of splitting the sequence into codons. 
•  We can “read” a DNA sequence either forward or backward. 

•  Illustration: 



GACGTCTGCTTTGGAGAACTACATCAACCGGACTGTGGCTGTTATTACTTCTGATGGCAGAATGATTGTG 

CTGCAGACGAAACCTCTTGATGTAGTTGGCCTGACACCGACAATAATGAAGACTACCGTCTTACTAACAC 

GACGTCTGCTTTGGAGAACTACATCAACCGGACTGTGGCTGTTATTACTTCTGATGGCAGAATGATTGTG 
GACGTCTGCTTTGGAGAACTACATCAACCGGACTGTGGCTGTTATTACTTCTGATGGCAGAATGATTGTG 
GACGTCTGCTTTGGAGAACTACATCAACCGGACTGTGGCTGTTATTACTTCTGATGGCAGAATGATTGTG 

CTGCAGACGAAACCTCTTGATGTAGTTGGCCTGACACCGACAATAATGAAGACTACCGTCTTACTAACAC 
CTGCAGACGAAACCTCTTGATGTAGTTGGCCTGACACCGACAATAATGAAGACTACCGTCTTACTAACAC 
CTGCAGACGAAACCTCTTGATGTAGTTGGCCTGACACCGACAATAATGAAGACTACCGTCTTACTAACAC 

6 Possible Frames for ORFs 

•  There are six total frames in which to find ORFs: 
•  Three possible ways of splitting the sequence into codons. 
•  We can “read” a DNA sequence either forward or backward. 

•  Illustration: 



Long vs. Short ORFs 

•  At random, we should expect one stop codon every (64/3) ~= 
21 codons. 

•  However, genes are usually much longer than this. 

•  An intuitive approach to gene prediction is to scan for 
ORFs whose length exceeds a certain threshold value. 

•  Issue: This method is naïve because some genes (e.g. 
some neural and immune system genes) are not long 
enough to be detected. 



Codon Usage 



Testing ORFs: Codon Usage 

•  Idea: Amino acids typically are coded by more than 
one codon, but in nature certain codons occur more 
commonly. 
•  Therefore, uneven codon occurrence may characterize a 

real gene. 

 
•  Solution: Create a 64-element hash table and count 

the frequencies of codons in an ORF. 

•  This compensates for pitfalls of the ORF length test. 



Codon Occurrence in Human Genome 



AA  codon  /1000  frac  
Ser  TCG    4.31  0.05 
Ser  TCA   11.44  0.14 
Ser  TCT   15.70  0.19 
Ser  TCC   17.92  0.22 
Ser  AGT   12.25  0.15 
Ser  AGC   19.54  0.24 
 
 
Pro  CCG    6.33  0.11 
Pro  CCA   17.10  0.28 
Pro  CCT   18.31  0.30 
Pro  CCC   18.42  0.31 

AA  codon  /1000  frac  
Leu  CTG   39.95  0.40 
Leu  CTA    7.89  0.08 
Leu  CTT   12.97  0.13 
Leu  CTC   20.04  0.20 
 
Ala  GCG    6.72  0.10 
Ala  GCA   15.80  0.23 
Ala  GCT   20.12  0.29 
Ala  GCC   26.51  0.38  
 
Gln  CAG   34.18  0.75 
Gln  CAA   11.51  0.25  

Codon Occurrence in Mouse Genome 



How to Find Best ORFs 

•  An ORF is more “believable” than another if it has more 
“likely” codons. 

  
•  Do sliding window calculations to find best ORFs. 

•  Allows for higher precision in identifying true ORFs; much 
better than merely testing for length.  

•  However, average vertebrate exon length is 130 nucleotides, 
which is often too small to produce reliable peaks in the 
likelihood ratio. 

•  Further improvement:  In-frame hexamer count 
(examines frequencies of pairs of consecutive codons). 



Splicing Signals 



Splicing Signals 

•  Try to recognize location of splicing signals at exon-
intron junctions, which are simply small subsequence 
of DNA that indicate potential transcription.. 

•  This method has yielded a weakly conserved donor splice site 
and acceptor splice site. 

•  Unfortunately, profiles for such sites are still weak, 
and lends the problem to the Hidden Markov Model 
(HMM) approaches, which capture the statistical 
dependencies between sites. 



exon 1 exon 2 
GT AC 

Acceptor 
Site 

Donor 
Site 

Donor and Acceptor Sites: GT and AG 

•  The beginning and end of exons are signaled by 
donor and acceptor sites that usually have GT and AC 
dinucleotides. 

•  Detecting these sites is difficult, because GT and AC 
appear very often without indicating splicing. 



-10 

STOP 

0 10 -35 

ATG 

TATACT 
Pribnow Box 

TTCCAA GGAGG 
Ribosomal binding site 

Transcription start site 

Gene Prediction and Motifs  

•  Upstream regions of genes often contain motifs. 

•  These motifs can be used to supplement the method 
of splicing signals. 

•  Illustration: 



Coding 

No opinion 

Non-coding 

Sample Output 



•  GLIMMER: uses interpolated Markov model 
(for prokaryotic gene prediction) 

•  GeneMark: uses Markov model; geneMark-
P & geneMark-E 

•  Eukaryotic genes predictors 
–  GENSCAN: uses Hidden Markov Models 

(HMMs) 
–  Grail: uses pattern recognition and EST (neural 

network) Mount p380 
–  TwinScan (GenomeScan)  

•  Uses both HMM and similarity (e.g., between human 
and mouse genomes) 

Examples of gene predictors 



Gene Annotation"
"
•  Annotation – to identify and describe the 

physico-chemical, functional and structural 
properties of a gene including its  
DNA sequence, protein sequence, sequence 
corrections, name(s), position, function(s), 
abundance, location, mass, pI, absorptivity, 
solubility, active sites, binding sites, reactions, 
substrates, homologs, 2o structure, 3D structure, 
domains, pathways, interacting partners, etc."



Gene Annotation 

Protein Annotation 
almost 



Different Levels of Annotation"

•  Sparse – typical of archival databanks like 
GenBank, usually just includes name, depositor, 
accession number, dates, ID #  
"

•  Moderate – typical of many curated protein 
sequence databanks (UniProt or TrEMBL) 
"

•  Detailed – not typical (occasionally found in 
organism-specific databases)"



Different Levels of Database Annotation"

•  GenBank (large # of sequences, minimal 
annotation)"

•  TrEMBL (large # of sequences, slightly better 
[computer] annotation)"

•  UniProtKB (small # of sequences, even better 
[hand] annotation)"

•  Organsim-specific DB (very small # of 
sequences, best annotation)"



Annotation Methods"

•  Annotation by sequence similarity (BLAST)"
–  requires a large, well annotated database of 

protein sequences 
"

•  Annotation by sequence composition"
– simple statistical/mathematical methods 
"

•  Annotation by sequence features, profiles or 
motifs"
–  requires sophisticated sequence analysis tools"



Annotation by sequence similarity"

•  Statistically significant sequence matches 
identified by BLAST searches against GenBank 
(nr), UniProt, DDBJ, PDB, InterPro, KEGG, 
Brenda, STRING"

•  Properties or annotation inferred by name, 
keywords, features, comments"

Databases Are Key 



Sequence Databases"

•  GenBank"
–  www.ncbi.nlm.nih.gov/"

•  UniProt/trEMBL"
–  http://www.uniprot.org/"

•  DDBJ"
–  http://www.ddbj.nig.ac.jp"



Structure Databases"

•  RCSB-PDB"
–  http://www.rcsb.org/pdb/"

•  PDBe"
–  http://www.ebi.ac.uk/pdbe/"

•  CATH"
–  http://www.cathdb.info/"

•  SCOP"
–  http://scop.mrc-

lmb.cam.ac.uk/scop/"



Interaction Databases"

•  STRING"
–  http://string.embl.de/"

•  DIP"
–  http://dip.doe-mbi.ucla.edu/"

•  PIM"
–  http://www.ebi.ac.uk/intact/

main.xhtml"
•  MINT"

–  http://mint.bio.uniroma2.it/mint/
Welcome.do"



Bibliographic Databases"

•  PubMed Medline"
–  http://www.ncbi.nlm.nih.gov/

PubMed/"
•  Google Scholar"

–  http://scholar.google.ca/"
•  Your Local eLibrary"

–  www.XXXX.ca"
•  Current Contents"

–  http://
science.thomsonreuters.com/"



Annotation by sequence similarity 
An Example"

•  76 residue protein from Methanobacter 
thermoautotrophicum (newly sequenced)"

•  What does it do? 

•  MMKIQIYGTGCANCQMLEKNAREAVKELGIDAEFEK
IKEMDQILEAGLTALPGLAVDGELKIMGRVASKEEI
KKILS 



PSI BLAST"

•  PSI-BLAST – position specific 
iterative BLAST"

•  Derives a position-specific scoring 
matrix (PSSM) from the multiple 
sequence alignment of sequences 
detected above a given score 
threshold using protein BLAST"

•  This PSSM is used to further search 
the database for new matches, and is 
updated for subsequent iterations with 
these newly detected sequences "

•  PSI-BLAST provides a means of 
detecting distant relationships 
between proteins"



PSI-BLAST 

•  PSI-position specific iterative 
•  a position specific scoring matrix (PSSM) is 

constructed automatically from multiple HSPs of 
initial BLAST search. Normal E value threshold is 
used. 

•  The PSSM is created as the new scoring matrix for a 
second BLAST search. A low E value threshold is 
used (E=.001). 

•  Result-1) obtains distantly related sequences 
               2) finds the important residues that provide  

                function or structure. 



PSI-BLAST"



PSI-BLAST"



PSI-BLAST"



Conclusions"

•  Protein is a thioredoxin or glutaredoxin 
(function, family)"

•  Protein has thioredoxin fold (2o and 3D 
structure)"

•  Active site is from residues 11-14 (active site 
location)"

•  Protein is soluble, cytoplasmic (cellular 
location)"



Annotation Methods"

•  Annotation by sequence similarity 
(BLAST)"
–  requires a large, well annotated database of 

protein sequences"
•  Annotation by sequence composition"

– simple statistical/mathematical methods"
•  Annotation by sequence features, profiles 

or motifs"
–  requires sophisticated sequence analysis 

tools"



Annotation by Composition*"

•  Molecular Weight"

•  Isoelectric Point"

•  UV Absorptivity"

•  Hydrophobicity"



Where To Go"

http://www.expasy.ch/tools/#proteome 



Molecular Weight"

•  Useful for SDS PAGE and 2D gel analysis"
•  Useful for deciding on SEC matrix"
•  Useful for deciding on MWC for dialysis"
•  Essential in synthetic peptide analysis"
•  Essential in peptide sequencing (classical or 

mass-spectrometry based)"
•  Essential in proteomics and high throughput 

protein characterization"



Molecular Weight"

•  Crude MW calculation: 
MW = 110 X Numres"

•  Exact MW calculation: 
MW = ΣnAAi x MWi"

•  Remember to add 1 
water (18.01 amu) after 
adding all res."

•  Corrections for CHO, 
PO4, Acetyl, CONH2"

Residue Weight Residue Weight
   A 71.08    M 131.21
   C 103.14    N 114.11
   D 115.09    P 97.12
   E 129.12    Q 128.14
   F 147.18    R 156.2
   G 57.06    S 87.08
   H 137.15    T 101.11
   I 113.17    V 99.14
   K 128.18    W 186.21
   L 113.17    Y 163.18

Amino Acid Residue Weights



Molecular Weight & Proteomics"

2-D Gel   QTOF Mass Spectrometry 



Isoelectric Point*"

•  The pH at which a protein has a net charge=0"

•     " "Q = Σ Ni/(1 + 10pH-pKi)"

Residue pKa Residue pKa
   C 10.28    H 6
   D 3.65    K 10.53
   E 4.25    R 12.43

pKa Values for Ionizable Amno Acids

This is a transcendental equation 



UV Absorptivity"

•  OD280 = (5690 x #W + 1280 x #Y)/MW x Conc."
•  Conc. =  OD280 x MW/(5690 X #W + 1280 x #Y)"

C 
COOH H2N 

H 

C 
COOH H2N 

H 

OH 
N 

Very useful for measuring protein concentration 



Hydrophobicity"

•  Average Hphob 
calculation: Have = 
(ΣnAAi x Hphobi)/N"

•  Indicates Solubility, 
stability, location"

•  If Have < 1 the protein is 
soluble "

•  If Have > 1 it is likely a 
membrane protein"

Residue Hphob Residue Hphob
   A 1.8    M 1.9
   C 2.5    N -3.5
   D -3.5    P -1.6
   E -3.5    Q -3.5
   F 2.8    R -4.5
   G -0.4    S -0.8
   H -3.2    T -0.7
   I 4.5    V 4.2
   K -3.9    W -0.9
   L 3.8    Y -1.3

Kyte / Doolittle Hyrophobicity Scale



Annotation Methods"

•  Annotation by sequence similarity 
(BLAST)"
–  requires a large, well annotated database of 

protein sequences"
•  Annotation by sequence composition"

– simple statistical/mathematical methods"
•  Annotation by sequence features, profiles 

or motifs"
–  requires sophisticated sequence analysis 

tools"



Where To Go"

http://www.expasy.ch/tools/#proteome 



Sequence Feature Databases"

•  PROSITE - http://www.expasy.ch/prosite/"
•  InterPro - http://www.ebi.ac.uk/interpro/"
•  PPT-DB - http://www.pptdb.ca/"

To use these databases just submit your PROTEIN sequence 
to the database and download the output.  They provide 
domain information, predicted disulfides, functional sites, 
active sites, secondary structure – IF THERE IS A MATCH  



What Can Be Predicted?"

•  O-Glycosylation Sites"
•  Phosphorylation Sites"
•  Protease Cut Sites"
•  Nuclear Targeting Sites"
•  Mitochondrial Targ Sites"
•  Chloroplast Targ Sites"
•  Signal Sequences"
•  Signal Sequence Cleav."
•  Peroxisome Targ Sites"

•  ER Targeting Sites"
•  Transmembrane Sites"
•  Tyrosine Sulfation Sites"
•  GPInositol Anchor Sites"
•  PEST sites"
•  Coil-Coil Sites"
•  T-Cell/MHC Epitopes"
•  Protein Lifetime"
•  A whole lot more…."



Sequence Feature Servers"

•  Membrane Helix Prediction"
–  http://www.cbs.dtu.dk/services/TMHMM-2.0/"

•  T-Cell Epitope Prediction"
–  http://www.syfpeithi.de/home.htm"

•  O-Glycosylation Prediction"
–  http://www.cbs.dtu.dk/services/NetOGlyc/"

•  Phosphorylation Prediction"
–  http://www.cbs.dtu.dk/services/NetPhos/"

•  Protein Localization Prediction"
–  http://psort.ims.u-tokyo.ac.jp/"



2o Structure Prediction"

•  PredictProtein-PHD (72%)"

–  http://www.predictprotein.org"

•  Jpred (73-75%)"

–  http://www.compbio.dundee.ac.uk/~www-jpred/"

•  PSIpred (77%)"

–  http://bioinf.cs.ucl.ac.uk/psipred/"

•  Proteus2 (78-90%)"

–  http://www.proteus2.ca/proteus2/"



Putting It All Together 
"

Similarity 

Composition Seq Motifs 

Annotated  
Protein 



Genome Browsers 
•  The Big Three 

Ø NCBI Map Viewer 
Ø UCSC Genome Browser 
Ø EBI Ensembl 
 
 

 
 

 
 
 

–  Generic Genome Browser (Gbrowse) 
–  JBrowse (Ajax based like Google Map) 

 

Display:	  Ver7cal	  	  

Display:	  Horizontal	  



Types od data integrated in genome browsers 



NCBI Reference Sequences (RefSeqs) 



RefSeq: NCBI’s Derivative Sequence Database 

•  Curated transcripts and proteins 
–  reviewed 
–  human, mouse, rat, fruit fly, zebrafish, arabidopsis 
     microbial genomes (proteins), and more 

•  Model transcripts and proteins 
•  Assembled Genomic Regions (contigs) 

–  human genome 
–  mouse genome 
–  rat genome 

•  Chromosome records 
–  Human genome 
–  microbial 
–  organelle 

 
ftp://ftp.ncbi.nih.gov/refseq/release/ 

srcdb_refseq[Properties] 

–  chicken 
–  honeybee 
–  sea urchin 



Selected RefSeq Accession Numbers 

mRNAs and Proteins 
NM_123456   Curated mRNA 
NP_123456   Curated Protein 
NR_123456   Curated non-coding RNA 
XM_123456   Predicted mRNA 
XP_123456   Predicted Protein  
XR_123456   Predicted non-coding RNA 
Gene Records 
NG_123456   Reference Genomic Sequence 
Chromosome 
NC_123455   Microbial replicons, organelle   

   genomes, human chromosomes 
AC_123455   Alternate assemblies 
Assemblies 
NT_123456   Contig  
NW_123456   WGS Supercontig 



RefSeqs: Annotation Reagents 

Genomic DNA 
(NC, NT, NW) 

Model mRNA (XM) 
(XR) 

Curated mRNA (NM) 
(NR) 

Model protein (XP) 

Curated Protein (NP) 

Scanning....!

= ? 

GenBank 
Sequences 

RefSeq 



RefSeq Benefits 

•  Non-redundancy     
•  Explicitly linked nucleotide and protein sequences 
•  Updates to reflect current sequence data and biology 
•  Data validation  
•  Format consistency 
•  Distinct accession series  
•  Stewardship by NCBI staff and collaborators 



UCSC 
View a region in the genome by querying with a gene symbol 



UCSC 
View a region in the genome by querying with a gene symbol 



UCSC 
View a region in the genome by querying with a gene symbol 



UCSC 
View a region in the genome by querying with a gene symbol 



UCSC 
View a region in the genome by querying with a gene symbol 



UCSC 
 



UCSC 
 



UCSC 
Navigating around the Genome Browser 



UCSC 
Navigating around the Genome Browser 



UCSC 
Navigating around the Genome Browser 



UCSC 
Navigating around the Genome Browser 



UCSC 
Add a track to the Genome Browser 



UCSC 
Add a track to the Genome Browser 



UCSC 
Add a track to the Genome Browser 



UCSC 
Add a track to the Genome Browser 



UCSC 
Add your own custom tracks 



UCSC 
Add your own custom tracks 
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Scale
chr21:

RefSeq Genes

Human mRNAs

Spliced ESTs

Chimp
Gorilla

Orangutan
Rhesus
Baboon

Marmoset
Tarsier

Mouse_lemur
Bushbaby

Tree_shrew
Mouse

Rat
Kangaroo_rat

Guinea_Pig
Squirrel
Rabbit

Pika
Alpaca

Dolphin
Cow

Horse
Cat
Dog

Microbat
Megabat

Hedgehog
Shrew

Elephant
Rock_hyrax

Tenrec
Armadillo

Sloth
Wallaby

Opossum
Platypus
Chicken

Zebra_finch
Lizard

X_tropicalis
Tetraodon

Fugu
Stickleback

Medaka
Zebrafish
Lamprey

SNPs (130)

RepeatMasker

2 kb
33033000 33034000 33035000 33036000 33037000 33038000 33039000 33040000 33041000

UCSC Genes Based on RefSeq, UniProt, GenBank, CCDS and Comparative Genomics

RefSeq Genes

Human mRNAs from GenBank

Human ESTs That Have Been Spliced

Vertebrate Multiz Alignment & Conservation (46 Species)
Primate Basewise Conservation by PhyloP

Placental Mammal Basewise Conservation by PhyloP

Vertebrate Basewise Conservation by PhyloP

Multiz Alignments of 46 Vertebrates

Simple Nucleotide Polymorphisms (dbSNP build 130 - Provisional Mapping to GRCh37)

Repeating Elements by RepeatMasker

BC041449
SOD1
SOD1

SOD1

Primate Cons

1 _

-4 _

Mammal Cons

4 _

-4 _

0 -

Vertebrate Cons

4 _

-4 _

0 -

UCSC Genome  
Browser 

Comparative 
Genomics 



Identification of Conserved  
Regulatory Elements 
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UCSC 
Types of custom tracks 



Additional resources 


