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Overview: 
 
 
Introduction to comparative sequence 

analysis 

Two worked examples:   

1. The identification and analysis of 
homologous gene sequences 

2. Using of orthologous genome sequences 
to identify evolutionarily conserved 
regions   
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Comparative Sequence Analysis 

Tool for decoding genomic information as it is 
based upon the tenet that: 

 
   Functional sequences evolve more slowly than 

non-functional sequences, therefore sequences 
that remain conserved throughout evolution may 
perform a biological function. 
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Aligning genome sequences  
•  Functionally conserved units may be 
conserved at the sequence level 

•  Evolutionary Conserved Regions (ECRs) 

Fig 1. Miller et al, 2004. Ann Rev Genomics Hum Gen  

Identify Conserved Regions 
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Why Comparative Sequence Analysis? 
 
•  allows us to achieve a greater understanding of 
vertebrate evolution 
 
•  tells us what is common and what is unique between 
different species at the genome level  
 
•  the function of human genes and other regions may be 
revealed by studying their counterparts in lower 
organisms 

•  helps identify both coding and non-coding genes and 
regulatory elements 
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Homologues	
  -­‐	
  Genes	
  derived	
  
from	
  common	
  ancestral	
  gene	
  

Orthologues	
  –	
  Genes	
  in	
  
different	
  species	
  that	
  are	
  
derived	
  from	
  the	
  same	
  gene	
  
in	
  last	
  common	
  ancestor	
  

Paralogues	
  –	
  Gene	
  families	
  
that	
  have	
  diverged	
  within	
  a	
  
single	
  species,	
  oAen	
  by	
  
duplica6on	
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Links	
  to	
  the	
  closest	
  puta6ve	
  orthologous	
  genes	
  in	
  other	
  species	
  

Hyperlinks	
  to	
  view	
  alignments	
  &	
  posi6onal	
  informa6on	
  

Orthologue	
  Predic6on	
  at	
  Ensembl:hKp://www.ensembl.org/	
  

	
  Identifying Orthologous Genes 
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NCBI	
  Homologene	
  
hKp://www.ncbi.nlm.nih.gov/sites/entrez?db=homologene&cmd	
  

Identifying Orthologous Genes 

Contains	
  a	
  wealth	
  of	
  informa6on	
  about	
  homologous	
  genes	
  and	
  links	
  to	
  other	
  resources	
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Species	
  specific	
  searches	
  

Nucleo6de	
  or	
  protein	
  searches	
  

Trace	
  archives:	
  
A	
  good	
  place	
  to	
  look	
  
If	
  you	
  species	
  of	
  interest	
  
doesn’t	
  have	
  a	
  browser	
  

BLAST	
  searches	
  
hKp://www.ncbi.nlm.nih.gov/BLAST/	
  

Identifying Orthologous Genes 
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Paralogues in Ensembl: 
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How best to ensure that you have 
identified an orthologous gene 

•  Percentage identity (protein and nucleotide) 
    (e.g. ClustalOmega, MUSCLE, sometimes Homologene) 
 

•  Compare the size and number of exons in 
orthologous genes 

    (EST/cDNA to genomes – Splign , Ensembl ExonView) 
 

•  Positional information  - neighbouring genes 
 (Ensembl– SyntenyView, UCSC ) 

 

•  Confirm that no other paralogous genes are 
present in your species of interest 

     (BLAST, self-chain @UCSC, paralogues Ensembl) 
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By comparing two or more genome species we 
can identify Evolutionary Conserved Regions 
(ECRs). 
 
Within genes ECRs tend to be exonic but non-
genic ECRs may function as cis acting elements 
such as enhancers 
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To	
  iden6fy	
  conserved	
  regions,	
  you	
  must:	
  

• 	
  Decide	
  which	
  species	
  you	
  would	
  like	
  to	
  compare	
  

• 	
  Iden6fy	
  and	
  extract	
  the	
  relevant	
  genome	
  sequences	
  

• 	
  Annotate	
  genes	
  and	
  other	
  features	
  found	
  in	
  the	
  
genome	
  sequences	
  

• 	
  Ensure	
  that	
  repe66ve	
  sequences	
  are	
  masked	
  

Comparative Genome Analysis: 
Where to Start? 
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What vertebrate genomes are 
available? 

70 species in e! v69 
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Human	
  vs.	
  

	
  
Chimpanzee	
  

	
  
Mouse	
  

	
  
Opossum	
  

	
  
Pufferfish	
  

Size	
  (Gbp)	
   3.0	
   2.5	
   4.2	
   0.4	
  
Time	
  since	
  
divergence	
   ~6	
  MYA	
   ~	
  90	
  MYA	
   ~150	
  MYA	
   ~450	
  MYA	
  

Sequence	
  
conserva6on	
  (in	
  
coding	
  regions)	
  

>99%	
   ~80%	
   ~70-­‐75%	
   ~65%	
  

Aids	
  iden6fica6on	
  
of…	
  

Recently	
  changed	
  
sequences	
  and	
  

genomic	
  
rearrangements	
  

Both	
  coding	
  
and	
  non-­‐coding	
  

sequences	
  

Both	
  coding	
  
and	
  non-­‐
coding	
  

sequences	
  

Primarily	
  
coding	
  

sequences	
  

Background	
  noise	
   High	
   Moderate	
   	
  	
  	
  	
  Low	
   	
  	
  	
  	
  	
  Lower	
  

Selec.on	
  of	
  Species	
  for	
  DNA	
  comparisons	
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Aligning genomic sequence 
•  Pair-wise genome sequence alignments combined with additional 
phylogenetic information 

(eg PhastCons@UCSC, RankVista,) 
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Aligning genome sequences  
•  Pair-wise genome sequence alignments 

(eg MultiContigView@Ensembl, PipMaker, Vista, ECR viewer, 
zPicture) 
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Are these ECRS functional? 

Do They contain 
conserved TFBS? 

OR Functional Chromatin signatures? 
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Do ECRs have in vivo enhancer 
function? 
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Summary 

In this module we have: 
•  Identified homologous sequences 
•  Reviewed the means by which true 

orthology can be determined 
•  Viewed evolutionary conserved regions 

using genome browsers 
•   Aligned genome sequences and identified 

both ECRs and conserved transcription 
factor binding sites 

•  Identified regions with enhancer 
associated chromatin signatures 
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Evolu.onary	
  Conserved	
  Regions	
  
 
•  Manual	
  

–  Pipmaker	
  –	
  hKp://bio.cse.psu.edu/cgi-­‐bin/pipmaker	
  
requires	
  repeatmasked	
  and	
  annota6on	
  files	
  
Local	
  alignment,	
  BLASTZ	
  

–  Vista	
  –	
  hKp://www-­‐gsd.lbl.gov/vista	
  
requires	
  annota6on	
  files,	
  repeat	
  masks	
  for	
  you	
  
Global	
  alignment,	
  AVID	
  

•  Semi	
  automated	
  (Currently	
  not	
  working)	
  
–  zPicture	
  -­‐	
  hKp://www.dcode.org	
  	
  

Local	
  alignment,	
  BLASTZ	
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Evolu.onary	
  Conserved	
  Regions	
  

•  Automa.c	
  
– Genome	
  Browsers,	
  e.g	
  UCSC	
  and	
  Ensembl	
  

–  ECRbrowser	
  -­‐	
  hKp://www.dcode.org	
  
BLAT,	
  BLAST	
  and	
  BLASTZ	
  
Can	
  link	
  to	
  both	
  zPicture	
  and	
  rVista	
         


