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What is NGS sequencing changing for 
Regular Biology ? 



Aligning Very Large Datasets is 
Challenging 





Recent Evolutions 

  Consistency  
  Model based alignment 
  Meta-methods 



Which Tool for Which Sequence ? 



Is it Possible to Compare  
all Types of Sequences ? 

  Non Transcribed World 
–  Genes/Full Genomes 

  Lagan, TBA, Pecan 

–  Promoter Regions 
  Meta-Aligner 
  Motifs Finders 

–  Nucleosome 
  ??? 

  Multiple Genome Aligners 
–  Not Very Accurate 
–  Very Fast 
–  Deal with rearrangements 



Is it Possible to Compare  
all Types of Sequences ? 

  RNA Comparison 
–  Less Accurate than Proteins 
–  Secondary Structures 

  ncRNA World 
–  Consan 
–  R-Coffee 



Is it Possible to Compare  
all Types of Sequences ? 

  Protein Comparisons 
–  Very Accurate 
–  3D-Structure Improves it 

  Protein Aligners 
–  ClustalW 
–  Muscle 
–  Mafft 
–  T-Coffee 
–  3D-Coffee 



What Changes with 1000 Genomes? 



Phylogeny Vs Function 

  Function 
–  Low level => Biochemistry => Protein Domains 
–  High Level => Metabolic Pathway => Orthology 

  Orthology 
–  Phylogenetic Analysis 
–  Phylogenetic Analysis =>Accurate Alignments 



Duplication node 
Speciation node or leaf 

one2one 

one2one 

one2many 

many2many 

apparent 
one2one 

(Adpated from “Going beyond AGC and T, E. Birney) 



Using The tree 

Correct Tree 
 

Correct Orthologous Assignment 
 

Correct Functional Prediction 



Trees Vs Alignments 



Phylogenetic Trees  
and 

Multiple Sequence Alignments 



Genomic Era: The Goal 

  10.000 Sequences: interspecies 
  1 Billion: Re-sequencing 

  Incorporation of ALL experimental Data 
–  Structure, Genomic, ChIp-Chip, ChIp-Seq… 

  Alignments suitable for all applications of comparative genomics 
–  Homology Modeling (function) 
–  Functional Analysis 
–  Phylogenetic Reconstruction 
–  3D-Modelling 

  Accurate Alignments for ALL kind of data 

  Non Transcribed DNA 
  Transcribed DNA 
  Translated DNA 



Genomic Era Challenges 

  Accuracy 
–  Proteins: 30% is the limit 
–  DNA/RNA 70% is the limit 

  Scale 
–  Over 100 sequences 

algorithms lose in accuracy 

  Data Integration 
–  Structure 
–  Homology 
–  Genomic Structure 
–  Function 
–  Proteomics 

  Methods 
–  Wealth of alternative methods 
–  Poorly Characterized 



Method and Data Integration  
With 

Consistency Based Methods 



Consistency and Data Integration 

  Most methods rely on the progressive algorithm 

  Consistency based methods have been designed as 
an extension 

  Consistency based alignment methods have been 
designed to: 

–  Better extract the signal contained in the data 
–  Integrate/Confront existing methods 
–  Integrate/Confront heterogeneous types of Information 



T-Coffee and Concistency… 

SeqA GARFIELD THE LAST FAT CAT     Prim. Weight =88 
SeqB GARFIELD THE FAST CAT --- 

SeqA GARFIELD THE LAST FA-T CAT    Prim. Weight =77  
SeqC GARFIELD THE VERY FAST CAT 

SeqA GARFIELD THE LAST FAT CAT     Prim. Weight =100 
SeqD -------- THE ---- FAT CAT 

SeqB GARFIELD THE ---- FAST CAT    Prim. Weight =100 
SeqC GARFIELD THE VERY FAST CAT 

SeqC GARFIELD THE VERY FAST CAT    Prim. Weight =100 
SeqD -------- THE ---- FA-T CAT 
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T-Coffee and Consistency… 



M-Coffee 
Combining Many MSAs into ONE 

MUSCLE 

MAFFT 

ClustalW 

??????? 

T-Coffee 



Consistency and Accuracy 



ENSEMBL-Dev Release 53  
Summary of Declaration of intentions 

-------------------- 
Homologies and families 
----------------------- 
* Update for the new/updated genebuilds and assembly. 

* Replace current clustering method with hcluster for 
the GeneTrees. 

• Replace current Muscle MSA method with MCoffee. 
MCoffee uses a combination of MAFFT-INS, Muscle, Kalign 
and Probcons to create a meta-alignment that is a 
consensus of all methods. 

* Sitewise dN/dS: we will provide calculation for dN/dS 
ratios for the(sub)trees that are not dS saturated. 



Experimental 
Data 

… 

TARGET 

Experimental 
Data 

… 

TARGET 
Template  
Aligner 

Template-Sequence Alignment 

Primary Library 

Template Alignment 

Template based Alignment 
of the Sequences 

Templates Templates 

TARGET 



Exploring The Template World 

Template Generator Alignment 
Method 

Mode 

RNA Structure Prediction RNA Aligner R-Coffee 

Protein Structure BLAST /PDB 3D Aligner 3D-Coffee 

Profile BLAST/NR Profile/Profile PSI-Coffee 

Gene Structure ENSEMBL Genome Aligner Exoset 

Promoter Transfac Meta-Aligner Meta-Coffee 



Method Method Template Score Comment 

ClustalW-2 Progressive NO 22.74 

PRANK Gap NO 26.18 Science2008 

MAFFT Iterative NO 26.18 

Muscle Iterative NO 31.37 

ProbCons Consistency NO 40.80 

ProbCons  MonoPhasic NO 37.53 

T-Coffee Consistency NO 42.30 

M-Coffe4 Consistency NO 43.60 

PSI-Coffee Consistency Profile 53.71 

PROMAL Consistency Profile 55.08 

PROMAL-3D Consistency PDB 57.60 

3D-Coffee Consistency PDB 61.00 Expresso 

Score: fraction of correct columns when compared with a structure 
based reference (BB11 of BaliBase). 

Consistency 
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Homology Extension 
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Structural Extension 



T-Coffee and The World 

BLAST/ 
SOAP 

-Some Templates are obtained with a BLAST 
-Queries can be sent to the EBI or the NCBI 
-No Need for a Local BLAST installation 

Users sequences 



Genomic Era Challenges 
Conclusion 

Template 
Based 

Alignments 

Meta-Methods 
M-Coffee 

Homology  
Extension 
(Proteins) 

R-Coffee 

Scaled Consistency 



Open Questions 

  Accurately Aligning non transcribed DNA 

  Accurately aligning ncRNA 

  Scaling up consistency based methods with large 
numbers of sequences 

  Coping with Large Number of Re-sequenced 
Genomes 
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