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Overview 

•  Rationale 

•  Comparative proteomics 

•  Homologue predictions (Gene trees) 

•  Protein family clustering 

•  Comparative genomics 

•  Genome-wide DNA alignments 

•  Syntenic block characterisation 



Species Comparison 

•  From the user perspective 

•  Where are orthologous/paralogous genes? 

•  Is the gene order conserved? 

•  Where are syntenic regions located? 

•  How many genes are conserved? 

•  What is missing in one species, but present in another? 
Species or lineage-specific genes? 

•  Where are potential regulatory regions? 

•  From the Ensembl perspective 

•  Orthologous/paralogous gene links 

•  Chromosome synteny links 

•  Sequence comparison links 

•  Protein family links 



Species in Ensembl 

Saccharomyces cerevisiae

Caenorhabditis elegans

?Apis mellifera

?Petromyzon marinus

Ciona savignyi

Ciona intestinalis

Drosophila melanogaster

?Anopheles gambiae

Xenopus tropicalis

Danio rerio

?Aedes aegypti

?Culex quinquefasciatus

Ornithorhynchus anatinus

Anolis carolinensis

Tetraodon nigroviridis

Takifugu rubripes

Gasterosteus aculeatus

Oryzias latipes

Taeniopygia guttata

Monodelphis domestica

Macropus eugenii

Anas platyrhynchos

Gallus gallus

Meleagris gallopavo

Echinops telfairi

Dasypus novemcinctus

Choloepus hoffmanni

Tupaia belangeri

Erinaceus europaeus

Sorex araneus

Loxodonta africana

Procavia capensis

Spermophilus tridecemlineatus

Oryctolagus cuniculus

Ochotona princeps

Sus scrofa

Tarsius syrichta

Microcebus murinus

Otolemur garnetti i

Cavia porcellus

Vicugna pacos

Equus caballus

Myotis lucifugus

Pteropus vampyrus

Callithrix jacchus

Dipodomys ordii

Tursiops truncatus

Felis catus

Mus musculus

Rattus norvegicus

Bos taurus

?Ovis aries

Ailuropoda melanoleuca

Canis familiaris

Pongo pygmaeus

Macaca mulatta

?Papio hamadryas

Gorilla gorilla

Homo sapiens

Pan troglodytes
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•  Rationale 

•  Comparative proteomics 

•  Homologues predictions (Gene Trees) 

•  Protein family clustering 

•  Comparative genomics 

•  Genome-wide DNA alignments 

•  Syntenic block characterisation 



Gene Trees 

•  Used for gene orthology and paralogy predictions  

•  Represent evolutionary relations of gene families, i.e.  
genes that diverged from a common ancestor  

•  Pipeline based on maximum likelihood phylogenetic gene 

trees (TreeBest) 

•  Trees reconciled with species trees to infer duplications 

and speciations 

•  For some dN/dS calculations 



Load the longest translation 
for each gene for all species 
in Ensembl. 

WU BLASTP and Smith-Waterman 
comparison of every member against 
every other in a genome-wise 
manner 

 
 
 

 

Hcluster_sg  
Hierarchical clustering  
(max_count 1500) 

For each cluster, build a 
multiple alignment (MCoffee) 
based on the protein 
sequences 

Gene Tree Prediction Pipeline 

Build a sparse graph of gene relations 
 based on Blast scores 

EnsemblCompara GeneTrees: Analysis of complete, duplication aware phylogenetic 
trees in vertebrates. Vilella AJ et al. Genome Res. 2008 Nov 24.  



M-COFFEE 

 

• Computes a multiple sequence 

alignment  (MSA) and the associated 

phylogenetic tree by combining the 

output of several multiple sequence 

alignment packages 

• T-coffee to produce final alignment 

• Redundancy in the input MSAs can bias 

the result 

Notredame et al. T-Coffee: A Novel Method for Fast and Accurate Multiple Sequence Alignemnt. JMB, 302 (2000): 205-217 

•  By default, M-Coffee uses: 

•  ClustalW2 

•  Mafft 

•  Dialign 

•  POA 

•  ProbCons 

•  MUSCLE 

•  T-Coffee 

•  PCMA 



Load the longest translation 
for each gene for all species 
in Ensembl. 

WU BLASTP and Smith-Waterman 
comparison of every member against 
every other in a genome-wise 
manner 

 
 
 

Hcluster_sg  
Hierarchical clustering  
(max_count 1500) 

For each cluster, build a 
multiple alignment (MCoffee) 
based on the protein 
sequences 

From each alignment, build a 
reconciled gene tree with internal 
duplications with respect to a 
species tree (TreeBeST) 

Gene Tree Prediction Pipeline 

Build a sparse graph of gene relations 
 based on Blast results 

EnsemblCompara GeneTrees: Analysis of complete, duplication aware phylogenetic 
trees in vertebrates. Vilella AJ et al. Genome Res. 2008 Nov 24.  



TreeBeST - treemerge 

•  ML-AA-WAG4 – WAG matrix amino acid model – Maximum 

Likelihood (PHYML) 

•  ML-NT-HKY85 – Hasegawa-Kishino-Yano nucleotide model – 

Maximum Likelihood (PHYML) 

•  NJ-NT-p-distance – any substitutions – neighbour-joining with 

bootstrap 

•  NJ-NT-dN – non-synonymous substitutions – neighbour-joining with 
bootstrap 

•  NJ-NT-dS – synonymous substitutions – neighbour-joining with 

bootstrap 



Each method performs best at a given level 

PhyML 



Load the longest translation 
for each gene for all species 
in Ensembl. 

WU BLASTP and Smith-Waterman 
comparison of every member against 
every other in a genome-wise 
manner 

 
 
 

Hcluster_sg  
Hierarchical clustering  
(max_count 1500) 

For each cluster, build a 
multiple alignment (MCoffee) 
based on the protein 
sequences 

From each alignment, build a 
reconciled gene tree with internal 
duplications with respect to a 
species tree (TreeBeST) 

Gene Tree Prediction Pipeline 

Build a sparse graph of gene relations 
based on Blast results 

Inference of orthologs and paralogs 



Homology inference 



A special case of homology 
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Gene tree 

Multiple Sequence 

Alignment Ideograms 

Gene Tree Display 



Duplication 
node (red) 

Speciation 
node (blue) 

Gene (red) 

Paralogue 
 (blue) 

Collapsed 
sub-tree 

(triangle) 

Gene Tree Annotation 



Button to start the Jalview 
alignment editor 

Menu items to collapse or 
expand a sub-tree 

Gene Tree Navigation 



Jalview Alignment Editor 



Orthologue Predictions 



Paralogue Predictions 



Bacteria 

Vertebrates 

Plants 

Plants 

Protists 

Insects 

Fungi 

Fungi 

Glucose-6-phosphate 1-dehydrogenase 



GDH/6PGL endoplasmic bifunctional protein 
 Glucose 1-dehydrogenase 

 6-phosphogluconolactonase 

Glucose-6-phosphate 1-dehydrogenase 

6-phosphogluconolactonase 



Paralogues: gene-split exception 

•  Split genes can happen because of problems in the 

assembly 

•  They will show in the same tree, but there won't be any 

overlap in the alignment 

•  We rename these cases as gene-split 



Noncoding RNA trees 

•  Based on Rfam family IDs 

•  Alignment using both secondary structure information 

(Infernal) and genomic sequence 

Euteleostomi: 73 homologs

Clupeocephala: 5 homologs

ENSXETG00000029194, Xenopus tropicalis

Euteleostomi: 42 homologs

Euteleostomi: 5 homologs

Euteleostomi: 2 homologs

Amniota: 4 homologs

gga-mir-29a, Gallus gallus

Eutheria: 2 homologs

hsa-mir-29a, Homo sapiens

Eutheria: 8 homologs



1.  Find the human MYL6 gene: go to its gene 

summary. 

2.  Find the MYL6 in the gene tree. Find a link to 

TreeFam. What is this resource useful for?  Are 

there any other links to external comparative 

genomics resources? 

3.  How many paralogues does MYL6 have?  Find 

them in the gene tree. 

4.  Which paralogue is closest to the human MYL6 

gene?  In what taxon is the common ancestor? Is 

the duplication score high or low? 

 

Homologues Exercise 



•  Rationale 

•  Comparative proteomics 

•  Homologue predictions (Gene Trees) 

•  Protein family clustering 

•  Comparative genomics 

•  Genome-wide DNA alignments 

•  Syntenic block characterisation 



Protein Dataset 

•  About 1,500,000 proteins clustered: 

•  All Ensembl protein predictions from  
all supported species 

•  ~ 670,000 protein predictions 

 

•  All metazoan (animal) proteins in UniProtKB: 

•    ~ 80,000 UniProtKB/Swiss-Prot 

•  ~ 830,000 UniProtKB/TrEMBL 



Clustering Strategy 

•  BLASTP all versus all comparison 

•  Based on similarities Markov clustering (MCL) 

•  For each cluster: 

•  Calculation of multiple sequence alignments (JalView) 

•  Assignment of a consensus description (above 40%) 

•  Characterisation of protein domains 

•  Internal QC data for checking consistency between 

orthologues, protein clusters and domain information 

•  Cross-check data also available for our users 



Ensembl Protein Families 



Ensembl Protein Family-Genes 



•  Rationale 

•  Comparative proteomics 

•  Orthologue predictions 

•  Protein family clustering 

•  Comparative genomics 

•  Genome-wide DNA alignments 

•  Syntenic block characterisation 



Whole Genome Alignments 

•  Functional sequences evolve generally more slowly than 

non-functional sequences 

•  Therefore, sequences that remain conserved may exert a 

biological function 

•  Comparing DNA sequences from species at different 
evolutionary distances can help to identify biological 

function 

•  Coding genes 

•  Non-coding genes 

•  Non-coding regulatory sequences 



…ACTGACATGTACCA… 

…AC----CATGCACCA… 

Mutation 

Sequence edits 

Rearrangements 

Deletion 

Inversion 

Translocation 

Duplication 

Evolution at the DNA level 



Pairwise Alignment Algorithm 

•  Should find all highly similar regions between two 

sequences 

•  Orthologous, as well as paralogous 

•  Should cope with segments without similarity 

•  Should handle rearranged sequences correctly 

•  Need post-filtering to limit overlapping alignments 



Pairwise whole genome alignments 

Pairwise  

alignments  

BlastZ-net/

LastZ-net 

tBLAT 



BLASTZ 

Conservation 

Tracks 

Ensembl Location-View 

TBLAT 

Conservation 

Tracks 

Human 

genome 

sequence 



Pairwise Alignment Export 



Ensembl Location-Multi Species View 



Ensembl Location-Alignments (Image) View 



Multiple Alignment Sets 

•  Ensembl release 60: 

•  34 eutherian (placental) mammals (low coverage) E-P-O 

•  Conservation scores 

•  Constrained elements 

•  16 amniota vertebrates Pecan 

•  Conservation scores 

•  Constrained elements 

•  12 eutherian mammals E-P-O 

•    6 primates E-P-O 

•    5 teleost fish 



EPO pipeline overview 

•  Enredo 1 

•  Defines blocks of colinear sequence 

•  Supports segmental duplications 

•  Pecan 1 

•  Consistency based multiple aligner 

•  Optimized to cope with long genomic 

sequences 

•  Ortheus 2 

•  Ancestral sequences reconstructor (Tree 

Aligner) 

•  Infers the history of insertion and deletions 

(1) Paten, Herrero et al. Genome Res. 2008. 18 (11):1814-28 

(2) Paten et al. Genome Res. 2008. 18(11): 1829-43        



Adding low-coverage (2x genomes) 

•  Low coverage genomes cannot be fully assembled 

•  Resulting assembly is too scattered to be used with 

Enredo 

•  Run EPO on high-coverage genomes only 

•  Map 2x genomes using pairwise alignments 



Genomic evolutionary Rate Profiling (Gerp 1) 

- constrained elements identification 

•  Stretches of the alignment with high conservation 

•  Conserved elements and coding exons 

•  Majority of coding exons are associated with constrained 

elements  

•  Only about a quarter of constrained elements are associated 

with coding exons   

•  Other features (transcription start sites, regulatory features) 

(1) Cooper et al. Genome Reasearch, 2005  



Ensembl Location-View 

Conservation 

Scores 

Multiple 

Sequence 

Alignment 

Constrained 

elements 



Ensembl Location-Genomic Alignments 



Go to the Location tab, Region in Detail view for the 

human BRCA2 gene. Customise the view to display 

pairwise alignments for chimpanzee, mouse, and the 

clawed frog. 

1.   What genomic region on chimpanzee is aligned? Is 

the alignment different for the clawed frog? 

2.  “View alignment” for one of the mouse exons. 

Go to Location tab, Multi-species view for the human 

APC gene. Add chimpanzee and zoom on the first exon.  

1.  Are there any substitutions in the alignment?  

Alignments Exercise 



•  Rationale 

•  Comparative proteomics 

•  Orthologue predictions 

•  Protein family clustering 

•  Comparative genomics 

•  Genome-wide DNA alignments 

•  Syntenic block characterisation 



Syntenic Regions 

•  Synteny  

•  Regions of conserved sequence and gene order on 

chromosomes 

•   result of descent from a common ancestor 

•  Genome alignments are refined into larger syntenic 

regions when the relative distance is <3Mbp and order 

and orientation are consistent 

•  Based on BlasZnet/LastZ-net 



Identifying syntenic regions 

 

 
Bacteria 1 

Bacteria 2 

Step 1: Identification & grouping of syntenic alignments  

blastz 

200Kbp 200Kbp 200Kbp 

Step 2: Linking of groups to form syntenic blocks 

!  3Mbp 

!  And lno more than two non-syntenic groups between them 

Bacteria 1 

Bacteria 2 

Groups of syntenic alignments 



Ensembl Location-Synteny 



Q & A 
EXERCISES 


