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Using Ensembl to explore 
zebrafish data – overview

2a: Comparative Genomics

2b: Sequence Variation and Disease



“Our goal is to identify and classify all gene features in the human and
mouse genomes with high accuracy based on biological evidence, and
to release these annotations for the benefit of biomedical research and
genome interpretation”.

The goal of GENCODE

Havana: Human and vertebrate analysis and annotation

https://www.gencodegenes.org/

http://www.gencodegenes.org/


The HAVANA team

GENCODE
Whole Genomeor  
chromosome

Targeted regions  
or genes

Community projects



Comparative Sequence Analysis



Comparative Sequence Analysis

A 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.

“Conservation as a proxy for function”



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



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



Speciation

O rthologues

Time

Paralogues

Duplication

Functional
O rthologues

Original 
function
maintained

G ene 1

Novel
function

Original 
function
maintained

Paralogues

G ene 2 G ene 3

Homology, Orthology, Paralogy
Gene

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, often by 
duplication



Links to the closest putative orthologous genes in other species

Hyperlinks to view alignments & positional information

Orthologue Prediction at Ensembl:http://www.ensembl.org/

Identifying Orthologous Genes



NCBI Homologene
http://www.ncbi.nlm.nih.gov/sites/entrez?db=homologene&cmd

Identifying Orthologous Genes

Contains a wealth of information about homologous genes and links to other resources



Species specific searches

Nucleotide or protein searches

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

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

Identifying Orthologous Genes



Paralogues in Ensembl:



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, Genomicus )

• Confirm that no other paralogous genes are 
present in your species of interest
(BLAST, self-chain @UCSC, paralogues Ensembl)



To identify conserved regions, you must:

• Decide which species you would like to compare

• Identify and extract the relevant genome sequences

• Annotate genes and other features found in the genome 
sequences

• Ensure that repetitive sequences are masked

Comparative Genome Analysis:
Where to Start?



How many vertebrate genomes are available?

86 species in e! v89

96 species + mouse strains



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 
conservation (in 
coding regions)

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

Aids identification 
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

Selection of Species for DNA comparisons



Aligning genomic sequence
• Pair-wise genome sequence alignments combined with additional 
phylogenetic information

(eg PhastCons@UCSC, RankVista,)



Aligning genome sequences - synteny 

• Syntenic regions are calculated 
where possible from pairwise (two-
species) whole genome 
alignments.(e.g. Compara@Ensembl)
•The centre chromosome represents 
the species of interest, and the smaller 
chromosomes show syntenic regions 
with a second species. Blocks are 
coloured according to the 
chromosome number on the second 
species.



Worked Demos and Exercises



Exploring sequence variation 
and disease



Human v Fish

• Disease resources are very human-centric

• More variation information is available for 
humans



Gene Expression Databases
GEO profiles (NCBI)

• Gene expression profiles
• Derived from GEO (Gene Expression Omnibus)

Expression Atlas (EBI)

• Baseline Atlas: which gene products and their 
abundance in “normal” conditions
• Differential Atlas: genes that are up or down 
regulated in a variety of different experimental 
Conditions
• Derived from Array Express



Examining phenotypic effect of 
Mutations

• OMIM
• Online Mendelian Inheritance in Man

• Catalogue of all known diseases with a genetic component 

• COSMIC
• Catalogue Of Somatic Mutations In Cancer 

• DECIPHER
• DatabasE of genomiC varIation and Phenotype in Humans using 

Ensembl Resources

• Database of genomic variation data from analysis of patient DNA



Zebrafish as a model for DDD

The Deciphering Developmental Disorders Study
(2014) Nature



Variation is useful

• Determine disease risk
• Predict reactions to environmental triggers
• Predict responsiveness to drug treatments
• Forensics 
• Genetic and physical mapping
• Evolution



Variation Types

• Cytological level:
• Chromosome numbers
• Segmental duplications, rearrangements, and deletions

• Molecular level:
• Transposable Elements
• Short Deletions/Insertions, Tandem Repeats

• Sequence level:
• Single Nucleotide Polymorphisms (SNPs)
• Small Nucleotide Insertions and Deletions (Indels)

C/T G/A G/A



Types of SNPs

Genic, coding SNPs; Genic, non-coding SNPs; Intergenic, regulatory



Variant predictor programs

• PolyPhen and SIFT
• Provides a scoring for a SNP/Mutation and effect on 

phenotype

• Variant effect predictor – VEP (Ensembl) 
• Variant Annotation Integrator (UCSC)



Variant Effect Predictor (VEP)
Predicts:
• Functional consequences of known and unknown variants
• Substitutions, insertions, deletions and structural variants

Output:
• Affected genes / transcripts / regulatory features / motifs
• Gene symbols
• IDs from Ensembl, CCDS, UniProt, HGVS
• Consequence (missense, stop gained etc)
• Location of variant
• Co-located known variant (s)
• Minor allele frequencies from 1000 Genomes Project
• PolyPhen and SIFT scores



Colour-coding in Ensembl



Warning!

• All these tools make predictions

• Findings should always be confirmed 
experimentally



Worked Demos and Exercises
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