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Pre-Ensembl 

• Provides rapid access to new genome assemblies 
before a full gene build is complete
– Shows raw alignments to mRNA and Proteins
– Provides BLAST and SSAHA search services
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Builds released since last SAB
Species # Coding Genes # Transcript # Builds released since Nov 2003
Human 22218 33869 3 full, 4 patch, 1 pre

Mouse 24461 31535 2 full, 3 patch, 2 pre

Rat 22159 28545 1 full in progress, 2 pre

Dog 18201 30308 1 full, 1 pre

Chicken 17709 28416 2 full (1 release), 1 patch (ncRNA), 1 pre

Fugu 20796 33003 1 full (1st in house)

Honey Bee 9671 16948 1 full (+ 1 in progress), 2 extended pre

Mosquito 14364 15802 1 patch (vectorbase team)

X. tropicalis 24405 52786 1 full, 1 pre (zfish group)

Zebrafish 23524 32062 2 full, 2 pre (zfish group)

Tetraodon 28005 28005 1 import from Genoscope

C. briggsae 1 full, REMOVED

Cow - - 1 pre,  low coverage build development 

Chimp 22475 43000 3 transfers from human (API team), 1 pre

Opossum 18936 32270 1 full in progress, 1 extended pre

C. intestinalis - - 1 full in progress

D. melanogaster 13792 19178 1 import from Flybase

C. elegans 19765 24278 2 imports from Wormbase

S. cerevisiae 6680 6680 1 import from SGD



Stages in Genebuild Pipeline 
• the ‘raw compute’ (eg. blasts, repeat masking)

– All dependencies added at the start and run fully automated
• A set of somewhat species specific steps requiring experimentation 

and assessment which we call the ‘genebuild’
– Stages added individually (genewise steps) or in small groups 

(cDNA build, targetted build) to the pipeline
– Allows us to modify the procedure, but gives us the pipeline control 

benefits (automatic job submission, retries, flagging failures, 
batching jobs)

• A set of post processing steps
– Pseudogene labelling

• Pipelined during the last year. Can be customised. 
– Protein annotation

• Fully automated like the ‘raw compute’ stage
– Cross reference generation

• Recently automated by the API team (separate system)
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A Genebuild Pipeline



Each organism has different 
characteristics and resources 
which affect genebuild design

• Evolutionary distance to closest well 
characterised species

• Number of species specific protein and cDNA
sequences

• Number and quality of ESTs
• Genome size
• Coverage
• Availability of manual annotation data
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Low Coverage Genomes

• 8 mammalian genomes sequenced to 2x are 
expected over the next 2-3 years. 

• Ensembl is aiming to provide gene sets for these 
based on alignments to human, building 
predictions on scaffolds which align to genomic 
locations of human genes

• Test case
– Cow preliminary 3x assembly 449727 scaffolds, 

795212 contigs
– Good test case because 6x assembly will be available 

soon



Cow 3x gene build

• Define order of cow scaffolds from genome alignment to 
human (virtual assembly)

• Project human genes across alignment onto virtual cow 
assembly

• Identify Cow specific genes using standard pipeline
– coverage depends on coverage of Cow cDNAs)
– Initial results: 80/2500 cDNA alignments gave matches that 

did not overlap with human projections.  Some appear to be 
junk; some likely to be real.

• Many issues resolving Cow-Human genome matches, 
assembly issues etc.

• Will investigate projection from Dog as Dog gene 
build/assembly improves



MultiContigView



AlignSlice API

• Using whole genome pairwise/multiple alignment 
data,  to generate a reference coordinate system 
common to the aligned species in the genomic 
region of interest.

• Being able to project a transcript from one 
species to another through the alignment data

• Give gene context information across species, 
and more generally give annotation context 
information.

• Needed as a significant number of genomes are 
going to be 2X/3X where no sensible gene 
building is likely to give good quality gene set.



AlignSliceView mock-up
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Bovine Genome specific public resources at NCBI
Bovine assembly and annotation activities
Ensuring the Bovine Genome information is 
included in a broad information context
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Contamination Screening – 167 contigs in 3x
mRNA Based Super-scaffolds
• Added 6297 aligned human cDNAs, 169 bovine
• increased max contig length 2X

NCBI genome pipeline placed 2340 known bovine 
genes  (created 35,483 models)
Bovine MGC picking, sequence evaluation
Transcript anchored genomic alignment
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Bovine Assembly and AnnotationBovine Assembly and AnnotationBovine Assembly and Annotation

Contamination Screening – 167 contigs in 3x
mRNA Based Super-scaffolds
• Added 6297 aligned human cDNAs, 169 bovine
• increased max contig length 2X

NCBI genome pipeline placed 2340 known bovine 
genes  (created 35,483 models)
Bovine MGC picking, sequence evaluation
Transcript anchored genomic alignment
Traces, Assembly Database, SNPs
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Amniote Phylogeny

310Mya

95Mya

75Mya

12-24Mya

KS~ 0.2

KS~ 0.36

85Mya

KS~ 0.42



• Redundant genetic code, e.g.
GCA
GCC
GCG
GCT

• Third base of a codon “wobbles” without 
changing the translated amino acid 

• KS measures neutral mutation rate 
in coding regions without selection

KS: fraction of synonymous 
changes at synonymous sites

→→ AlanineAlanine
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KS Trees: predict…

• Lineage-specific paralogues
• Orthologues
• Retrotransposed pseudogenes
• Genes absent from assembly
• Conserved Synteny
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Ortholog gene positions in the human genome

Leo Goodstadt

13,326: 73.2%



Ortholog gene positions in CFA9 
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Variation in KS

10Mb subtelomeric genes 
indistinguishable from microchromosomal
genes, with respect to KS



KS variation

Species Subtelomeric / 
Subtelomeric

Subtelomeric / 
Interstitial

Interstitial / 
Subtelomeric

Interstitial / 
Interstitial

Chicken / Human 3.15 1.95 2.40 1.53
Dog / Human 0.69 0.35 0.67 0.31
Dog / Chicken 2.15 2.08 1.98 1.64



KS peaks towards synteny breaks



Fragile breakage model

+

It still remains unclear WHY the human and cattle 
karyotypes are relatively stable, whereas those of dogs, 
mice and rats are not.



Rapid Evolution in Gene Clusters



Gene Duplication leading to 
Genome remodelling

Androgen-binding proteins: Emes et al. (2004) Genome Res. 14(8):1516-29

Cattle: 7 α genes, and 
11 β genes (3 of which 
are pseudogenes)

Directed Finishing?



To Do List?
• Genes unique to cattle
• Complex orthology & paralogy relationships.
• QC on genes and assembly (pseudogenes

and absent genes)
• Gene Reprediction
• Evolution of the bovine karyotype
• Low & high evolutionary rates: KA/KS & KS.
• Intronic rates
• Adaptive evolution within genes

Chris PontingChris Ponting
Leo GoodstadtLeo Goodstadt
Caleb WebberCaleb Webber
Andreas HegerAndreas Heger



Issues

• Gene Build: 6X coverage or more?
• Timing: ASAP
• Lineage-specific gene & lineage-specific 

biology: interactions with community.







Variations in KS values
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Human Chromosomal Position (bp)
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Chicken: 
Large and Small Chromosomes

Large (macro-) 
chromosomes:

more DNA but
lower gene
density;

lower mutation
rate; lower G+C

Small (micro-) 
chromosomes:

25% of the DNA 
but half the 
genes;

higher mutation
rate; higher G+C



but dog telomeres 
are recent (derived)…?



Human Chromosomal Position (bp)
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Breakpoints are not random: 
they occur preferentially in 
high G+C / high KS regions

• KS hot spots that occur in ancestral 
interstitial regions have preferentially 
relocated to dog subtelomeres (p-
value < 10-4).

• KS is significantly elevated towards 
dog-human synteny breakpoints (p-
value < 2.2 x 10-16)



Pathogenic Breakage

Occurs most frequently in:
• subtelomeric regions
• high G+C regions.

(Yu et al., 1978; Stoll, 1980; Aula and von Koskull, 1976; 
Nakagome and Chiyo, 1976; Abeysinghe et al., 2003) 



Gene Duplication leading to 
Genome remodelling

Mouse major urinary proteins &
rat α2u-globulins



Two models
FAST increase in G+C and in neutral rates
in the last 60MY, since the dog
karyotype shattered (DERIVED)

stable G+C and neutral rates
in the last 60MY, since the dog
karyotype shattered (ANCESTRAL)

Correlation coefficients 
(Spearman’s rho) between 
1:1 orthologues’ GC4D fractions. 

Human Dog Mouse Chicken

Human -

Dog 0.945 -

Mouse 0.836 0.818 -

Chicken 0.539 0.595 0.539 -

Rat 0.825 0.810 0.937 0.524



Discussion

• Status and plans for gene prediction for 
bovine at Ensembl Sanger/EBI

• NCBI plans for the bovine sequence
• Using comparative genomics on protein 

families

• what the international bovine community 
wants and needs

• potential scientific partners


