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Gene SequencingGene Sequencing

http://seqcore.brcf.med.umich.edu/doc/educ/dnapr/sequencing.html

http://seqcore.brcf.med.umich.edu/doc/educ/dnapr/sequencing.html
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TracesTraces
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Annotation processAnnotation process

• Automated analysis
– Repeat masking

• RepeatMasker (Smit), tandem, inverted
– Gene prediction

• Genscan (Burge), FGENESH (Solovyev)…
– Database searches

• initial protein and DNA matches using BLAST
• refined protein matches using GeneWise
• refined EST matches using EST2GENOME, spangle
• Pfam annotation using GeneWise.
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Gene Builds Are ProteinGene Builds Are Protein--basedbased

Simple DNA - DNA alignments do NOT lead 
to translatable genes.

Essential to align at the protein level 
allowing for frameshifts and splice sites

GeneWise*
Protein - Genome alignments
Splice site model
Penalises stop codons
Models frameshifts

*E. Birney et al. Genome Research 14:988-995 (2004)
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The Ensembl Gene BuildThe Ensembl Gene Build

Align species-specific proteins
Align similar proteins from closely related 

species
Use mRNA information to add UTRs
Build transcripts using mRNA evidence
Build additional transcripts using ab initio

predictors and homology evidence
Combine annotations to make genes with 

alternative transcripts
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The trouble with BLASTThe trouble with BLAST

AG GT AG GT

Real gene

Ideal BLAST

Reality

BLAST is good for finding possible exon positions
In large genomic sequences.
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BLAST ‘replacements’BLAST ‘replacements’

Exonerate* (Guy Slater)
Fast gapped DNA-DNA matcher
10,000 x faster than BLAST

Pmatch (Richard Durbin)
Fast exact protein-dna matcher
>10,000 x faster than BLAST

*BMC Bioinformatics 6: 31 (2005)
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ExonerateExonerate
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Adding UTRsAdding UTRs

Combined prediction

cDNA - exonerate (UTRs, no phases)
protein - GeneWise (phases, no UTRs)

GeneWise prediction

cDNA - exonerate (UTRs, no phases)
protein - GeneWise (phases, no UTRs)

GeneWise prediction

cDNA - exonerate (UTRs, no phases)
protein - GeneWise (phases, no UTRs)
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Gene BuilderGene Builder

Combines results after GeneWise 
and eventually ab initio predictions.

• Clusters transcripts into genes by 
genomic exon overlap.

• Groups transcripts, which share exons
• Rejects non-translating transcripts
• Removes duplicate exons
• Attaches supporting evidence
• Writes genes to database
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Evidence Tracks in Evidence Tracks in 
ContigViewContigView

Compressed 
tracks

Expanded 
tracks
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Functional RNAs 
Families share conserved secondary structure
Low sequence identity
Ribosome
Spliceosome
tRNAs
miRNA

ncRNAsncRNAs
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RFANRFAN
Hand made alignments
Use Infernal to make Covariance Models
Scan models over subset of EMBL to build family 

alignments
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miRNAmiRNA
Highly conserved across species
Precursor stem loop sequence ~ 70nt
Mature miRNA ~ 21nt
BLAST genomic v miRBase precursors
RNAfold used to test for stem loop
Mature sequence identified 

(only 2 nt changes tolerated)
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Pseudogenes and ncRNA and Pseudogenes and ncRNA and 
ncRNA PseudogenesncRNA Pseudogenes
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PseudogenesPseudogenes
Eliminate retro-transposed (processed) pseudogenes

Query: 3 SRLLLNNGAKMPILGLGTWKSPPGQVTEAVKVAIDVGYRHIDCAHVYQNENEVGVAIQEK 62
S ++LNNG K  +LGLGTWKSPPGQV EAVKVAI+  YRHIDC+HV+QN++  QE+

Sbjct: 2   SHIMLNNGTKTDMLGLGTWKSPPGQVAEAVKVAINTVYRHIDCSHVHQNKD------QEQ 55

Query: 63  LREQVVKREELFIVSKLWCTYHEKGLVKGACQKTLSDLKLDYLDLYLIHWPTGFKPGKEF 122
L+EQVV+RE LFI+SK W   H K LV+G+C+K LS L+LDYLDL+LIHWPTG PGKEF

Sbjct: 56 LKEQVVRREWLFIISKPWGICHRKCLVRGSCRKVLSGLELDYLDLHLIHWPTGCHPGKEF 115

Query: 123 FPLDESGNVVPSDTNILDTWAAMEELVDEGLVKAIGISNFNHLQVEMILNKPGLKYKPAV 182
LDESG +                   +GLVKA GISNF HLQ E  LNK GLK     

Sbjct: 116 SFLDESGLI-------------------QGLVKAAGISNF-HLQAERTLNKSGLKLSATG 155

Query: 183 NQIECHPYLTQEKLIQYCQSKGIVVTAYSPLGSPDRPWAKPEDPSLLEDPRIKAIAAKHN 242
LTQE LIQY QSK   VTAYSPLGSPDRP AKPEDPSLLEDPRIK IAAKHN

Sbjct: 156 RS------LTQENLIQYYQSKA-AVTAYSPLGSPDRPRAKPEDPSLLEDPRIKVIAAKHN 208

Query: 243 KTTAQVLIRFPMQRNLVVIPKSVTPERIAENFKVFDFELSSQDMTTLLSYNRN 295
+ T+QVL+    QRNLVV P SVT +RIAENFKVFDFELSSQDMT+LLS NRN

Sbjct: 209 E-TSQVLMWLLTQRNLVVTPTSVTLDRIAENFKVFDFELSSQDMTSLLSCNRN 260

Chromosome 18:8,535,635-8,536,757

Chromosome 7:133,584,367-133,601,097

Mostly dead-on-arrival 

Intronless, poly-A tail, short direct repeats
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Spliced ElsewhereSpliced Elsewhere
BLASTs single exon genes against a database of the multi-

exon genes.
Span of real gene > 3x span of retro gene
Finds an additional ~ 600 pseudogenes in human

False positives can occur where gene predictions join 
together neighbouring genes in a cluster

Questions remain over the wisdom of calling all of these 
genes pseudogenes as some may be functional.

Single exon transcripts with frameshifts
Single exon transcripts with a spliced gene model elsewhere
Transcripts which introns contain more than 80% repeat 

sequences
A gene is labeled as a pseudogene if all transcripts in that gene 

are labeled as pseudo-transcripts
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Functional RNAs 
Families share conserved secondary structure
Low sequence identity
Ribosome
Spliceosome
tRNAs
miRNA

ncRNAsncRNAs
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RFANRFAN
Hand made alignments
Use Infernal to make Covariance Models
Scan models over subset of EMBL to build family 

alignments



25 of 49

miRNAmiRNA
Highly conserved across species
Precursor stem loop sequence ~ 70nt
Mature miRNA ~ 21nt
BLAST genomic v miRBase precursors
RNAfold used to test for stem loop
Mature sequence identified 

(only 2 nt changes tolerated)
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StructuresStructures
Structures identified by Infernal / RNAfold are stored as 

transcript attributes
::::::::::::::::<<-<<<<<-<<<________________>>>>>>>>-->>,,,,

1 AuCUUUGCGCAGGGGCaaUaucguAgccAGUGAGGcUuuaCCGAggcgcgauUAuuGCUA 60      
A+CUUUGCGCAG GGCA:UAU :UAGCCA+UGAGG+UU++CCGAGGCG: AUUA:UGCUA

181 AGCUUUGCGCAGUGGCAGUAUCAUAGCCAAUGAGGUUUAUCCGAGGCGCAAUUAUUGCUA 240     

<<<<_.________.__>>>>,,,,,<<<.<<<<<<<<<<____......__>>>>>>>>
61 gUugA.AAACUAUU.CCcaAccgCCCgcc.aagacgacauguua......uauugucggc 111     

:UU A AAA UA      AA:+G   G:C ::: ::A:::+UUA      U :::U::+:
241 AUUAAuAAAUUAAAuAAUAAAAGGG-GACuCUU-UUAGUGCUUAuaaaggUUUACUAACC 298     

>>->>>,,,,,,,,,,,,<<<<____>>>>
112 uuuggcAAUUUUUGGAAGcccuccAaaggg 141     

:: G:CAA UU   +AAG  ::C+AA::  
299 ACAGACAACUU---AAAGGUAACAAACCUA 325 

Displayable on website as markup on transcript sequence
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Human Build StatisticsHuman Build Statistics
NCBI 35 assembly, released June 2004
Ensembl genes: 24,194

protein-coding genes 22,242
pseudogenes 1,978

ncRNA genes 6,501
Ensembl coding transcripts: 33,838

non-coding transcripts 1,978
Ensembl exons: 245,215 
Human input sequences:

54,272 proteins, redundant set
120,421 cDNAs
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Ensembl gene set
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Ensembl EST genes
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Gene models from other groups

Evaluating Genes and Evaluating Genes and 
TranscriptsTranscripts
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EST AnalysisEST Analysis

Map ESTs with Exonerate
(determine coverage, % identity and location in genome)

Filter on % identity and depth
(5.5 million ESTs from dbEST – we map about 

1/3)
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Merge ESTs according to consecutive exon 
overlap and set splice ends

Assign translation

Alternative transcripts with translation and UTRs

ESTs

Alternative Splicing FormsAlternative Splicing Forms
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Human ESTs

EST transcripts

Latest Human Build 
NCBI 35 assembly EST Genes: 28,636
released July 2004 EST Transcripts: 56,351

EST Genes and ESTsEST Genes and ESTs

Ensembl transcript
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Ensembl gene set
Pseudogenes
Ensembl EST genes
Ab initio predictions
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Evaluating Genes and Evaluating Genes and 
TranscriptsTranscripts
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Ab initio Ab initio PredictionsPredictions

GENSCAN 
prediction

Evidence supporting 
GENSCAN exons
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Ab initio Ab initio PredictionsPredictions

Genscan 
transcript
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Manual Manual CurationCuration

Manual annotation of finished clones
Vega Genome Browser 

http://vega.sanger.ac.uk/
Currently only chromosomes

1, 6, 9, 10, 13, 20, 22, X and Y (Sanger Institute)
7   (Washington University)
14 (Genoscope)
18 (Broad Institute)
16, 19 (DOE Joint Genome Institute)

Other groups will also contribute to Vega
Displayed in Ensembl when available

http://vega.sanger.ac.uk/
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Manual Manual CurationCuration
Manually-curated gene sets in Ensembl
WormBase (data import)

Caenorhabditis elegans
FlyBase (data import)

Drosophila melanogaster
Génoscope (data import)

Tetraodon nigroviridis
IMCB, Singapore (data import)

Takifugu rubripes
SGD (data import)

Saccharomyces cerevisiae
Vega includes some manually-curated 

finished clones from
Danio rerio, Mus musculus and Canis familiaris
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ManuallyManually--curated Vega Genescurated Vega Genes

Vega manual 
curation
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ManuallyManually--curated Vega Genescurated Vega Genes
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CCDS (consensus CDS)CCDS (consensus CDS)
Collaboration between RefSeq (NCBI ), 
UCSC, Ensembl and Havana to produce a 
set of stable, reliable, complete (ATG-
>stop) CDS structures for human
NCBI and Ensembl guarantee to retain 
these structures in their gene sets

Long term aim is to get to a single gene set for 
human.
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Ensembl/Vega merged setEnsembl/Vega merged set
On chromosomes with Vega annotation

Map Vega annotation to current assembly
Prune partial CDSs from Vega Known and 

Novel_CDS
Add unique Ensembl complete CDSs to 

Novel_CDS and Known genes
Add unique Ensembl genes
Add Ensembl genes which overlap Vega 

Novel_Transcript ONLY when the Ensembl 
has a complete CDS

Remove Vega putative genes
On chromosomes without Vega annotation

Take Ensembl set (including pseudogenes)
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Comparison of Comparison of CDSsCDSs to NCBIto NCBI

Exact matching CDS on the genome with:
Complete CDS (ATG->stop)
No frameshifts
No phase problems
No internal stop codons

NCBI

Hinxton
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CCDS release (March 2005)CCDS release (March 2005)
Conservative first set, so the following have 

been removed:
All CDSs which match XMs
CDSs with large cDNA v genomic discrepancies
CDSs with non consensus splice sites 

Set contains:
14795 different CDSs
16085 transcripts (in Ensembl)
13031 genes

The genebuild pipeline has been modified to 
retain these ‘blessed’ CDSs (stored in a 
database for incorporation in the build)
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Evaluating Genes and Evaluating Genes and 
TranscriptsTranscripts

Ensembl gene set
Pseudogenes
Ensembl EST genes
Ab initio predictions
Manual curation (Vega)
Gene models from other groups
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Other Gene ModelsOther Gene Models
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Evidence Tracks in Evidence Tracks in 
ContigViewContigView

Compressed 
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Expanded 
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