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What is GENCODE ? 
•  Human Reference gene set generated for the Encode 

Project 
•  Merge of automatic (Ensembl) and manual annotation

(Havana) -release 4 May 
•  Experimental verification by RTPCR and RACE of 

transcripts(Lausanne) 
•  Manually annotate all loci biotypes (protein-coding, 

pseudogenes, “processed-transcripts/non coding 
RNAs”), small RNAs from Rfam and miRbase mapped to 
genome by ensembl 

•  Visualise in UCSC and Ensembl, collaborate with 
WashU, UCSC, Broad, Yale, CRG  



GENCODE pipeline 



gencodegenes.org 



Automatic Annotation vs Manual 

Automatic Annotation 
•  Quick whole genome analysis ~ 

weeks 
•  Consistent annotation 
•  Use unfinished/illumina 

sequence/shotgun assembly 
•  No polyA sites/signals, 

pseudogene 
•  Predicts ~80% loci 

Manual Annotation 
•  Extremely slow~3 months 

Chr 6 
•  Need finished (high quality) 

seq 
•  Flexible, can deal with 

inconsistencies in data 
•  Most rules have exception 
•  Consult publications as well 

as databases 
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Otterlace pipeline 

DAS=Distributed Annotation system 



DAS source  
visible in Zmap 



Manual annotation browser: Vega 



Human annotation update 

To be annotated by Havana  
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Annotation based on transcriptional evidence. 

Manual Annotation and Biotypes 
Protein Coding 
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Havana Biotypes now in 
Ensembl 

NB NMD variants coding unlike RefSeq 

Status (known/novel/putative CDS/transcript) not taken from Havana 
currently gives some indication of confidence. 

New confidence levels to be investigated 



Different gene sets ensembl/
UCSC/NCBI(Refseq) 

human Mouse  

RefSeq 20,669 	
   23,090 

Ensembl  21,297 21,111 

UCSC 20,930 21,637 
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What is CCDS 
•   Consensus coding sequence project  
•  UCSC, Ensembl, RefSeq and Havana 
•  Produce reference CDS set ATG-STOP 

on human and mouse genome must agree 
•  1st rel 2005    13,142 genes 14 795 IDs 
•  Rel sept 2009 18,177 genes 23 739 IDs 
•  High quality but few alt splice variants and 

no UTRs, slow to increase 



CCDS website: GATA3 gene 
ATG->STOP 



Ensembl 
view 

CCDS 

Gold: agreed 
ensembl/havana 

Blue :non-coding 

Red : coding (001 
havana, 201 
ensembl) 



UCSC View of GENCODE genes 



Changing default settings 

Filter by biotype 



Basic vs comprehensive GENCODE 
BASIC:full length 

Comprehensive:all variants 



Evidence for annotation  



Overview of GENCODE 
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Long noncoding RNA biotypes 
(HGNC and John Mattick)  

•  lincRNA: 
–  Intergenic >200bp spliced (chromatin signatures observed but not 

mandatory 
•  Antisense:  

–  for transcripts overlapping any part of the genome within 5kb of the start 
of the CDS and 30 kb of the end of the CDS of a coding locus on the 
opposite strand.  

•  3’_overlapping_ncRNA:  
–  for transcripts where ditag and/or published experimental data strongly 

supports the existence of short non-coding transcripts transcribed from 
the 3’ UTR. 

•  Sense_overlapping: 
–   for transcripts that contains a coding gene in their introns on the same 

strand. 
•  Sense_intronic: 

–   for transcripts that are in introns of coding genes and do not overlap 
any exons. 
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lncRNA shorter than coding 
exons 



Genome reference consortium (GRC) 

Gaps and assembly issues highlighted which can 
Affect annotation 



GRC problem regions in Ensembl 

GRC DAS track 
Has link to GRC 
database 

Gap in assembly 



Information about assembly errors 



Exercises  



Retrotransposed pseudogene 

Reverse transcription 
and re-integration
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 pseudo_polyA signal

*
 *


• mRNA transcript reverse 
transcribed back into DNA and 
inserted into chromosomal DNA 

• Inserted randomly into 
genome; introns spliced out; 
considered “dead on arrival” 

• often found by automatic 
prediction algorithms  



Unprocessed pseudogene 

Duplication


*
*


• Gene duplication 

• Intact exon-intron 
structure 

• Acquire mutations that 
result in lose of function 

• Identified by lack of CDS 



Are lncRNAs conserved? 

Guigo’s group generated  
Heat map using blast 
 and exonerate analysis of  
9,200 loci from gencode 7 
to examine conservation 
 in mammals 
(platipus/opposum) 



Identification of Nonsense mediated decay 
(NMD) (Stephen Brenner) 

TIBs Vol 33:8 

PTC= 
Premature 
Termination 
Codon 



EBI 
WTSI 

NCBI 

NMD and ψ 
are removed 

comparison 

Release Ongoing revision 

CCDS pipeline:producing consensus 



Human and Vertebrate analysis 
and Annotation (HAVANA)group 


