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Havana: Human and vertebrate analysis and annotation
• Manual annotation of human, mouse, zebrafish, pig and rat 

whole chromosomes or genomes
• Human GENCODE annotation and working on mouse 

GENCODE annotation
• Annotation of specific regions: human MHC & LRC 

haplotypes, multiple species MHCs & LRCs,



GENCODE gene set

The GENCODE consortium

Genebuild
Computational annotation

HAVANA
Manual annotation



The HAVANA team

GENCODE Whole Genome 
or chromosome 

Targeted regions 
or genes Community projects
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Best methods:

Sensitivity <50%

Specificity <70%

Requirement for manual annotation 
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Requirement for manual annotation

RGASP - Steijger et al. Nat Methods. 10(12):1177-84 (2013)
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Manual annotation supports automated 
annotation



Manual annotation supports automated 
annotation



Automated annotation problems:

Annotation issues:
Gaps, clusters and duplications, haplotype vs duplication, concatenation, overlapping 
genes, expansions and deletions, pseudogenes vs lof genes: biotype uncertainty,
nomenclature, artefacts, transposons………………….



The GENCODE update trackhub:
Ensembl and UCSC genome browsers



Itgb3

Mettl2

Efcab3
Cage	tags	=	2181

Cage	tags	=	268

5808aa

Ens_RNASeq_ENCODE_canonical_introns_plus

Mouse strain annotation reveals new genes:

Ruth Bennett



Reference 
C57BL/6

129S1-
SvImJ

Mouse strain annotation reveals strain specific 
coding transcripts: Ifi214

393aa NMD 420aa coding
>Reference longest NMD transcript 393 AA. 
MVNEYKRIVLLTGLMGINDHDFRMVKSLLSKELKLNKMQDEYDRVKI
ADLMEDKFPKDAGVVQLIKLYKQIPGLGDIANKLKNEKAKAKRKGKG
KRKTAAKRQRQEEPSTSQPMSTTNEDAEPESGRSTPDTQVAQLSLPT
ASRRNQAIQISPTIASSSGQTSSRSSETLQSIIQSPETPTRSSSRIL
DPPVSPGTAYSSAQALGVLLATPAKRQRLKNVPKEPSEENGYQQGSK
KVMVLKVTEPFAYDMKGEKMFHATVATETEFFRVKVFDIVLKEKFIP
NKVLTISNYVGCNGFINIYSASSVSEVNDGEPMNIPLSLRKSANRTP
KINYLCSKRRGIFVNGVFTVCKKEERGYYICYEIGDDTGMMEVEVYG
RLTNIACNPGDKLRLML*

Stop codon isn’t a SNP. Caused by a much larger 
disruption.

>129 Patch long coding transcript (equivalent to ref NMD) 420 
AA. 
MVNEYKRIVLLTGLMGINDHDFRMVKSLLSKELKLNKMQDEYDRVKI
ADLMEDKFPKDAGVVQLIKLYKQIPGLGDIANKLKNEKAKAKRKGKG
KRKTAAKRQRQEEPSTSQPMSTTNEDAEPESGRSTPDTQVAQLSLPT
ASRRNQAIQISPTIASSSGQTSSRSSETLQSIIQSPETPTRSSSRIL
DPPVSPGTAYSSAQALGVLLATPAKRQRLKNVPKEPSEENGYQLGSK
KVMVLKVTEPFAYDMKGEKMFHATVATETEFFRVKVFDIVLKEKFIP
NKVLTISNYVGCNGFINIYSASSVSEVNDGEPMNIPLSLRKSANRTP
KINYLCSKRRGIFVNGVFTVCKKEERGYYICYEIGDDTGMMEVEVYG
RLTNIACNPGDKLRLICFELTPDEETAWLRSTTHSNMQVIKARN*Ruth Bennett



Nlrp1a

Nlrp1b

Nlrp1c-ps

Reference: C57BL/6 Strains: PWK/PhJ WSB/EiJ CAST/EiJ

Gene
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Pseudo
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Gene Pseudo Gene

Gene Gene Pseudo

Pseudo Pseudo Gene

Pseudo Pseudo Gene

Pseudo Pseudo Pseudo

Expansion

Ruth Bennett

Mouse strain annotation reveals strain specific 
expansions at the Nlrp locus
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From: Consensus coding sequence (CCDS) database: a standardized set of human and mouse protein-coding regions supported by expert curation
Nucleic Acids Res. Published online  November 06, 2017. doi:10.1093/nar/gkx1031

19,766 protein coding 

Differences in manual annotation 
approach matter



Differences in manual annotation approach 
matter



TM7SF2

HAVANA annotation guidelines: 
protein-coding genes



Protein-coding

TM7SF2

HAVANA annotation guidelines:
protein-coding genes



Protein-coding NMD

Retained	intron

TM7SF2

HAVANA annotation guidelines:
protein-coding genes



Transcription	start	site

TM7SF2

HAVANA annotation guidelines:
protein-coding genes



Translation	initiation	site

TM7SF2

HAVANA annotation guidelines:
protein-coding genes



Transcript	end
TM7SF2

HAVANA annotation guidelines:
protein-coding genes



Improvements of lncRNA annotation: 
understanding functionality



HAVANA annotation guidelines: pseudogenes



Manual Annotation: Biotypes
Annotation:

based on transcriptional evidence
Protein Coding

Known_CDS
Novel_CDS
Putative_CDS
Nonsense_mediated_decay

Transcript retained intron
putative

Non-coding lincRNA
Antisense
Sense_intronic
Sense_overlapping
3’_overlapping_ncRNA

Pseudogene

Processed
Unprocessed
Transcribed
Translated
Unitary
Polymorphic

Immunoglobulin

IG_pseudogene
IG_Gene
TR_Gene

Biotypes

Sequences
from 

databases

Set of guidelines to help make annotation decisions



GENCODE Biotypes



IWGSC RefSeq v1.0 Gene stats:
~4000 manually curated genes

107,886 high confidence genes

Duplicated genes (Inparalogs): 27% of the high confidence gene set
Lineage specific duplications

~162,000 low confidence genes: unsure if pseudogene or gene or genomic error

~300,000 pseudogenes

~4 million transposable elements (85% genome)

850 RNAseq sets available



Guidelines can be found at:

ftp://ftp.sanger.ac.uk/pub/project/havana/Guidelines/
Guidelines_March_2016.pdf

Please contact us at:

gene-annotation@ebi.ac.uk

Please speak to us about manual annotation
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