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Overview of the GENCODE reference gene set

Aims
This module will give an overview of the GENCODE gene set that is available

from the genome browsers and and explain how ENCODE data is integrated
to improve the set.

Introduction
Schematic showing interconnection between different GENCODE pipelines

Specialized prediction

pipelines Automated GENCODE
(Congo, PseudoPipe, annotation data set
RetroFinder, APPRIS, etc.)
{Ensembl)
merge data release & submit
ac data set

i Manual
Tracking system :
AnnoTrack annotation
{Havana)
— annotate new
regions
— assign validation level - update annotation
| — highlight conflicts, track incorporating QC
Experimental solutions
verification

(RT-PCR-Seq, RACE)

HAVANA (Human and Vertebrate Analysis and Annotation) group at the WTSI
perform manual genome annotation. Finished genomic sequence is analysed
on a clone by clone basis using a combination of similarity searches against
DNA and protein databases (including cross-species) and a series of ab initio
gene predictions. Annotation is based on supporting evidence, which is
external sequence such as ESTs, cDNAs and protein. There are multiple
biotypes that reflect confidence levels and there are additional data sources
included as DAS tracks (e.g. CAGE tags, RNAseq).
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Manual Genome Annotation

Genomic sequence is run through the analysis pipeline and saved in the
mysql database. The annotators then view this data through the Zmap viewer
and perform manual annotation in the Otterlace transcript editing interface.
The annotation is then save back to the database. Every few months this data
is fed through to Vega and then also incorporated into the Ensembl genebuild.
The underlying data for the Vega database is generated by the Havana group.

Vega may be browsed and searched in a similar way to Ensembl.

Below is a screen-shot of the ClZ1 locus in Zmap from the Otterlace
annotation software. Protein coding genes are shown in red and green, whilst
non-coding transcripts are shown in red.

Other columns show Blast hits to DNA and protein databases, repeats and

Phastcons regions (evolutionarily conserved regions from 28 vertebrates)
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Biotypes: The Havana team annotate both coding and non-coding loci,

including pseudogenes.

CDS Flowchart

These rules apply to full-length CDSs: a partial CDS adopts the category of the full-length CDS
of which it is a subset (if there is more than one, choose highest category). If a partial CDS has a
novel first or last coding exon it will be Putative_CDS unless support suggests otherwise.

«1 Contains ATG and stop codon of a suitable reference coding variant OR contains ATG of
coding variant and has polyA features

«2 Differences internal to exons are OK as long as they result from polymorphisms (i.e. SNPs or
DIPs) and there is no doubt that the correct SwissProt/Trembl is being used: ie. the same
protein from a different haplotype or strain may be used as support. Changes in exon structure
or exon boundaries, however minor, are NOT allowed

3 If SwissProt entry not supported by transcripts or literature, make it a Putative_CDS

«*Includes first ATG internal to another CDS and stop codon in an exon used by another variant
in a different frame

confident
CDS?

Transcript Flowchart

shares
>60% length

first or last coding(yle)
exon % Swissprot or

Refseq?

NoveI_CDS) (Novel_CDS) (Novel_CDS)

We also annotate transcripts that are likely to be subject to nonsense-
mediated decay (NMD) (PMID: 19543372, 12502788) with an intact CDS.

Full-length
mRBNA | .
EST
sequences

b0 ' PTO I
1 | ' | | 1 |
r - | 1 - . ] l |
i | : : 1 1 1 | |
A A
Alternative ‘Poisen’
exon exon
[ IUnlranslaled sequence . Open reading frame

The exact mechanisms behind NMD have not been elucidated and so we
retain the CDS in our gene models.
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The Vega database (http://vega.sanger.ac.uk/)

The Vertebrate Genome Annotation (Vega) database is a central repository
for high quality, frequently updated, manual annotation of vertebrate finished
genome sequence. Vega differs from Ensembl in that it shows annotation
from the labour intensive process of manual curation produced by the
HAVANA (Human and Vertebrate Analysis and Annotation) group at the WTSI.
Finished genomic sequence is analysed on a clone by clone basis using a
combination of similarity searches against DNA and protein databases and a
series of ab initio gene predictions. Annotation is based on supporting
evidence, which is external sequence such as ESTs, cDNAs and protein, and
is performed to standards guidelines available from described in the
HAVANA annotation manual

(http://www.sanger.ac.uk/research/projects/vertebrategenome/havanay/).

Vega displays complete chromosome regions in blue and dark grey showing

regions with no annotation.

Major Histocompatability Complex

The human major histocompatibility complex (MHC) contains many immune
related genes including highly polymorphic examples encoding MHC class |
and class Il molecules that present antigens to T lymphocytes. Vega has
seven human haplotypes of the chromosome 6 MHC region together with
reference sequence 6-PGF: 6-COX, 6-QBL, 6-SSTO, 6-APD, 6-DBB, 6-
MANN, 6-MCF. These are shown as distinct chromosomal regions and are
also included in the Vega comparative analysis.

CCDS

HAVANA is an important contributor to the Consensus CDS (CCDS) project,
which is a collaborative effort between the European Bioinformatics Institute
(EBI), the National Centre for Biotechnology Information (NCBI), the
Wellcome Trust Sanger Institute (WTSI) and the University of California at
Santa Cruz (UCSC). The aim of the project is to identify a core set of human
protein coding regions that are consistently annotated between the different
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institutes. The long-term goal is to support convergence towards a standard
set of gene annotations. The CCDS gene set is generated by Ensembl and
NCBI and there is extensive QC by WTSI, NCBI and UCSC. A set of
guidelines have been developed for the annotation of coding sequence
regions by the collaborating Institutes, and any changes to the CCDS set

have to be agreed by all three sites.

CCDS pipeline: producing consensus
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Worked example 1:
View the RECQL4 locus. What biotype is this gene in Vega, Ensembl and

UCSC?

Vega*

BLAST/BLAT | Help & Documentation

Sanger The Vertebrate Genome Annotation (VEGA) database is hava nE!

PR e a central repository for high quality manual annotation Of = e e meu s o sl
vertebrate finished genome sequence. Human, mouse

and zebrafish are in the process of being completely annotated, whereas for other species the

annotation is only of specific genomic regions of particular biological interest. The majority of the

annotation is from the HAVANA group at the Welcome Trust Sanger Institute

The website is built upon code from the Ensembl project.

Browse a genome

'+« - | Human [03-04-2012)
Ensembl

Zebrafish [03-

@ Ensembl

Mouse [12-01-2012]

\ Ensembl

[ @ Chimpanzee [12-01-2012)

Ensembl
Human (VEGA47) v
About this species

‘» Ensembl

STEP 1:
Load Vega:
http://vega.sanger.ac.uk

[ || Gorilla [30-03-2009]
i Ensembl

Wallaby [30-03-2009]

‘ Ensembl

Pig [16-05-2007]
Ensembl

STEP 2:
Select human genome
annotation

Dog [14-02=

Human (Homo sapliens)

Description

Acknowledgements

What's New

= Sample entry points

Chromosome (20)
Location (AL035460.15)
Gene (MRPS26)
Transcript (GNRH2-001)

Search for: RECQL4

\
(n
o

e.g. MRPS26 or AL035460.15

Description

This site presents data from the manual anngsdtion of the human genome, including of the GRCh37.p5 fix and novel patches. The annotation shown in th
datafreeze taken on the 19th December 2041 and the gene structures are presented in the merged human geneset shown in Ensembl release 67. This ct
release 12. All chromosomes apart fropA7, 18 and 19 have now undergone a first pass manual annotation by the Havana group at the Wellcome Trust £

Vega also shows manual annotatipfi of loci and regions of particular interest:

STEP 3:

Search for gene
symbol RECQL4 nes:

Annotation progress

Click on a chromosome to browse:

3 April 2012

46,369

19,557
Processed transcripts 12,165 ‘g
Pseudogenes 13,362 (=]
IG & TR Genes 631 E E g E D D 9
Annotated transcripts 166,571
= Ideograms of

annotated
7 chromosomes

and additional
information
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TTWOMING WMy

Your search of Human with 'RECQL4' returned the following results:

By Feature type By Species
Total 1 Total 1
p Gene 1 p Human 1
By Feature type STEP 4:
== 3 Expand the Gene
v Gene 1 section.
4___/— Select the link to the
Human (1)
Vega gene

RECQL4 [ Havana: OTTHUMGO00000165178

Description RecQ protein-like 4 [Type: processed transcript Havana]
Location 8:145736671-145743229:-1

STEP 5:
Source va7 List of manually

curated transcripts
and gene summary.

Notice that there are no protein products for this gene. Select a transcript by

Gene-based displays
Gene summary

Gene; P

Splice variants (10) Description RecQ protein-like 4
gggﬁgn"’c? ovicenos Location Chromosome 8: 145.736,671-145,743.229 reveyst strand.
External references Transcripts = This gene has 10 transcripts

- Comparative Genomics
E Genomic alignments

Orthologues
Alt. alleles
= External Data Name Transcript ID gth (bp) Protein ID Length (aa) Biotype CCDS
| - Personal annotation RECQL4-001 | OTTHUMT00000382482 3897 No protein product - Processed transcript -
B Othor ge“"lme browsers RECQL4-002 | OTTHUMT00000382483 3810 No protein product = Processed transcript| -
ol RECQL4-004 | OTTHUMT00000382430 725 No protein product - Processed transcript -
RECQL4-005 | OTTHUMTO0000362489 686 No protein product z Processed transcript| -
RECQL4-007 [ OTTHUMT00000382488 724 No protein product - Processed transcript -
RECQL4-008 | OTTHUMTO00000382486 922 No protein product - Processed transcript 5
RECQL4-009 ( OTTHUMTO00000382485 324 No protein product - Processed transcript -
RECQL4-011 [ OTTHUMTO00000382484 988 No protein product - Processed transcript -
RECQL4-013 | OTTHUMT00000397531 781 No protein product - Processed transcript -
RECQL4-003 [ OTTHUMT00000382491 517 No protein product - Retained intron -
Gene summary help
Curated Locus RECQL4 (HGNC Symbol)

clicking on it.

CQL4 OTTHUMGO00000165178

Synonyms RecQ4 [To view all genes linked to the name click here.]
Gene type Known processed transcript [Definition]
Author This gene was annotated by Havana <vega@sanger.ac.uk>

Version & date
Other assemblies

Curation Method
Alternative genes

Version 2, last modified on 08/10/2010 (Created on 22/04/2010)

This gene maps to to 145,736.671-145,743,229 in GRCh37 (Ensembl) coordinates.
Jump to this stable ID in Ensembl

See this description of the manual annotation process
ENSG00000160957 [view all locations]

Ensembl gene:
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Transcript summary help

—=mReverse strand

6.56 Kb

Statistics
Class

Author
Version & date

Remarks

Alternative transcripts - gpqemb] transcript having exact match with Havana:

Curation Method

Exons: 20 Transcript length: 3,897 bps
processed transcript [Definition
This transcript was annotated by Havana

Version 1, last modified on 08/10/2010 (Created on 22/04/2010)

U-20T/MZZ.13-001

suspected genomic sequence error affecting CDS in exon 14
I ] h37 (Ensembl) coordinates.

Jump to this stable ID in Ensembl

See this description of the manual annotation process

ENST00000532237 [view all locations]

Export Image

STEP 6:

The Remark field
explains that there is a
genomic error in this
region that affects the
CDS.

As there is a suspected genomic error we should check and see if this is
being investigated by the GRC. In order to view the GRC track in a genome

browser we will need to go to Ensembl.

Veg a BLAST/BLAT | Help & Documentation

Location-based displays

— Whole genome

— Chromosome summary

— Region overview

— Region in detail

= Comparative Genomics
Alignments (image)
Alignments (text)
Multi slice view

— Markers

- Other genome browsers

L Ensembl

S |

Assembly except
chromosome 8

Assembly except

STEP 7:

Click on the location
tab at the top of the
page, then click on the
side link to Ensembl.

Chromosome 8:

12 N . EE

Region i
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This will bring you to the same gene in the Ensembl genome browser, which
is also displayed as non-coding.

Chromosome bands
|_| Contigs
EnsemblMHavana.,..

Veqga Havana

|| Humen RefSealE....

| | Req, Feats
%GC

Gene Legend
Req. Featuresleq...

5.56Kb Forward strand me-!
145,737.000 145.738.000 145.735,000 145,740,000 145,741.000 145.742.000 145.74
24.3

le RECQL4-201
processed transcript
| A . ¥

i< RECQL4-001
processed transcript |
i< RECQL4-002 i
processed transcript

OO e O 0000
< RECQL4-013 < RECQL4-008 < RECQL4-005
processed transcript processed transcript processed transcript
O OO0 aO0-— 000 ——
< RECQL4-011 < RECQL4-007 < RECQL4-004
processed transcript processed transcript processed transcript
OO0

—
< RECQL4-009 < RECQL4-003
processed transcript retained intron

MNA A A A A { A W { C oA T P ! v R

} O A 0.0
RECOL

ega Havana processad transcnpt |
el BB B B B I ] — L - e |3 o

| lll lll

A T A A N AT S AR AT A ATV IS T AA T TR AWV AV A S AN VR AN AT JU i AT
s W v VT T

P St RO R Y WaVA

| 145,737,000 145,738,000 145,739,000 145,740,000 145,741,000 145,742,000 145, 7!
e Reverse strand 6.56 Kb

B processed transcnpt

B Vega Havana processad transcript 2

W Gene associated BiNon-gene associated

B Pollll associated W Promoter associated
Uncl assified

There are currently 417 trackstumed o

Ensembl| Homo sapiensverson 66.37 (GRCh37) Chromosome 8 145,736,671 - 145,743,229

]

This is

Export Image

the default view, but there are many tracks that you can switch on and

will be expanded on in a later module. In order to view the GRC track you will

need to go to | 4~ Configure this page

Under “Sequence and assembly” select “Misc. regions and clones”. Then
under “External data (DAS)” you will see “GRC region NCBI_37”. Select this
with labels:
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Manage Configurations Custom Data

STEP 8:
GRC track in under
external data (DAS)

QDAS Distributed Annotation Source
L wemp Custom track - uploaded data
GURL Custom track - UCSC-style web resource
Bisaved Custom data saved to your user account

' Configure Region Image Configure Overview Image
Active tracks
Sequence and assembly
Favourite tracks
Enable/disable all Misc. regions & clones

Track order
Search results [: VEGA46 assembly
Sequence and assembly (2/24) [ Vega clones

Sequence (114) | [] 1Mb clone set

Markers (/1)

Ditag features (o/2) [_ o

Simple features (0v4) | [] 32 clone set

R giiNe 5 non WUE] | [ eNcODE exciuded regions
Gg::::nd tranacripts g:;ﬁ; [[] Encode regions

Prediction transcripts (ov2) [: Genomic contigs

RNA-Seq models (0/32) |— Tilepath
mRNA and protein alignments  (1/15)

mRNA alignments (1/3) External data (DAS)

EST alignments (ov1)

Protein alignments () || GOAS CHORIT7 BACs

Protein features (Ov6) [: WDAS CPG island clones
ncRNA (03)| | [B% @OAS GRC region NCBI_37
Other DNA alignments (11)] [ @oAs Pig BAC ends
Germline variation (0/78)

dbSNP (oi2) = Key External tracks

1000 Genomes & HapMap (0V20)

Phenotype and curated variants  (0/10) E Track style

Individual genomes (0/14)

Arrays and other (o) |E Forward strand

Failed variant; (0V13) I’E Reverse strand

Structural variants (ar1) i
Somatic mutations oaa)| T"’:_’:: "“:
Regulation B | W Aok aion

Regulatory features (1/20)

The GRC track is shown in red, if there is a GRC report for that region.

processed transcript proteins encoded by

RefSeq NM_004260.2

< RECQL4-001

L . (RECQL4) and the genomic
procesiec ensrit region to which it aligns.
i< RECQL4-002 Method: Clone Problem; Status
processed transcript Awaiting Exptl Data

i< RECQLA-013 Start: 145659902

processed transcript  End: 145854134

{ < RECOL4-011 B

| processed transcript  GRC report for HG-334

| There is a possible functional

| <RECQLA4-009 difference between the proteins

| processed transcript
ko s Uelh,

| veaa Havana f encoded by RefSeq NM_004260.2

Li-.  (RECQL4)and the genomic region to
~,. which it aligns.

vana pr

656 Kb Fornard strand m
* 145.737.000 145.738.000 145.739.000 145,740,000 145,741,000 145.742 000 142
| | Chromesome bands 24.3
| SRC.coaion NGBl e oy 3 (Awaiting Exptl Data
[ contias IS Typo:  Clone Problem:Thero s a -
EnsemblMavana,. FICIAT= possible functional W N W SN W V]
[c RECQL4-201 difference between the

N IS a8 ¥ SSNEE s B ce— S S )

STEP 9:

Click on GRC track to
give information about
the genomic error.

i S - Y S -

—-0

t< RECQL4-007
processed transcript

- -
< RECQL4-003
retained intron

F e T
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We can now jump to the same gene in the UCSC genome browser, by
clicking on the UCSC link in the side bar R
= Other genome browsers
UCSC
NCBI
Vega

This will open in a new browser window.

__UCSC Genome Browser on Human Feb. 2009 (GRCh37/hgl9) Assembly

move { <<< ) << )< )(>)(>> ) >>> )zoomin ( 1.5x )( 3x ){ 10x ) base ) zoomout { 1.5x ){ 3x )( 10x )
R R R i R e e el et Nt St St

position/search chr8:145,736,671-145,743,229 gene ( jump ){ clear ) size 6,559 bp. [ configure

chrs (a24.3) [CJlPa5 1] [ |

Kb} { he1g

Scale
chra: | 145737500 145735000] 145735500] 145739000 145739500] 145740000] 145740508 145741000] 145741500] 145742000] 145742500] 145743000|
UCSC Genes (RefSeq, UniProt, CCDS, Rfam, tRNAS & Comparative Genomics)
RECOL4 okl - T - - - - T - - -
Consensus CDS
RefSeq Genes

[ 1

Switch on the GENCODE genes V11 and mouse over the track:

position/search chr8:145,736,671-145,743,229 gene ( jump ){ clear ) size 6,559 bp. [ configure

RECOL4 X il -~ - N - - - - - - - - - - - - - -

Kb} { hetg

Scale F {
chrs: | 145737508| 145735606| 145735506| 145739000| 145739506| 145746060 145740500 145741008 145741506] 145742006| 145742508| 145743000|

UCSC Genes (Ref3eq, UniFrot, CCDS, Rfam, tRNAS & Comparative Genomics)
RECOL4
Basic Gene Annotation Set from ENCODE/GENCODE Version 11
RECGL4

Consensus CDS

RECOL4 ch il - S S - S - - - RECQL4 £
DNasel /FRIRE/ChIF Sunthesis from ENCODE/OpenChromdDuke /UNC/UTA)

I I O Y

AM12R7R Run Pl = —————

STEP 10:

Mouse over the
GENCODE V11 track and
when the gene name
pops up, click on it to
open a new window that
explains the track.

12
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The annotation remarks from the manual annotation can be viewed with lots

of other information describing the track.

GENCODE Transcript Annotation ENST00000532237.1 (RECQLA4)

GENCODE Transcript Annotation ENST00000532237.1 (RECQLA4)

Gencode id ENSTO00000532237.1 ENSGO00000160957.7
HAVANA manual id OTTHUMTO0000382482.1 OTTHUMGO00000165178.2
Position chr8:145736671-145743229 chr8:145736671-145743229
Strand -

Biotvpe processed_transcript processed_transcript
Status KNOWN KNOWN

Annotation Level manual (2)

Annotation Method manual manual & automatic
Transcription Support Level tsll

HUGO gene RECQL4

CCDS

Segquences

Predicted mRNA

Annotation Remarks

suspected genomic sequence error affecting CDS in exon 14

The screen shot has been truncated to save space.

13
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Worked Example 2:

Viewing GRC patches. Look at the ABO gene. STEP 1:

Search for the ABO gene
in human Vega. There
are 2 hits for the same
gene symbol, but they

2 Genes match your query ('ABO') in Human have different Iocations

ABO [ Havana: OTTHUMG00000020872 ] as one of them iS on a

Description ABO blood group (transferase A, alpha 1-3-N-acetylgalactosaminyitransferase; transfq pssed transcript
p ot group ({ p tylg Y GRC patch. p

Location 9:136131053-136150617:-1

Source v47

ABO [ Havana: OTTHUMG00000174691 ]

Description ABO blood group (transferase A, alpha 1-3-N-acetylgalactosaminyitransferase; transferase B, alpha 1-3-galactosyltransferase) [Type: protein coding Havana]
Location HG79 PATCH:136131200-136150736:-1
Source v47

View the reference genome hit for ABO and look at the biotype of the gene.

VegaQ& BLAST/BLAT | Help & Documentation -

Gone:baned cispiays Gene: ABO OTTHUMG00000020872
Gene summary
Splice v_ariants_ (1) Description ABO blood group (transferase A, alpha 1-3-N-acetylgalactosaminyitransferase; transferase B, alpha 1-3-galactosyltransferase]
g:zx:::neg ovidence Location Chromosome 9: 136.131,053-136.150.617 reverse strand.
External references Transcripts [ This gene has 1 transcript
- Comparative Genomics
Genomic alignments
F Grmoogues
Alt. alleles
= External Data Name Transcript ID Length (bp) Protein ID Length (aa) Biotype CCDS
| L Personal annotation [ ABO-001 | OTTHUMT00000054907 | 1076 | No protein product | - |Processed transcript| - |
= Other genome browsers
- Ensembl

4~ Configure this page Gene summary help

= Manage your data Curated Locus ABO (HGNC Symbol)
= Synonyms A3GALNT, A3GALT1 [To view all genes linked to the name click here] STEP 2:
Export data Gene type Known processed transcript [Definition Th e g ene summa ry SayS

Author This gene was annotated by Havana <vega@sanger.ac.uk>

Version & date Version 3, last modified on 14/09/2011 (Created on 11/12/2003) that this is a non-coding

Other assemblies This gene maps to to 136,131,053-136,150.617 in GRCh37 (Ensemb . H
Jump to this stable ID in Ensembl tfanSCflpt- C“Ck on the

Curation Method See this description of the manual annotation process transcri pt ID to being up
Alternative genes Ensembl gene: ENSG00000175164 [view all locations] the rem arks f|e|d .

136.15 Mb
84513 >

136.12 Mb 136.13 Mb 136.13 Mb 136.14 Mb 136.
AL732364.9.1.87903 > AL158826.23

i

I
=
o

The gene is a non-coding transcript.

14
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Transcript: ABO-001 OTTHUMT00000054807

Description ABO blood group (transferase A, alpha 1-3-N-acetylgalactosaminyitransferase; transferase B, alpha 1-3-galactosyltransferase)
Location Chromosome 9: 136.131,053-136,150.617 reverse strand.
Gene [ This transcript is a product of gene OTTHUMG00000020872 - This gene has 1 transcript

Shourice coumns

Name Transcript ID Length (bp) Protein ID Length (aa) Biotype CCDS
[ABO-001 [OTTHUMT00000054907 [ 1076 [ No protein product | - [Processed transcript| - |

Transcript summary help

e R —— e
strand _ 19.57 Kb _ i
Export Image
Statistics Exons: 7 Transcript length: 1,076 bps
Class processed transcript [Definition’
Author This transcript was annotated by Havana

Version & date
Alternative symbols
Remarks

Other assemblies
Alternative transcripts

Curation Method

Version 3, last modified on 14/09/2011 (Created on 11/12/2003)
RP11-430N14.3-001

ABO blood group (transferase A, alpha 1-3-N-acetyl bsaminyitrar trar B, alpha 1-3-galactosyltransferase), ABO-*001 allele
ABO blood group (transferase A, alpha 1-3-N- acetylgalactosamlnyllransferase transferase B, alpha 1-3-galactosyltransferase), ABO-*002 allele
The ABO gene in this indvividual produces a truncated protein without functional glycosyltransferase activity indicative of blood group O

This transcript maps to to 136,131,053-136.150,617 in GRCh37 (Ensembl) coordinates.
Jump to this stable ID in Ensembl

Ensembl transcript having exact match with Havana: ENST00000453660 [view all locations

See this description of the manual annotation process

The gene lies between 2 BAC clones and each half of the gene represents a
different allele. As a result there is no coding gene for this locus.

ABO [ Havana: OTTHUMGO00000174691 ] STEP 3:

Description ABO blood group (transferase A,

Location
Source

The gene is

HG79 PATCH:136131200-1361}

Click onto the gene ID for
the HG_79 PATCH entry.

v47

now protein coding in the patch assembly:

15
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Description
Location
Transcripts [

Show/hide columns

Name

Gene: ABO OTTHUMG00000174691

ABO blood group (transferase A, alpha 1-3-N-acetylgalactosaminyitransferase; transferase B, alpha 1-3-galactosyltransferase)

Chromosome HG79 PATCH: 136,131,200-136.150,736 reverse strand.
This gene has 1 transcript

Transcript ID Protein ID Length (aa) Biotype

Length (bp)

ABO-001

OTTHUMT00000427219

354

1077

OTTHUMP00000253927 Protein coding -

Curated Locus
Synonyms

Gene type
Author

Version & date
Other assemblies

Curation Method

Gene summary help

ABO (HGNC Symbol)

A3GALNT, A3GALT1 [To view all genes linked to the name click here.
Known protein coding [Definition

This gene was annotated by Havana <vega@san :
Version 2, last modified on 17/08/2011 (C| on 11/08/2011)

This gene maps to to 136.131.200-136,150,736 in GRCh37 (Ensembl) coordinates.
Jump to this stable ID in Ensembl

See this description of the manual annotation process

Alternative genes Ensembl gene:  ENSG00000256062 [view all locations]
; 39.54 Kb
136.12 Mb 136.13 Mb 136.13 Mb 136.14 Mb 136.15 Mb 136.15 Mb
gqn't.gs' AL772161.10.1.149482 >
Havana gene. bt =

Havana protein coding

Patch assembly in Ensembl:
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BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mirrors

Location: HG79_PATCH:136,131,200-136,150,736

Location-based displays Chromosome HG79_PATCH: 136,131,200-136,150,736
Whole genome

Chromosome summary Assembly excepti... I

32&‘.’,’.?.2. chromosome HG7.. [ ToEl T WM — W »<__a = T )| ]

= Comparative Gonomics Assembly excepti '
Alignments (image) (60)
Alignments (text) (60) Export image I
Muli-spocies view (55)
Synteny Haxs 3
= Genetc Variation Region in detail help
Resequencing (20)

Linkage Data ——— —— ol ———— o=
Markers 13570 Mb 135.80 Mb 135,90 Mb 136.00 Mb. 136 30 Mb 136 20 Mb 136 30 Mb 136.40 Mb 136.50 Mb 136 60
= Other genome browsers [y Assembly excepti.... |

ucsc | | Chromosome bands

NGB! | contias 3

Vega Ensembltiavens .. " ) 1 .' _J—J. . :
_00“0 S page [ ‘< 4N1L] MeNL2) >
— == ‘RP11-326124 11 > ‘< SURFEL Y

‘< RP11-295G245.1 < 08PjB 1 ‘RP11-M4N20T7 2 >
“RP11-295G24.4.1 » <ABO1 ‘<MED221  ‘Coof7 1> *< LLOSNCO1-254011
‘RPL141SH23 41 » ‘RPLIAL > ‘< RP13-100824 .2 ‘< DBM-ASY
‘< w11 262041 ‘samrll  ‘cacmel
“CEw > ‘SURF21 >
Canras
'C90rf96.1 >
‘< REXD4.1

[ 1 ncaNA B - 426 O R [

[ 1 Assembly patch n..

STEP 5: ussembly excepti, PATCH_FIX %nsuwz-n‘xnsz (e
13570 Mb 133 80 Mb 133 90 Mb 136.00 Mb 136 Mb 136 20 Mb 136 30 M 136 40 Nb 136 50 Mb 136 60

Jum p|ng into UCSC will E\-g::::mmimsvs’m 56,37 (GRCh37) Chromosome HG79 PATCE 13564099 13 640568
not Work as they don,t [ens Legend = merged Ensembl/Havana W pseudogene
- RNA gene

have the patches.

Jocation:  HG79_PATCH:136131200-136150736 Go

Rk E «l[<| |+ ] - >1>

136.132.000 136.134.000 136,136,000 136.138.000 136.140.000 136.142.000 136.144.000 136.146.000 136.148.000 136.1%

Assembly exceptio.
Chromesome bands 34.2

Primany assembly... | . ‘ '
Humaen RefSea/€.. |

Contias
H 3 |
Enmmblfavana .. K—mo““‘l_om“"‘ T 1
protein codin

[ #]

| o

|| veqa H = S — e p—— - i
*aa Havana I ABO-001
|| Mega Havana protein coding
Human RefSeq/E.. i i I 1 1
|| %GC PV A A A L e AN MR L M e A ale oAAn a2 2 AR sy o A AP
[ v Y Y R L AT AR MA LTI AT VALV AT e Wi us g STe AV T v e S N
e Assembly excepti.. paTcH FiX: 9:136049442-136369192 (fwd)
136,132,000 136134000 136136000 136138000 136140000 136142000 136144000 136146000 136148000 1361%
=t Faverse strand 19.54 Kb 4
Gene Legend I protein coding
W Vega Havana protein coding
There are currently 416 trackstumed off
Ensembl Homo sapiensverson 66.37 (GRCh37) Chromosome HG79_PATCH: 136,131,200 - 136,150,736
Export Image

Warning/Error(s):
« Sorry, couldn't locate ChrHG79_PATCH:136131200-136150736 in genome database

{ OK )
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Location:  HG79_PATCH:136131200-136150736 Go

< <[+ [ = [>1>
Gene: Go

—1954Kb ——————————————Fan. ward strand -
136.132.000 136.134.000 136.136.000 136.138.000 136,140.000 136.142.000  136.144.000 1”.1‘5.0006136.149.000 136,15

32 236248000 13613

g2 | ———]

Chramesems. kanda 9:136049442-136369192 e
Primary assembly,.. ! \

Human RefSea/E.. | |
Contias

EnsemblMHavana . [ ABO.1-001

I3 Assembly excepti..,. 9:136049442-136369192

v B 'im(eln (odlna b STEP 6: :
Rl < ABO-001

|| Mega Havana protein ceding Mouse Carefu”y over the |
Human RefSeqlE... i [ | =) . . I

! S e v | ASSEMDIY exception track (in f oo

T green) to bring up the linkto |

the reference assembly.
Click on this to take you
through to this gene in the
reference assembly.

We are now back in reference human genome assembly.

Chromosome 9: 136,049,442-136,369,192

Assembly excepti... . o ' fl ’
chromosome 9 CCrr TS Wl — Wy« o7 T o g3L1 T ]
Assembly excepti HSCHRY_1_CT 01 HSCHRY_L_CTGIS  HSCHRY_3_CTO3S Ha7e.
HSCHRS_2_CTG3S HG
HGJ

Export Image
Region in detail he[p

=100 ——————— ) Frward siyand e

—-
135.80 Mb 135.90 Mb 136.00 UMb 136.10 Mb 136.20 Mb 136.30 Mb 136.40 Mb 136.50 Mb 136.60 Mb 13,

Iy Assembly excepti..,

Chromesome bands 34.13 qQ34.2

Contias a S o LS
H e T e B BoR ) WL ON e e ] m—m SE— — S—

EnssmblMavana... - i ' - Ll - ' ' |

g ,zbgyn,'l(
'RP11-295G24.4.1 > 1 1 “< LLOYNCO1-254D11.1,1
‘RP11415H23 4.1 > 'RAL1-326024.71 > f ‘< RA13-10082.4.1 ‘< DBH-AS]
‘< RP11-326L20.4.1 f
“CELP >
“LEN1P2 >
'RP11-244N20.7.1 >

|| ncRNA : ! J B

!
‘us > ‘RNU7-21P > “snoll3 > “Y RNA >

Assembly exceptl.., TCH FIX REF, HG 79_PATCH 136049442.1 3637968 (fwd) |
i 135,80 Mb 13590 Mb 136.00 b 136,10 Mb 136,20 Mb 136 30 Mb 126,40 Mb 136,50 Mb 136,60 Mb 13

Scrolling down the page reveals that the genomic error in this region has been
resolved, but the gene is still a transcript in reference.

LAt > UM 98T Eus =
processed transcript protein coding
] m
RPL7A-008 > ADAMTS13-006 >

im:esed transcﬁt protein coding
ion NCBI

GRC reqion NCBI_... HG Resolved)

| !!(u-.l |!"ﬂ vv'!!l

Contias AL732364.9 » AL138826 23 AL593848,14 >
u [T — ] [ [T
Ensemblfavana... : 26-001 < ABO-001 LIRF < SURF4-003 =
t i processed transcript t ) processed transcript |
u L] U N [
< SURF6-002 < REX04-002 < SLC2A6-003 |
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Overview of the GENCODE reference gene set

You may view the alignment between the reference and PATCH assemblies
for this region with multi-species view.

3 < ABO-201

inscript  processed transcript  Centre here

Jump to region (54480 bp)

-~
< SURF4-003

| processed transcript

STEP 6:

Zoom into the ABO gene by
drawing a box around the
gene with your mouse and
click on “Jump to region”.

L

Human (GRCh37) ¥ Local

Location-based displays

L Whole genome
Chromosome summary
Region overview
Region in detail
= Comparative Genomics
I Alignments {image) (60)
I~ Alignments (taxt) (80)
I~ Multi-species view (61)
L Synteny (15)
Genetic Variation
I~ Resaquencing (20)
- Linkage Data
- Markers
= Other genome browsers
|- uCsc
L NCBI

|
|
|

T

oy Wi

< MED22-001 < REX

nmtein codinn nenteir
STEP 7:

Select multi-species view.
Then click on “Select
species” and click on Human
HG79 PATCH and it will
move from the “Unselected
species” column to the
“Selected species” column.
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Zoom

selected species Unselected species O Ut a
Human (Homo sapiens) HG79 PATCH - lastz patch @ Alpaca (Vicugna pacos) - blastz (%) f eW
Anole Lizard (Anolis carolinensis) - translated blat Q@ CI| Ck S
Armadillo (Dasypus novemcinctus) - blastz Q .
with
Bushbaby (Otolemur garnettii) - lastz (%]
Cat (Felis catus) - blastz [+) the
slider
and view both genomic regions.
Export Image |
Location:  9:136102904-136202903 Go
<<+ il = [>]>
Gene: Go

————p—
Hsap Chr. 9. 136.11 Mb 13612 Mb 136.13 Mb 13614 Mb 136.1% Mb 13616 Mb 136.17 Mb 136 18 Mb 136.19 Mb 136

Assembly excepti...
ncRNA.

H
EnsemblHavana ... LCN1P2/>

seudogene

-

nd

.. PATCH FIX REF: HG79 PATCH 1360494421 36379605 (fwd | |
36.11 Mb 3612 Mb 13613Mb  13614Mb  13615Mb  13616Mb 13617 *b 13618Mb  13619Mb 136.2
= Reverse strand 100.00 Kb + 1
& < TE D> D /
Gene Legend B RNA gene
i merged Ensembl/Havana B pseudogene
~—Paralogue
100.00 Kb — Fernard strand me—
Hsap HG79_PATCH. | 13611Mb__ 13612Mb__ 13613Mb __ 13614Mb__ 13615Mb 13616 Mb 3 i L20Mb__|
|[Assembly excepti.... i
H.sap-H sap lastz-
Assembly patch n...
H f
EnsemblMHavana .. LCNIL21 > {
pseudogene |
H+H— L
< ABO1 <9y
protein coding protd

\Assembly exceptl...

PATCH FIX: 9:136049442-136369152 (fwed)

Hsap HG79_PATCH. | 13611 Mb 13612 Mb 13613 Mb 13614 Mb 13615 Mb 13616 Mb 136,17 Mb 136.18 Mb 13619 Mb 136.20 Mb
emRaverse strand 100.00 Kb

K< MEE > »

Gene Leaend W RNA gene
— o W pseudogene
~——Paralogue

The top part of the display is the reference assembly, showing the gene
crossing the boundary between two BACs, and the bottom part is the PATCH
alternative assembly.
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Tasks

1.
Search for the FGCR2 gene in Vega.
How many alternative variants are there and what are their biotypes?

2.

Search for the HERC2 gene in Vega.

How many entries do you get from the search and why?

Take a look at the reference assembly gene. How many alternative variants
are there and what biotypes are they?

Which strand is this gene located on?

3.

Zoom out a little to view the region upstream of this gene in the two
neighbouring clones. Change your view to incorporate these two clones.
What is the name of these two BAC clones and what genes do they contain?
Is there an alternative assembly for this region and if so, what are the HG
reference numbers?
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Answers:

1.

The FCGR2C gene has 10 variants in Vega. None of them are protein coding
as there is a SNP/DIP in this region of the reference genome that stops the
gene from coding and is a known polymorphism and so makes it a
polymorphic pseudogene.

Other individuals will have a coding gene, but this cannot be currently
represented in the reference genome.

2.

Vega 47 brings up 12 entries. This is a simple text search that looks for the
these are also brought up by the search.

There are 2 protein coding gene entries, one on the reference genome and
one in a GRC patch region.

In the reference assembly there are 12 alternative variants, 2 of which are
protein coding, one is NMD (has a CDS as potentially coding), one transcript
and 8 retained introns.

The gene is located on the reverse strand as it is shown below the blue line
that represents the BAC genome sequence.

3.

Upstream of this gene are two neighbouring clones AC1091304 and
AC138749. There are several pseudogenes here, both processed and
unprocessed, plus the GOLGA8F and GOLGAS8G genes. This region also has
a GRC patch. The HG reference numbers can be viewed in Ensembl, and
include HG-753, HG1171, HG923, HG1083 and HG-1022. Details about
these regions can be found by clicking on the track.

22



Working with ENCODE data Overview of the GENCODE reference gene set

14



