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Ensembl gene set
Pseudogenes

Ensembl EST genes

Ab initio predictions

Manual curation (Vega, CCDS)
Gene models from other groups
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® Overview

OMACcontigs)

manual curation

A

i |
41095015, 1-001 JAG1-001
Vega trans.

K
JAG1-002

Enzemhl trans. Q.9H4Jg JAGL \ Ensembl tranSCrIpt

B Human proteins K '.\ predictions

[ Human cOMAs
@ EST= 1 N 1 \H 1 EE NN 11 HElI n I.‘\

Twinscan V\ eVidence

10,535 Hb 10.543 Hb 10.551 Hb 10.559 Hb 10,567 Hb 10.575 HE 10.5583 Hb 10.531 Hb 10.59% Hb

other groups’ models

, Ensembl & The Wellcome Trust =
e. H uman geneview > Sanger Institute
Home ™ Human & WhatsMew & BLAST & SSAHA A EnsMat & ExportDsts & Download & Disease Browser & Doss &

Find | Gene - [e.g. ENSG00000139618, BRCAZ]

Ensembl Gene Report

Gene JAGT (HuGa Dy

Ensembl Gene D pyscnnpantoraas

i i View gene in g ic | ion: 10566334 - 10802636 bp (10.6 Mb) on chromosome 20
Genomic Location This yene is located in sequence: ALO35456 26.1.125952

Description JAGGED 1 PRECURSOR (JAGGEDT) (HJ1). [Source: SwISSPROT (Praspa)

Genes were annatated by the Ensembl automatic analysis pipeline using either a Genevvise maodel

4 ram a humanvertebrate protein, a set of aligned human cDNAs followed by GenomeWise for ORF
Prediction Method prediction or from Genscan exons supported by protein, cDNA and EST evidence. GeneWise models
are further combined with available aligned cDMAs to annotate UTRs

10 JAGT - [Wiew transeript info] [Wiew exon info] [Yiew protein infa]
(EMETO000D254958)
: PP
Predicted Bem

Transcripts

L]
JRGL-102
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Gene Sequencing

... inzert...

L WRCTOT 3eqUenCe ...

aunbclone fragments into standard wector with primer sites,
sequence foom both ends.

k- —— e - P E—
- - -
- L e = - e " e —

(computer-aided sequence assermnbly is vsed o deduce complete sequence of the orginal cDEAY



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

elEmsambl Trace Server

e.q. mi B-a1798c05 o1 c, GTMIP1DO3E"

Trace Server Ensembl Trace Server
= Home page The Ensembl trace repository provides a permanent archive for single-pass DMA sequencing reads and associated traces and guality values. These data come from whole-genome shotgun
= View trace statistics projects, EST projects, and other large-scale sequencing projects. Data iz regularly exchanged with the NCBl frace archive.
= Search trace sequences Current services include the ability to examine individual reads by name, to gearch the whole archive or subsets ofthe archive with another DMA sequence using SSAHA (a fast sequence
= Download traces (FTP) search) and to download sets of read sequences in fasta format and associated guality values by FTP.

Requests for large data sets of complete trace infarmation to be sent by tape should be made to trace-request@ensembl.org

Links Trace Totals

= Ensembl

The trace repository currently contains 1,077.149,386 fraces from 745 species. [irace statistics]
= NCBltrace archive

Electropherogram
View Options Help
Goto hase|1 oo OK | Search Hext | Previous 51025108

. — = ! : =
F &4 & T TCC G- TCC TaA &2 4G 6 C 4T TC TTCECTCT CTCC TC ccco T & & TTC
a1} a0 100 110 120
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® Annotation 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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Human Proteins Other Proteins Human cDNAs Human ESTs
>
GeneWise Aligned Aligned
genes cDNAs ESTs

GeneWise genes

> with UTRS < ClusterMerge ClusterMerge
Supporte_d ab initio Genebuilder
(optional)
A 4
Preliminary cDNA genes
gene set
Gene
Combine
A 4

Final set Pseudogenes Core Ensembl Ensembl
+ pseudogenes 9 genes EST genes
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Gene Bullds Are Protein-based

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 Build

Align species-specific proteins

Align similar proteins from closely related
species

Use mMRNA 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

9 of 49
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The trouble with BLAST

Real gene

|deal BLAST 1

Reality

AG GT AG GT

H H

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

10 of 49
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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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Exonerate
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Model: proteinZgencme

Faw =core:

257

aligned positions 0-3267 of gquery
&ligned pozivions 229200ZF--224942955 of vargar

Quary: EBMADZ HUMAN Q15796 Mothers against decapantaplegic hemeleg 2 (HMAD-Z)
Target: chromo=mome:WCEIZS: 15:1: 7T6117152:1 chromosome 15

1

42ETTLES

13

43677072

oy

43677019

55

4IEVEIES

MetZerBarIlslauProPheThrPraProValVally=arglanl seutlyTrp
FEETERETEREE e e re e e et e e re e e el
MatZarSarll eleuProPheThrFroPreValVallysargleul suklyTop

ATGTCHETCCATCTT GOCATT CACGOCHFD D AGTT GT FAAFAFRACT GOT GHFAT B&

LysLysSerdl aflyflySerGlyslyal afl pelyelyGlubl ndenflysln

[RRR RN R R R R RN R RN RN R RN AR RN RN R RN RN
LysLysSeralablytlySezGlyflyal ablyelyGlyrlubl nd=nElyGln

BAFAAGTCAGCT LT GHGT LT GEAGGALD ARG CrAFFAFAGC AFAAT GO AR

FluGluLy=Trply=fluly=2al aWalLy=3erlenifal LysLysLsuly=Ly=
[RRR RN R R R R RN R RN RN R RN AR RN RN R RN RN
FluGluLy=Trply=fluly=2al aWalLy=3erlenifal LysLysLsuly=Ly=

CAAGAALAGT FGT CTFAFARAGC AGT FAALAGT CTHOT FAACAAGCT ARAFARAL

ThzGlyargleudspilulentlulysal all eThrThrGlna=nly=4snThr
[RRR RN R R R R RN R RN RN R RN AR RN RN R RN RN
ThrGlyargleudspilulentluly=3l all eThrThrGlnd=nly=a=nThr
ACAGEACGATT AFAT FAGCTT GAGAAAGT CAT CACT ACT CAAAACT 6T AT ACT

2

AFETEILL :

Ly=CysiWalThrIlePro{Be} >33 Target Intren L 333> {cH

[RER RN R RN N 25956 bp +H{|H
Ly CysWalThr Il ePzof Be} (£
BAATGTGTT ACCAT ACCAL AR ITE . « o vt e eeeaaeaeannnn ag{CH

g0

d2EE0F2Z

ThzCyrFerflull eTzpclylenferTheFroh=nThe I1 e AsprlnTap Aoy
[RRR RN R R R R RN R RN RN R RN AR RN RN R RN RN
ThrCysSerblull eTrpGlylenSerThrFrossnThr I1eA=pGlnTrpisp
ACTTGCTCTGARATTTGGEEACT ZAGT ACACCAAAT ACGAT AGATCAGT AT

FE

22650550

110

A2E50540

ThrThrzlyLeuTyrFerPhafarFlurlnTho{iz} > Target Ing
(RN N R R R RN R R R R R by 1038 by
ThrThrFlyLeuTyrFerPhefecFlurlnTho{Ac}

ACAARCAGFCCTTTACARCTTCTCT PAACAAACC AR} gQE. - - ... oo ..o

ren £ 333> {g}SerLaule=pGlydrglanflnUal FerHizArgly=Gl
bl g R R R R R R RN RN R RN R RN RN

{gtFerlenbsprlyargleurlnal FarHizArgly=F1
.......... ﬁ{G}TCTCTTGEGGTCGTCTCCAGGT&TCCC&TCGAAAAGG

1z

43643767

141 :

43649712

153

42643659

LeuProHizUal Il eTyrly=argleulrpirgTrpFrobspLeulizSerHis
[RRR RN R R R R RN R RN RN R RN AR RN RN R RN RN
LeuProHi=Ual Il sTyrCy=argleuTrpirgTrpProbspLeudizSerHis
TTGHCCACAT GTTAT AT ATT 500 GATT AT G50 GOT FGC CT FAT CTT CACAGT C AT

HizGluLeuly=alalleflud=nCy=GluTyrAl aPhed=rleuly=Ly=Aep
[RRR RN R R R R RN R RN RN R RN AR RN RN R RN RN
HizGluLeuly=al alleGlud=nCy=Glulyr Al aPhe d=rleuly=Ly=Aep
CAT GAACT CAAGEC AATT GAAAACT G GAAT AT GCTTTT AAT CTT AdAAAGEAT

Flulal CysUal AsnProTyrHisTyrflndrgial GluTheProiU} 33> :

[RER R R R RN R RN RN R R RN AR R RN
Flulfal Cy=Tal A=nFroTyrHi=TyrFlndrgifal FluTheFra{l}
FAAGT ATET T AAACCCTT ACCACT AT CAFAGAGTT FAFACACCA{ G gt . ..

175

AIEIIE0F

Target Intron 2 ¥¥%> {al}lLeuProPrefalLeuValProirgHis
755 bp FEOLIRLELEREErr e rrerrren

{al }LeuFroFrofalLeualProbzghHis

..................... ag{TT}TTFCCTCCAGT ATT AT FCCCCFAC AL

1z

A2ETT0TE

26

42ETT020

5

42ETEFEE

k-4

42ETEILE

79

A2EE0ITT

a7

AREE05EL

103

pE50631

1zz

42EAITES

140

42549714

155

42549660

174

42E29E03

1a2

A2EREE00

wiellcome trust
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12 of 49



--i}’\-’\l/\i-l/\l
-
BN D

| i | i

. ,J wielloome trust
._ E.Mn:E!BIEIEo.rmchs Institute Sanger

imstiute

Adding UTRs

protein - GeneWise (phases, no UTRS)
CcDNA - exonerate (UTRs, no phases)

Combined prediction

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

GeneWise prediction

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

GeneWise prediction

13 of 49
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Gene Bullder

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

14 of 49



Human
Proteins

l

Genebuild Sum i

#3: EMBL-EBI

Other Proteins

l

GeneWise
genes

Human cDNASs

Aligned

A

A 4

CCDS

GeneWise and CCDS

genes with UTRs

Supported
genscans
(optional)

Final set
+ pseudogenes

i

Pseudogenes

|

Genebuilder

Preliminary
gene set

Gene
Combiner

cDNAs

ClusterMerge

A 4

cDNA genes

Core EnseMBL

genes

yuropean Bioinformatics Institute

welloome trust

sanger

MG e
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Evidence Tracks In
ContigView

Length

CESTs

= Human cONA=

[E EMBL mRMA=

Unigene
Human proteins
Proteins

Enzembl transz.

OMACcontigs)

#0062 000 #0625 000 4027000 i BZE 000

i 10,00 Kb

1 . . (00 | I | I
| I I Wh (B ___| NN NENENEN] I IS E
I = Ea m . O T .
B N W EETl . | I
(- [___H 1 (n 1IN NENENEN I N NN

(Il Im E
[ _INN BENENEN IS NS N
NN NENENEN] I IS N
[ |NEN SN I N S
[ | NN I I
I W EEa [ | | | I
(]| | I | | | | I I
N I EET e ] .
| | | I I
H__ W EEI TN ] |
N I EET TN ] |
| | | I I
(I [ | | I |
[ | [ | | B B
I [ Il EEIIEN 1 [ I I |
T | T TR
HH_17 0 0
[l -l EETrrye 1 _ e
NEF_HUHAN TCFL4
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Functional RNAs
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Families share conserved secondary structure

Low sequence identity

Ribosome
Spliceosome
tRNAs
MiRNA
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RFAN

Hand made alignments
Use Infernal to make Covariance Models

Scan models over subset of EMBL to build family
alignments

tRNAL
tRNAZ
tRENAZ
tRENA4
EENAS
#=GC SS_cons

CENAL
tENAZ
ERNAZ
tRENA4
CLENAS
#=GC 55_cons

GCGGAUUUAGCUCAGUUGGE . AGRGCGCCAGACUGAAGAUCUGGAGGUCC
UCCGAUAUAGUGDTAAC . GGCUAUCACAUCACGCUUUCACCGUGGAGA . CC
DCCGUGAUAGUIUART . GGUCAGRANGGGCGCUUGUCGCGUGCCAGA . UC
GCUCGUAUGGCGCAGU . GGU .. AGCEGCAGCAGAUUGCAAAUCTGUDGEUCC
GGGCACAUGGCECAGUUGGU . AGCGCGCUUCCCUUGCAAGGARGAGGUCA

LSS Eas, SR, .. .e e PR, SESST . ...

UGUGUUCGAUCCACAGARUUCGCA
GGGGUUCGACUCCCCCUAUCGGAG
GEGGUUCARTUCCCCEUCGCGEAG
UDAGUUCGAUCCUGAGUGCGAGCT
UCGGUUCGATUCCGGUUGCGUCCA
CEE . ... FREEERBIFIE,

: EMBL-EBI

,J wiellcome trust
g European Bioinformatics Institute H; Sanger

imstiute

s

[ 1 L1
=
3

cc}@mnn
ErECC M0

IZ'JS
=

& U GACACETA
=4
y  gues,  FUSUSyC
GG LGAGC u
GJIJ G_GAG
%0
wS-Co N e
¢ A
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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).......

682,676 - 54,687,374

Hs. Chr. 19 | —er I3ER FIRE pR.IL Piz el iz ETER TN TR T e TR
M. Che. 7 A2 T T W7 5:1 B ; ETVSSOZE £ I 73 3 ) -

Features w Comparativew Repeats ¥ Decorations ¥ Export¥ Image size w Helpw
Jump to region [19 [cag82676  [G4667374 Refrash
B Fl = + oo || unesiz | mas vz
|

Hs. Chr. 19 54,683,000 54,683,500 54,684,000 54,684,500 54,685,000 54,685,500 54,686,000 54656 500 54,687,000

Length |- Forward strand 470 Kb
Se! noRA = =] R

Wwmets C | WLmwmmend s L0001
o

= noRiA ERETON0SEB5 )

Cl Cl
ENSTO00003475 11— ENSTWOON03{7521 —

D Ensenbl trans. T,

5] Vega trans. RFL1GA-001 >
Hm cons
Length .79 1 [ —
54,653,000 54,853,500 54654000 541654 500 sms\.m 54,655,500 54,688,000 54636 500 54,657,000
Hm. Chr. 7 59,206,000 59205500 59,205,000 58204 /500 s-z,zné\.nnn 59,203,5m 59,203,000 59,202,500 59,202,000
Length - Reverse strand 7o
Hs cons
=
-
|51 neRNA jm] (| jmm}
7 5 7
D Ensentl trans. ¥l
Lensth 79 ke Forunrd strand 4
i 00 | BS205 AN NS00 | D520 5201000 | D2l 205,000 | 092025 o9zuin

EEOEE S8
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NCRNA Pseudogenes
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European Bioinformatics Institute

1 EMBLEI

Pseudogenes

Eliminate retro-transposed (processed) pseudogenes

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

<- AKR1E1
Enserbl knows trans

—
—1

T— 2 2Toaaaan e . E—-——— . wm W

ENCTODONOZ2TE2D -
Enserbl nouvzl trans

HsG2ad2-001 -»
Unprocessed preudogens

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

Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:

Sbjct:

3

2

63

56

123

116

183

156

243

209

SRLLLNNGAKMP ILGLGTWKSPPGQVTEAVKVAIDVGYRHIDCAHVYQNENEVGVAIQEK 62
S ++LNNG K +LGLGTWKSPPGQV EAVKVAI+ YRHIDC+HV+QN++ QE+
SHIMLNNGTKTDMLGLGTWKSPPGQVAEAVKVAINTVYRHIDCSHVHQNKD------ QEQ 55

LREQVVKREELF IVSKLWCTYHEKGLVKGACQKTLSDLKLDYLDLYL IHWPTGFKPGKEF 122
L+EQVV+RE LFI+SK W H K LV+G+C+K LS L+LDYLDL+LIHWPTG PGKEF
LKEQVVRREWLF I I SKPWG I CHRKCLVRGSCRKVLSGLELDYLDLHL IHWPTGCHPGKEF 115

FPLDESGNVVPSDTNILDTWAAMEELVDEGLVKAIGISNFNHLQVEMILNKPGLKYKPAV 182
LDESG + +GLVKA GISNF HLQ E LNK GLK
SFLDESGLl —===—— e QGLVKAAG I SNF-HLQAERTLNKSGLKLSATG 155

NQIECHPYLTQEKL IQYCQSKGIVVTAYSPLGSPDRPWAKPEDPSLLEDPRIKATAAKHN 242
LTQE LIQY QSK  VTAYSPLGSPDRP AKPEDPSLLEDPRIK 1AAKHN
RS-———--- LTQENLIQYYQSKA-AVTAYSPLGSPDRPRAKPEDPSLLEDPRIKVIAAKHN 208

KTTAQVL IRFPMQRNLVV IPKSVTPER IAENFKVFDFELSSQDMTTLLSYNRN 295
+ T+QVL+ QRNLVV P SVT +RIAENFKVFDFELSSQDMT+LLS NRN
E-TSQVLMWLLTQRNLVVTPTSVTLDRIAENFKVFDFELSSQDMTSLLSCNRN 260

v'"Mostly dead-on-arrival

vIntronless, poly-A tail, short direct repeats




gnmecen  [Ysanger
Spliced 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

I
<— HIZTiHID-00d <— HIZTiH2AD-001
Exnown ere | Kpoun aehe

<~ HIZTiHIA
Ensembl Kuown trans

mouk brans

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 2o ot 49
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Families share conserved secondary structure

Low sequence identity

Ribosome
Spliceosome
tRNAs
MiRNA
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Hand made alignments
Use Infernal to make Covariance Models

Scan models over subset of EMBL to build family
alignments

tRNAL
tRNAZ
tRENAZ
tRENA4
EENAS
#=GC SS_cons

CENAL
tENAZ
ERNAZ
tRENA4
CLENAS
#=GC 55_cons

GCGGAUUUAGCUCAGUUGGE . AGRGCGCCAGACUGAAGAUCUGGAGGUCC
UCCGAUAUAGUGDTAAC . GGCUAUCACAUCACGCUUUCACCGUGGAGA . CC
DCCGUGAUAGUIUART . GGUCAGRANGGGCGCUUGUCGCGUGCCAGA . UC
GCUCGUAUGGCGCAGU . GGU .. AGCEGCAGCAGAUUGCAAAUCTGUDGEUCC
GGGCACAUGGCECAGUUGGU . AGCGCGCUUCCCUUGCAAGGARGAGGUCA

LSS Eas, SR, .. .e e PR, SESST . ...

UGUGUUCGAUCCACAGARUUCGCA
GGGGUUCGACUCCCCCUAUCGGAG
GEGGUUCARTUCCCCEUCGCGEAG
UDAGUUCGAUCCUGAGUGCGAGCT
UCGGUUCGATUCCGGUUGCGUCCA
CEE . ... FREEERBIFIE,

: EMBL-EBI

,J wiellcome trust
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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).......

682,676 - 54,687,374

Hs. Chr. 19 | —er I3ER FIRE pR.IL Piz el iz ETER TN TR T e TR
M. Che. 7 A2 T T W7 5:1 B ; ETVSSOZE £ I 73 3 ) -

Features w Comparativew Repeats ¥ Decorations ¥ Export¥ Image size w Helpw
Jump to region [19 [cag82676  [G4667374 Refrash
B Fl = + oo || unesiz | mas vz
|

Hs. Chr. 19 54,683,000 54,683,500 54,684,000 54,684,500 54,685,000 54,685,500 54,686,000 54656 500 54,687,000

Length |- Forward strand 470 Kb
Se! noRA = =] R

Wwmets C | WLmwmmend s L0001
o

= noRiA ERETON0SEB5 )

Cl Cl
ENSTO00003475 11— ENSTWOON03{7521 —

D Ensenbl trans. T,

5] Vega trans. RFL1GA-001 >
Hm cons
Length .79 1 [ —
54,653,000 54,853,500 54654000 541654 500 sms\.m 54,655,500 54,688,000 54636 500 54,657,000
Hm. Chr. 7 59,206,000 59205500 59,205,000 58204 /500 s-z,zné\.nnn 59,203,5m 59,203,000 59,202,500 59,202,000
Length - Reverse strand 7o
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Structures

Structures identified by Infernal / RNAfold are stored as
transcript attributes

IIIIIIIIIIIIIIIi<<-<<<<<-<<< SSSSSS>>-->>
1 AuCUUUGCGCAGGGGCaaUaucguAgccAGUGAGGCUuuaCCGAggcgcgauUAuuGCUA 60
A+CUUUGCGCAG GGCA:UAU :UAGCCA+UGAGG+UU++CCGAGGCG: AUUA:UGCUA
181 AGCUUUGCGCAGUGGCAGUAUCAUAGCCAAUGAGGUUUAUCCGAGGCGCAAUUAUUGCUA 240

<<<< L >>>> <KL <KL L. _>S>>5>>>
61 gngA AAACUAUU. CCcaAcchCCgcc aagacgacauguua ...... uauugucggc 111
tUU A AAA UA AAZ+G  G:C ::: ::A:::+UUA U tU:

241 AUUAAUAAAUUAAAUAAUAAAAGGG-GACUCUU- UUAGUGCUUAuaaaggUUUACUAACC 298

S>o>>> L, <<<< >>>>

112 uuuggcAAUUUUUGGAAGcccuccAaaggg 141
1o G:CAA WU +AAG ::C+AA::

299 ACAGACAACUU---AAAGGUAACAAACCUA 325

Displayable on website as markup on transcript sequence

Transcript sequence AGCTTTGCECAGTGACAGTATCATAGCCAATGAGSTTTAT COGAGGCGCARTTATTGCTA
P PP LR A A PR (0l eenn. E e eee e el i eeneaaddaiamy

rTTEETEEETTEEETEETEEEEGGGGrETETTTTrGTGETTrTrﬂrGGTTTrETrrEErE
P P R S A A A R R T N R T I

.r-'G.r' E.r-.r- ETT.--.--.--GGTP.ECP..F-.EEET:'
LI

Show the following features: I Exons, RNA information j

Number residues: I Mo j
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Human 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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Human Proteins Other Proteins Human cDNAs Human ESTs
<>
Genewise Aligned Aligned
genes cDNAs ESTs

Genewise genes

> with UTRS < ClusterMerge ClusterMerge
Supporte_d ab initio Genebuilder
(optional)
A 4
Preliminary cDNA genes
gene set
Gene
Combine
A 4

Final set Core Ensembl Ensembl
Pseudogenes
+ pseudogenes genes EST genes




EST Analysis

eigg.z 3 . weelloome trust
gﬁj EEurMm:E!BiEiEOIrmatics Institute }‘: gﬁ'auujnger

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)

& g g
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Alternative Splicing Forms

& =
N ESTs
—— R
.

Merge ESTs according to consecutive exon
overlap and set splice ends

1 Assign translation

Alternative transcripts with translation and UTRs
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' EST Genes and ESTs

Features ¥ Comparativew DAS Sources ¥ Repeats ¥ Decorations ¥ Export ¥ Image size w Help ¥

Jurmptoregion[16 - [49262794 -|48332793 Band:
R B T B o ol — e (e T

il
Chr. 15 43,29 Hb

Length b Forward strand

49,30 Hb 48.31 Hb 49,32 Hb 48,35 Hb
50,00 Kb o=

Sl Human EST (ex.»

Ensembl transcript
eee——

IEST trans. | S R e | i
<= Enssswunnunlnsisn? I 1 1 [ 1] EST tranSC” ptS

-
1 | I 1 | |

DHACContigs)

Bl Ensembl trans. - CYPL9AL
Enserbl hnouwn trans

1 ——— T
ElHuman EST cex.) I S —
| [ | | | |
—1 T I 1

I 1 | I N E— |

Length - £0.00 Kb Reverse strand I Iu man I f ; I S
49.29 Hb 49,30 Hb 43,31 Hp 49.32 Hb 43,35 Hb
Tilepath
m—ECT GENES

Gene legend mm— ENCEMEL PREDICTED GENES (KNOMN) mm— ENCEMEL PREDICTED GENES (NOUEL) m— ENCEWEL PSEUDOGENES

There are currently 95 tracks switched offs use the menus aboue the immge to turn these on.

Enserbl Homo_sapiens 15:49282794-49332793  Tue Aug 23 12:55:34 2005

Latest Human Build
NCBI 35 assembly EST Genes: 28,636

released July 2004 EST Transcripts: 56,351
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ADb Initio Predictions

Jump o region: |18 bp[e3591415  tofa3741413 m

1 Zoom —
<-4 2 Mb - 1Mb o . * | . 1Mb = 2Mb =>
Window Window
Features ¥ Compara ¥ DAS Sourcesw Repeats w7 Decorations ¥ Ex<port ¥ Jump to ¥ Image size ¥ Help ¥
43.60 Hb 43.62 Hb 43.64 Hb 43.66 Hb 43.65 Hb 43.70 Hb 43.72 Hb 43

Length -t 150,00 Kb T
£ EMEL mRMAs [ | I . 1 1
g Unigene [ | I 1

[E Human proteinz

OMACcontigs)

1
§7Z5E4
Enserbl knoun trans

r-r+4+t+— A 0 —
SHADZ

Ensertl khnouwn trans

SIS0 RS bkbb—  —b———
SHAD2

Ensertl khouwn trans

ENETOODNNZE6S2E

mserbl mowel trans

= Genscan GENECAND000025541

G ENSCAN / & Proteins
prediction

[ I T 1T T I | 1
| I . - I | 1
| I - - I I 1
B Unigens T 1T 1 1
[ | I I | 1
L T 11T I | 1
[ L L 1 T I | 1
| I I | 1
| I . I | 1
| N I | 1
L I T 1T T I | 1
[ I T 1T T I | 1
[ T T T 1T I | 1
[ | I I | 1
LT 17T I 11 | | 1
/ LT 1T I TIT | 1
150,00 Kb e
43,60 Hb 43,62 Hb 43,64 Hb 43,66 Hb 43,65 Hb 43.70 Hb 43.72 Hb 45
mmm EWSEHEL FREDICTED GENES (KNOWN? mmm— ENSEMEL FREDICTED GENES CWOVEL! mm EWSEHEL FSEUDOGENES

Therz are currently 67 tracks switched of f- use the merus abowe the image to turn these on.

Enserbl Hore_sapiens 154359 141543741413 Sun Dec 5 13322iT5 2004

-

Evidence supporting
GENSCAN exons
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ADb Initio Predictions

Features ¥ Comparativey DAS Sources ¥ Fepeats ¥ Decorations ¥ Export ¥ Image size ¥

Help ¥

Jump to region |1 [

[43566415 43766414

Zoom
-

Eland:l
1 > Joms > Jme > |

Chr. 18
Length

2] Genscan

DNACcontigs)

[ Ensembl trans.

2] Genscan
Length

Tilepath
Gene legend

#3.55 Mb #3.60 Mb #3.62 Mb

43.64 Mb

#3.66 Mb

43.65 Mb 43,70 Ab #3.72 fb #3.74 Mb 3,76

b Forward strand

Pt "+
GENSCAND 0000 04442 —>
b-initic Genscan trans

|
<~ B7ZEE4_HUHAN

Enzerbl known trans

44— M 4 —]

200,00 Kb L

4= SHADZ
Enserbl khoun trons

Py

HADZ:
Enserbl knoun trans

<- ENSTO0 000356525
Enserbl nouvel trans

At A | 4 4 4 A | 4 -l

<= GENSCANOOO00023541
Ab-initio Gewscan trans

Genscan
transcript
—

-t 200,00 Kb Reverse steand -
43,55 Hb 43,60 b 43,62 Hb 43,64 Hb 43,66 Hb 3,65 Hb 45,70 Hb 43,73 Hb 43,74 Hb 43,76
— ENSEHEL PREDICTED GEWES CKNOHN) == Ensembl Transcript Report
ere are currently 95 tracks switched off, use the merus abor
Transcript ID GENSCANDODDOD23541

Enserbl Homo_sapizns 152435664 15-437664 14 Tuz Aug 23 14:

Transcript information

Genomic Location

Description

Prediction Method

Transcript structure

Transcript neighourhood

Transcript sequence

Exons: 17 Transcript length: 2,432 bps Translation length: 830 residues

This transcript can be found on Contig AC120343.5.1.183055 at location: 2,313-124 093
This start ofthis transcript is located in Contig AC120348.5.1.183055)

Mo description

This transcriptwas predicted by the Ensembl pipeline analysis system, using Chris Burge's Genscan program. Burge, C. and Karlin, 5. (1987) Prediction of
complete gene structures in human genomic DNA. . Mol Biol. 268, 78-94. The splice site models used are described in mare detail in Burge, C. B. (1888)
Modeling dependencies in pre-mRMNA splicing signals. In Salzherg, 5., Searls, D. and Kasif, 5., eds. Computational Methods in Malecular Biology, Elsevier
Science, Amsterdam, 127-163,

| Foruard strand 121,73 Kb

o bp 20.00 Kb 41,00 Kb .00 kb 50.00 Kb Ton.00 KE 120,00 KB
I Foruard strand 14173 Kb
GENZCANND00I3Se]
Ab-initic Gehrzan brans
o op 20.00 Kb 41,00 Kb G0.0m b 80-00 Kb 100,00 Kb 120,00 Kb

CTAACTCCCAALCCACATCCATTCTCACAACCTTCCTCART CACCCCACRACCERARTEA
ARACACTCCTGCTTEGATECATGCECTTTOTCAGRRCTCETAGTECACATEARTCTCCTE
CCGCCTCTCTCCATCTECACTETGTACCCOTCTCTCAGTECTCEGCCCTARGTCTTTCTT
TAATCACACAGTGCCCCTTAGAGCTGCTGAGETTATGGCTTICTTCACGCTCTGATCCAR
CCCTAAGCATAGCCACTGETICCCCTCRACAGACARTCTCECAGCAAGCTACCTECCCAGE
ACAGTGEAGATETGEACACCTGEGT GO TGETAGAGCAGTGrARCECCTERAGARGRACA
CCCTOCAGACARRACTTCACAAACATATCCARAARTCCCATACCAGTCTITTCETCACTE
AGTGECTGARGEECTTITAMRGEATC TCCACARACCAACCCTETATTAGATCACTTTCGTE
AGCCTCAGGCAAGAGCCECETCOTCCECCCTGEECEEECCCTCCOCCTERCATCAGCACE
TETCCGETGICEECCTCACGACGEACEETRGACGAGECGECAGECCCOTACAGGICCCAC
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Manual Curation

Manual annotation of finished clones
Vega Genome Browser

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
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gnmecen  [Ysanger
Manual Curation

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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Manually-curated Vega Genes

Features ¥ Comparativey DAS Sources ¥ Repeats ¥ Decorations ¥ Export ¥ Image size ¥

Helpw

Jump to regionl?

[116713388 [116902866
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--..l
chr. 7 116,72 Hb 116,74 Hb 116,76 Hb 116.75 Hb 116,50 Hb 116,52 Hb 116.54 Hb 116,86 Hb 116.55 Hb 116 C u ratl O n
Length b Forward strand 155.70 Kb -

Bl Ensenkl trans.

E Vega trans.
DNACcontigs)

E Vega trans.

[ Ensenbl trans.

Length

Tilepath
Encode regions

Gene legend

CFTR -
Enserbl khnoun trans

CFTR-001 ->»
Curated pradicted gene

<= ACO00111.2-003
Curated hovel Trans

|
4= ENSTO0000355121
Enserbl houel trans

n00111.1.1. 14

< ee———

=t 185.70 Kb Reverse strand o
116.72 Hb 116.74 Hb 116.76 Hb 116.75 Hb 116.50 Hb 116.52 Hb 116.54 Hb 116.56 Hb 116.55 Hb 116
CTE-133K23
ENmial

mmm CURATED KNOHN GENWES

mmm CURATED NOVEL TRANS

mmm CURATED UNPROCESSED PSEUDOGENES
mmmm CURATED IHHUNOGLOBUL IN PSEUDOGENE
W ENSEMEL PREDICTED GENES ©HNOMNY

mmmm CURATED NOVEL CDS
mmmm CURATED PREDICTED GENE

mmm CURATED POL'

TE SHORPHIC
mm ENSEMEL PREDICTED GENES CNOVEL)

mmmm CURATED PUTATIVE
mmmm CURATED PROCESSED PSEUDOGENES
mmmm CURATED IMHUNOGLOBULIN SEGHENT

W ENSEMEL PSEUDDGENES

There are currently 99 tracks switched offr use the men. E Ensembl Gene Repol“t for OTTHUMG00000023076

Enserbl Homo_sapizns 71116713965- 116902666

Tue Aus

Gene
Vega Gene ID

Genomic Location

Description

Curation Method

= Transcri pts

Disease Matches

CFTR (HU0 1B)(te wiew all Ensembl genes linked to the name slidd here)

OTTE 3076 [iew Gene 0T THUMGOOO00D:

076 in Vega)

This gene can be found on Chromosome 7 at location: 116,713,968-116 902 GEE
This start ofthis gene is located in Contig ACO00111.1.1.149554

eystic fibrosis transmermbrane conductance regulatar, ATP-binding cassette (sub-family C, member Ty

Mo Curation Method defined in database

OTTHUMTOO0000593497 OTTHUMPOOODO024R44 CFTR-001 ranscript infol Exon info] Peptide infi]

Fealures ¥
Chr. 7 116.72 Mb116.74 Mo 116.76 Mb116.76 Mb 116.50 Mb 116,82 Mb 116.5% Mb116.86 Mb116.35 Mb116.20
Length b Foruard stand 208.70 Kb

T T T T T T e T T T
Wega trans. CFTR-001 -3

Curated prodicted sens
ONBCsontigs)
Wega trans. <= ACO00111.2-003

Curated nouel | Trans
Length 208.70 Kb Reverse strand
11672 Hb 116474 Hb 11676 Hb 116476 Hb 116,50 Hb 116,32 Hb 116,54 HbL16.56 Hb 116.55 Hb116.30

Thiz Ensembl entry corresponds to the following OMIM disease identifiers:
Congenital bilateral absence of vas deferens, 277180 (3)
* [Ormim 1D: 602421] - View disease information
Cystic fibrosis, 219700 (3)
¥ [Ormim 1D: B02421] - View disease information
Sweat chloride elevation without CF (3)
» [Ormim 1D 6024 21] - View disease information

39 of 49



i3 EMBL-EBI

L European Bioinformatics Institute

welloome trust

sanger

MG e

Manually-curated Vega Genes

= Detailed view

Jump to region: |><

bp [135436390

to 135469090

Zoom
- EE -
~<- 2 Mb - 1 Mb Window Window 1 Mb 2 Mb >
Features ¥ Eomparav DAS Sources ¥ REDESISY Decorations ¥ EXpDI’TY .Jump tow Image slZew Helpv
135.44 Hb 135.44 Hb 135.45 Hb 135.46 Hb 135,46 Hb 135.47 Hb
Length - 52,70 Kb
Enzembl Transcriplspies
Enzembl COS Fariel
L | | | | | |
[ | | | | | | | |
[ |
= EMBL mRMAs I
[ 1 | |
I——— 1 7+ 1
[ | | | | | | | |

E UniProt

E Fgenesh

E Genscan

B JGI trans.

B Broad trans.

g Washl trans.

[ Sanger trans.

[ Genoscope trans.

[ Havana trans.

Pseudo Polyf
Polyd signal
Poluf site
Enzembl clones
DNACcontigs)

Polyf site
Poluf signal
Pzeudo Poluf

VEGA_GENSCANOD000013519

Curated Locus Report

Curated Locus

F9 (HUGO 10) (to view all Vega genss linked to the name slick here)

Member of Human CCDS set

Locus ID

OTTHUMGO0000022536 [view in Ensermbl]

V————f— ———|Version

Fa-nnz

1

F—— —f+—  —+—|Date

Fa-nil

Gene last modified on 19/11/2003 (Created on 18/1172003)

Type

Known [Definition]

Genomic Location

View gen

genomic location: 133436390 - 138469090 bp (138.4 Mb) on chromosame X

This gene is located in sequence: AL033403.1.1.158557

Description

coagulation factor ¥ {plasma thromboplastic component, Christmas disease, hemophilia B)

[

Thig locug wag annotated by Havana <vega

sanger.ac. Uk

Database Matches

CCDs: CCDS1466E 1
HUGO: 9

Mim: 308300
RefSeq dna: M 000133

Uniprot/'SWISSPROT: PO0740

Sequence Markup

Wiew genomic sequence for this gene with exons highlighted

Export Data

Export gene data in EMBL, GenBank or FASTA

Curated Transcripts

1: F2-001 @TrHUMTO00000S8557) [Transcript it

2: F3-002 (oTTHUMTOD00D0SESSE) [Transcript ir

2 supporting evidence]

[Protein information]

& supporting evidence] [Mo translation]

52,70 Kb

[T GAD (Genetic Association Datahase)
[T HUBO text (PubMed text-mining via HUGO symholy
o e e e o .
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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 set

On chromosomes with Vega annotation
Map Vega annotation to current assembly

Prune partial CDSs from Vega Known and
Novel CDS

Add unigue 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 CDSs to NCBI

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

V-T2 2

Hinxton — - "
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y 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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