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What 1s manual annotation?
Why do manual annotation?
Tools for manual annotation
GBrowse
Apollo
Artemis
Critical evaluation of evidence
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Automated gene structure annotations are
often imperfect and can benefit from manual
refinement.

A manual annotator uses different tools to
view and curate the gene structure.
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Finding the genes is a primary goal of genome
sequencing, and the gene set is the foundation
for further studies. Accuracy Is essential!

Scientists can make informed decisions to
correct faulty automated annotations.

Model organisms have to be annotated to
GOLD standards.
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Annotation tools allow you to visualize the location
of features with respect to each other.

They can also display evidence alignments and
other information relevant to the process of
annotation.

Annotation editors allow the user to make changes
In the annotation of a sequence and save these
changes to a database.

This talk will mainly focus on some open source
annotation viewers and editors, however many
commercial solutions are also available.
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Volvox Example Database File Entries Select View Goto Edit Create Mrite Run Display
Selected feature: bases 1163 amino acids 388 SPBCIGA3.06 (/colour=7 /labeld
Showing 50 khp from cigA, positions 1 to 50,000 GC content (%) Window size: 76 —
Instructions: Search using a sequence name, gene name, locus, or other landmark. The wildeard character * is allowed. To center an a location, click
the ruler. Use the ScrallfZoom buttons to change magnification and position "
Examples: ctod,
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http://www.gmod.org/gbrowse

The Generic Genome Browser (also referred to as 'gbrowser') is a
combination of database and interactive web page for manipulating and
displaying annotations on genomes. It is similar to the genome browser
used at UCSD and Ensemble

Volvox Example Database

Showing 50 kbp from ciga, positions 1 to 50,000

Inztmctions: Search using a sequence name, gene fname, locus, or ather landmark. The wildcard character * is allowed. To center an a lacation, click
the ruler. Use the ScrallfZoom buttons to change magnification and position.
Examples; ctgh.
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It is mainly used to view and critically evaluate the various evidence

Web based annotation Viewer

Simultaneous bird's eye and detailed views of the genome.
Scroll, zoom and center functions

Attach arbitrary URLSs to any annotation.

Order and appearance of tracks are customizable by
administrator and end-user.

Search by annotation ID, name, or comment.

Supports third party annotation using
GFF format

Settings persist across sessions.
Allows DNA and GFF dumps.

DNA sequence can be loaded into the database and displayed in a track along
with the annotation.

Annotation provided by the user can also be displayed in a track. The annotation
data can be in a file on a remote server.
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Data files

DNA and features files to load into the local
database. e.g. gff files

Conf files

GBrowse configuration files for you to take and
modify.

J. Craig Venter
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Showing 100 kbp from 8673, positions 80,001 to 180,000

B Instructions

Search using a seguence name, gene name, locus, or other landrmark. The wildcard character * is allowed. To center on & location, click the ruler. Use the ScrollfZoom buttons to change magnification and position.
Examples: 8673:1..30000, MFIA_DOOGS0.
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Settings for TIGR Neosartorya fischeri browser

Unda Changes | Revertio Defaults | Refrash | Cancel Changes and Retum... | Accept Changes and Retum..

Track Options
The Show checkbox tums the track on and oft. The Compact aption farces the track to be condensed so that annotations will averlap. The Expand and Hyperexpand aptions tum on callision contral using slower and
faster layout algarthms. The Expand & fabel and Hyperexpand & fabel options force annotations to be |abeled. If Auto is selected, the callision cantral and label options will be set automatically if space permits. Ta
change the track arder use the Change Track Crder popup menu ta assign an annatation to a track. To limit the number of annotations of this type shawn, change the value of the Limit menu.

Track Show Format Limit Change Track Order
Track 1 TIGR working models 7 Compact v W’ [
Track 2 EVM2 predictions 7 Al [ Mo fimit [
Track 3 snap predictions ¥ Expand j MNolimit = j
Track 4 twinscan predictions v Expand M Nalimit » j
Track3 GeneZilla predictions 7 Auto j MNolimit » j
Track glimmerHMM predictions 7 Auto j MNolimit » j
Track7 Transposable elements 7 Auto j Mo limit * j
Track 8 DNA/GC Content ¥ Auto | W’ |
Track 9 b-frame translation ¥ Al j W’ j
Track 10 nap vs. AllGroup.niaa 7 Expand & Label j W’ j
Track 11 fungalDB for nfal.pep ¥ Al j MNolimit * j

Undo Changes | Revertto Defaults | Fetrash | Cancel Changes and Return... | Accept Changes and Hetum... |

External tracks talicized
"Orverview track

"Region track




TIGR Aedes aegypiti genome browser

Mame: 24834 _ 01550
Class: rm R,
Twpe: processed_ transcript

Source:
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165594

Twpe: =
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Length: 201
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Length: 127
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ATEEAGAT IGEAGAAL T GG GA TG I CC AL T T TG AT C G TG TACCACGC GA T GALATCC TG CCATC TGAC CACL AT =0
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T A G b b A T A A T TA LA T EALL T T I T A T A TG TAF T TG T AT TaGaAa GG T T INET A
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AT A T A EAL T EEA T AL T AT I A A T EAA T I C T I Ga A A AT EEALT T AAC G CCC GG TCAGALG AT I T L
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Search | Protein - forl Go | Clear |

Limits Freview/index: History Clipboard [Details

Display I GenFept ;! Showi 5 _vj! Send to _v_j

Range: from |begin to Iend Features: ¥ CDD |+ | Fefresh |

BLink, Consernved Domains,

M1 AATZS5396 Reports Opiela pol [Feam.. [gr17082479] e

Features Seguence

LOCTUS BALIE356 1048 == linear PLN 17-NOW-2Z003
DEFINITICHN OpisiZa pol [Zeas mays] .
ACCESSION BALIE356

VERSION BALIE356.1 GIL:17052479
DESOURCE accession AF391508.2
KEYWORDS

SOURCE Zea mays

ORGANISM Zea mays
Eukaryota; Viridiplantae; Streptophyta; Embryophvta: Tracheophytar
Spermatophyta: Magnoliophyts) Liliopsidar Poales: Poaceas; PACCAD
clade:; Panicoideaes: Andropogonsas; Zea.
REFERENCE 1 (residues 1 to 1045)
ATTTHORS Fu,H., Zheng,Z. and Doconer,H.EK.
TITLE Direct Submission
JOUERMNAL Submitted (15-JUN-Z2001) Waksmwan Institute, Rutgers Uniwversitcy, 190
Frelinghuysen Rd, Piscataway, NJ 05854, UI4
REFERENCE 2 (residues 1 to 1045)
ATTTHORS Fu,H., Shen,B., Ralston,E.J., Zheng,Z. and Dooner,H.K.
TITLE Direct Submission
JOUERMNAL Submitted (26-NOV-2001) Waksmwan Institute, Rutgers Uniwversitcy, 190
Frelinghuysen Rd, Piscataway, NJ 05854, UI4

EEMARE Sequence update by submitter
COMMENT Method: conceptual translation supplied by author.
FEALTURES Location/Qualifiers
Source 1..10458

forganisw="Zea mays"
fdlb_wref="taxon:4577"
fohromosome="a"

Fmap="ogT
Frotein 1..10458
fproduct="0OpieZa pol™
Fegion 179..342

fregion name="rve"
fnote="Integrase core domain; pfawml0&65"T
fdb_xref="CDD:40745"

CD3 1..1045
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TIGR Aedes aegypti genome browser

Name: repeat 15051

Class: flatch

Type: match

Source: repeat regions

Fosition: supercont. 19209777 0210002 (+ strand)
Length: 2B

Note: trf

rrepeat 15051 claszs=Match position=supercontl.l:5203777..5210002 (+ strand)
TATCGAT T T CAGAA T GA T TEAGAL A TATCGAT T TEAGAA TCAAGEEAGT AL T T T TAGT T TEAGGATC GATEGALTGETA
TCGAT T T GAGAA T T AT A GA LA TA T AT T T A GEA T TAA T TCAGTAA T ATCGAT T TEAGAATCAL T TEALTAGTATC
AT T TG AL T GATGEAA TG TATCGAT T TEAGAA TC GAT GEAGTAA TATCGAT T TGAGGATC G

Name: repeat_15051

Class: latch

Type: match

Source: transposonP Sl

P osition: supercont1 291540554 1540557 (+ strand)
Lenqgth: 19

Note: LIMNE

Frepeat 15051 class=Match position=supercontl.£9:15405354. 1540551 (+ strand)
CACATAGGCCALCATGTCARLAC AT TALAAMCATEAL GG CCCAGG T T TCGACAGCATCCTGAACATGEAACTCALGCA
ATTaAGTCTCCAGT TC TAT CTACA TAGC TAC T TCCGAC T TAGC TAC T TCCCCTCGTCGTEAAGTCAGCARALGTCATCC
CCATCACAAMLCCTGEALGGATCCACCAAMATCTGETT
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Rama and Linda will talk
11 about Manatee tomorrow
And Mathangi will demo manatee

MNeosartorya fischeri MNFLA_0DDS7TO0

» Dowenload sequence F Show genomic region on 1099437636265

Gene Identification

Sene Product MName: hexose carrier protein
Locus Marme: HFLA_O0O0970
Comment:

Gene Ontology Classification | B

» Mone found

Chromaosame: Linknown
Coordinates (5'- 37: 129307 - 1303965 on assembly 1099457536265
Mucleotide length: 1635
Fredicted protein length: 545
Fredicted molecular weight: 0.00
Fredicted pl: a.0ao
i:l'l Iﬂll:)l:’:l S ?_20(). ?_EGOI

] MF IA_aa 7o

— PFOOOS3: transporter, major Facilitator superfFamily
T, —— TIGROOEFI: MFS transporter, sugar porter CSPY Family
— N ——————— PFOFEQ0: transporter, major Facilitator Family

- - - - PROOLFL:
— PSSOSS0:
HMMIPFAM Hits
Accession MHame Total Score Trusted curoff Moise cutoff Total expect Curated
FFO00S3 transporter, major facilitator superfamily S56.0 -85.00 -55.10 E.7e-1135

TIGROOS3 MFS transporter, sugar porter (SP) family 3471 150.00 100.00 3.5e-101



GBROWSE

Volvox Example Database

Showing 50 kbp from ctga, positions 1 to 50,000
Instructions: Search using 2 sequence name, gene name, locus, or other landmark. The wildeard character * is allowed. To center on a location, click
the ruler. Use the ScrollfZoom buttons to change magnification and position

Examples: cigs,

[Hide banner] [Hide instructions] [Bookmark this view] [Link to an image of this view] [Help]
Landmark or Region Scroll/Zoom:

Jrtga: 1. 0000 «KK Show SOkbp ¥ pib2
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GC Content (%) Window size: 76

56.57

18,42 )|

I e 1w [ e N T ]
[ [ 11 11T bl

SPBCL6A3.06
AN L L T e e R I
e pp

T0200 [Tosoo 0600 1100 1400 1700 2000

_feature ture

[ A T (N R e | [
rael
e e [ N

(N1

Q
H L K NZRGCEK M V

7 T Vv F F K
F v F v + R T § F L L I § ¥V N

L
TATTTGTGTTTGTCTAGC TTTTTTATTAATATCGET: CAGGTETALLA TG
[fos10 [[0920 [f0s30 [[0940 [T0350 [[0560 [fos70 e
T CAC, CRGATCGCATGC, TRATTATAGCCATTTGACTGTAGATTTCTTGTCCACATTTTACCAT.

gtacgt, splice donor sequence
ctgacatctaasg, splice branch and acceptor
gtatge, splice denor sequence
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http://www.fruitfly.org/annot/apollo/

APOLLO

Genome Annotation and Curation Tool

Apollo was written by members of the FlyBase-Berkeley
Informatics group (Suzanna Lewis, Mark Gibson &
Nomi Harris), the Howard Hughes Medical Institute
(John Richter) and the Sanger Institute,/European
Bicinformatics Institute (Steve Searle & Michele Clamp).
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Apollo is a genome annotation viewer and editor

It was developed as a collaboration between the Berkeley Drosophila
Genome Project (part of the FlyBase consortium) and The Sanger
Institute in Cambridge, UK.

Apollo allows researchers to explore genomic annotations at many
levels of detail, and to perform expert annotation curation, all in a
graphical environment.

The Generic Model Organism Database (GMOD) project, which aims
to provide a complete ready-to-use toolkit for analyzing whole
genomes, has adopted Apollo as its annotation workbench

Apollo is a Java application that can be downloaded and run on
Windows, Mac OS X, or any Unix-type system (including Linux).

J. Craig Venter
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Apollo provides 'semantic zooming'
You can drag and drop features from evidence panel.

Simple interface for editing gene models (merging, splitting,
deleting, adding exons/transcripts, set 5’, 3’ or calculate longest
open reading frame)

By default it can display both strands at the same time.

Sequence-level adjustments are possible with Apollo's exon
editor.

Apollo allows you to tag results with a comment

Apollo automatically creates alternatively spliced transcripts for a
gene whenever the Open Reading Frames (ORFs) of transcripts
overlap.

J. Craig Venter
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Apollo can transparently access data across the net  work from remote machines, as
well as reading files that reside locally.

Apollo can read and load data directly from a
chado database

Apollo can also read Chado XML or GAME
XML files

It can read Ensembl GFF files

It can read Ensembl schema databases
It can read GenBank or EMBL format

J. Craig Venter
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http://www.sanger.ac.uk/Software/Artemis/

Developed by Sanger Institute, UK

Reads in Genbank, EMBL and GFF3 files and sequence in
FASTA format.

Displays annotation derived from a feature table.

Has a selection of tools such as a G/C graph.

Allows the direct display of blast results.

Artemis is Java based (cross platform), easy to run and install.

Allows editing the annotation and export it in GenBank, EMBL,
and GFF3 format
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Critical evaluation of evidence

+

full-length cDNA
EST
protein

gene prediction

Full-length cDNAs are the most reliable pieceswflence, followed
by EST, protein, and finally gene prediction evicen Evidence of
the highest reliability is used for structural atation.
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When encountering EST evidence, one can
examine information about the EST or the ESTs
used to make a Tentative Consensus (TC)
sequence at Gene Indices WebPages.

http://compbio.dfci.harvard.edu/tqi/
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