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|IGS Annotation Engine

* A free service to anyone with a prokaryotic
sequence they wish to annotate that provides:

— Automated output of the IGS prokaryotic
annotation pipeline

— The Manatee curation tool

* Can be used with complete or draft genomes




The need for services like the AE

Sequence Generation Automatic Annotation Further Analysis

Automatic Annotation Manual Annotation

Further Analysis




More is on the way!!!

Third Generation of
Sequencing Technology

Poised to provide insane
amounts of sequence data.




IGS Annotation Engine Navigation
Institute for Genome Sciences Introduction

A n n O t a ti O n University of Maryland School of Medicine About the pipeline
Submit your sequence
E °
ngine
What is it? Introduction
We b p a ge The IGS Annotation Engine is a Fast and inexpensive sequencing
FREE resource for genomics technology has made it possible for

researchers and educators virtually every university department to
bringing advanced bioinformatics  acquire the capacity to sequence genomes
tools to the lab bench and the of their choice in-house or at minimal
classroom. cost. In order to utilize this data we need
robust annotation pipelines, tools for the
analysis and evaluation of the data, and
researchers trained to make sense of the
results. However, it is quite costly and
time consuming to acquire the
considerable infrastructure and expertise
7 November 16-19, 2010 needed to create annotation pipelines and
would be wastefully redundant for
individual researchers to recreate these
more information systems over and over. In addition, to
ensure that both current and future
genomics scientists have the skills needed
to correctly make, use, and interpret this
data we must provide quality educational
resources that provide real-world
annotation experience. To meet these
needs, the Institute for Genome Sciences
(IGS) offers the FREE IGS Annotation
e T Engipe service. ‘The IGS Annotation Engine
General Medical Sciences provides 2 services: FREE automated
One of the National Mstitures of Health annotation and tools for prokaryotic DNA
sequence to researchers who have sequenc

Annotation workshops

Annotation Workshop

http://ae.igs.umaryland.edu

A short course on the methods
and tools used in prokaryotic
annotation is now available.

(waiting list only)

register

Funding Source

We gratefully thank the National
Institute of General Medical
Sciences for funding this project.




|IGS Annotation Engine Growth

# new submitters

== s sequences

IGS booth at ASM General Mtg.

May 09_
Jun-09

Current stats (from the two years of the project at IGS)
— Submitters: 90
* From all over the United States and 17 other countries
— Users: >>90
— Genomes/sequences: >225




Gene Predicted
DNA Prediction rotein
—_— . D . translation
Sequence with coding
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Automated start
site and gene

RNA finding: overla.p
tRNA-scanSE correction
RNAmMmmer

similarity searches
y Searches:

Pairwise BER searches against UniRef100
HMM searches against Pfam and TIGRfam
Motif searches with LipP, THMHH, PROSITE
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Sequence-based searches

Pairwise protein alighments
HMM searches

Motif searches
— PROSITE

— TMHMM

— SignalP

— LipoP

COGs

Priam profiles




Blast-Extend-Repraze (BER)

genome’s protein set

VS. p—

non-redundant protein database
mini-db for mini-db for mini-db for mini-db for
protein #1 protein #2 protein #3 protein #3000

2
Significant hits (using a liberal cutoff) put into mini-dbs

for each protein Extend 300 nucleotides
| on both ends (see later slide)

modified Smith-
Waterman Alignment

)

mini-database from BLAST search

extended protein

a pairwise alignment tool

initial BLAST with liberal cutoff for
each protein in the genome

modified Smith-Waterman alignment

generated between search protein and
each BLAST result

result is a file containing one pairwise
alignment for each match protein from
the BLAST

view alignments in our Manatee
annotation tool

we do the 2-step process because
BLAST is fast and Smith-Waterman is
slow, so it saves cpu time to only do
the Smith-Waterman alignments on
things that have any hope of matching




66.0/79.7% over 343aa Escherichia coli
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cgsp.CDS.141942892.1( 7 - 350 of 351 aa)

SP|P12996| IO _ECOLI(4 - 346 of 346) iotin synthase (EC 2.8.1.6) ( iotin synthetase). taxon:562 {Esche
tIdentity = 66.0 &Similarity = 79.7

Gaps = 1 InDels = 3 Frame Shifts = 0

Primary Frame = 1 [343, 0, 0]
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tcctgtgeccacgcacgctgeccacggecgttataggatgectcacacgatgtacagtagattggactcttgtagtgecattte
gaaatagagctccggtgagtcgaaataacggaagcaaggaagaagtagcaatccttaaacttataagtctctagtgtcac
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cnd3

ORFxxxxx 300 bp

search protein

match protein

normal full length match
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similarity extending through a frameshift upstream or downstream into
extensions
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similarity extending in the same frame through a stop codon

12

25
two functionally unrelated genes from other species matching one query
protein could indicate incorrectly fused ORFs
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OMNT | NTLOZP&A0Z2010(: 26" 67) probable transcriptional regulator { vdomonas
WNiatch = 28.7

¥Identity = 59. milarity = 75.2
Mfatches = 156 Ml-mdfth- = 61 Conservative Sub.
Gaps = 4 Inlels 19 Frame Shifts = 1

Primary Frame = [162, 96, 0]

~ ]l-&idil ']'i']'i' q’ q’q"-'-'-" d

16 ‘ -
SSCEaAS PDHFHTHTHETE f&—HJRUUY"”AAE"HLHVLIALHEL PoToLLIlﬁEHLhHIP SKTHRY
I

(11 Ll st 1l
MEKNSSPAET SGKQKTRS aE"thIme}:L SPATSL SRLAEHTGHPASKYHRY

10 AL

! = llr “T126 36 46
“D&"NHHHHLHFEALH"HLA LHKLD"LhufhmeA LFDELD“T'FL&-uHHIHPT TYTEPSHGATTLYTQIGST
I s N A e A |||||||||||||||33||||||
QDAS TNHH;LHEEALF"HLHALD [ﬂmLh.HAAILHELFD"LHET'FL&?WHNFHAT"VQVEU&"FA"T TH"GHV

120

i' 1 i1 Z C ]
LSSSTGLYFDS FLAQGET ﬁLLFE”ETPPLLHD”LHE“EFH———IRHIFATRHH“IUbHLMI3IHﬂAu PLFBHGHKL“G
I 1L : A ] : | : FEE DD sl 1 hleld
LGSSTGL .!AELREEELAGRADHPLADPAA A"LLEHIFAIHLHAIHHLLHIG“EAL AI"FDAFHRVAA
160 220

170 120 190 200

l:]':. ;11:[]’]'! q‘f‘ q’f‘ agqaqc CC f. Jadgadgaagca |_]

3..LNDLAQGQAAIILLETAT&I EFHH——h.JLRS*VTTVLAPWF-\
IR 1 U I O L O 8
ASIFQAEEQGPAAERLLATTRAT STRIMGY DGTOG
240 250 260

aerug




HMMs

Our Hidden Markov Model database consists of TIGRFAMs and Pfam

statistical model of the patterns of amino acids in a multiple alignment of proteins (called
the “seed) which share sequence and functional similarity

Each TIGRFAM HMM is assigned to a category which describes the type of relationship
the proteins in the model have to each other

— equivalog
— superfamily
— subfamily
— domain

one can search proteins against HMMs, they receive a score indicating how well they
match the model

by comparing this score to the cutoff scores assigned to each model, one can determine
whether or not the search protein is a member of the group defined by the HMM

— “trusted cutoff’ - proteins scoring above this score are considered a member of the
group defined by the HMM

“noise cutoff” - proteins scoring below this score are considered NOT to be a
member of the group defined by the HMM

— for proteins scoring between trusted and noise, the HMM evidence is not sufficient
to determine whether the protein is a member of the functional group or not




Annotation is attached to HMMs

e TIGRO00433
— category: equivalog
— name: biotin synthase
— EC: 2.8.1.6

— gene symbol: bioB

— GO terms: GO:0004076 biotin synthase activity; GO:0009102 biotin
biosynthesis

e PF04055
— category: domain
— name: radical SAM domain protein
— EC: not applicable
— gene symbol: not applicable
GO terms: GO:0003824 catalytic activity; GO:0008152 metabolism




Evaluating HMM scores

...below noise: the protein is not a
member of family the HMM models

...in-between noise and trusted:
the protein MAY be a member of
the family the HMM models
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The Pitfalls of Transitive Annotation

~ ProtemB ~ ProteinC ~ ProteinD

But, is Protein A similar to Protein D?

If not, a transitive annotation error has occurred.

To prevent, or at least minimize, such errors we require that a match protein be
“trusted” if specific functional annotations are made from it.




rokaryotic protein

Evidence

Criteria

Query

Match

tional prediction (pFunc)
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HMM
HMM
BER
TMHMM
LipoP
HMM
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BER
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Equivalog

Trusted

Equivalog Domain
Trusted

Subfamily
Superfamily
Subfamily Domain
Domain

Pfam
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> 5 membrane spans

Presence of prediction
Hypothetical Equivalog
Not trusted

Not trusted

Not trusted

With ambiguous term
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Protein names are adjusted to reflect
functional confidence/specificity

— “adenylosuccinate lyase” with EC/gene symbol

— “carbohydrate kinase”, FGGY family

— “cbbY family protein”

— “hypothetical protein
— “conserved hypothetical protein”




Options for Data Access

Option 1
MySQL — We place a MySQl version of your
Database database and files onto an ftp
site. You download it and
Manatee for local installation

Option 2
— Your database resides at IGS. We
provide you a password-

protected account to Manatee
installed at IGS.

— By far the most popular option.
Option 3
— File downloads
e gff3
gbk

Simple tab-delimited with
functional information

Multifasta protein/nucleotide




MANATER

Installation Requirements Documentation Downloads

Welcome to Manatee!

Welcome to the Manatee page from the Institute for Genome Sciences (IGS) at the University of
Maryland School of Medicine

Introduction

Manatee is a web-based tool used to perform manual functional annotation. It has been specifically
designed to optimize the ability of curators to evaluate all available sequence-based and
experimental data to assign the best possible annotation to a given gene product. Manatee allows
users to view, modify, and store annotation through interactions with an underlying relational
database where all of the information is stored. Manatee supports the storage of multiple types of
functional annotation including protein names, gene symbols, EC numbers, Gene Ontology terms,
and associated supporting evidence. In addition, Manatee provides summary views of statistics and
information from the genome as a whole.

History

Manatee was originally developed at The Institute for Genomic Research (TIGR). In the mid-1990's
Owen White wrote the predecessor to Manatee, a tool used for manual annotation in-house at TIGR.
Over time this tool evolved into the open source tool called Manatee and was first released to the
public on Fri, Aug 30, 2002 (version 1.4.5). At TIGR, Manatee was engineered to work with a
custom-designed relational database schema unique to TIGR. That version of Manatee is still in use
at the J. Craig Venter Institute (JCVI, which TIGR was merged into in 2006).

The IGS version of Manatee

At IGS we have developed a version of Manatee that uses the chado relational database schema; the
schema developed by the Generic Model Organism Database GMOD group and which is the
standard used by many bioinformatics tools (such as Apollo and Artemis). This version of Manatee
includes several tools and features not found in the original software. These include: the ability to
automatically create Gene Ontology association and GenBank files, the availability of downloadable
annotation and sequence files, and the ability to Blast sequences against the predicted proteins,
predicted coding sequences, or whole genome sequence of your organism. Coming soon will be
links to Pathway Tools metabolic analysis specific to each genome.

About IGS Contact us

Getting Started

Installation Instructions The installation instructions provide full
documentation on how to download and install Manatee and all
required software.

Software and Hardware Requirements A list of required software
and hardware specs necessary to run Manatee successfully.

User's Documentation Powerpoints and other documents
educating the user on how to use Manatee to annotate genes in a
genome.

Subscribe to the Manatee User's List It is recommended that all
Manatee users subscribe to the Manatee User's List to receieve
information on new releases, updates, and other news. Please feel
free to send an email to the group if you have any general
questions that you wish to ask the Manatee Users.

Forums Browse the forums to find out if other users are having
the same issues as you. Also, feel free to post any tips or tricks
you might have implemented that will be helpful to other users.

Manatee Support Problem? Please submit a support request and
the Manatee team will get back to you ASAP to address the issue.

manatee.sourceforge.net




Welcome to Manatee H(mk:. | H‘ulg | Lm_'nul.l ]
organism: Shewanella oneidensis MR-1

[This is the main menu page for the Manatee tool. One can access genes directly (with gene's id number or name) or link to additional menus with more options.

ACCESS LISTINGS

Annotation Tools
Genome Summary
Genome Viewer
Pathway Tools

O ACCESS GENE CURATION PAGE

» gene_id: '

O SEARCH GENES BY PROTEIN NAME
» protein name: |

O CHANGE ORGANISM DATABASE
b » database: |

“reset O BLASTN blast nucteotid against nucleotid of predicted genes in this genome

O BLASTP blast protein sequence against amino acid sequence of predicted genes in the genome
@) TBLASTN blast protein sequence against the entire genome sequence
»Paste nucleotide or protein sequence below:

»Run against NCBI databases: NCBI Blast

Data file downloads (potentially long download times)
» GO Dumper (Tab delimited file of GO annotation)
» Nucleotide Sequence Dumper (Multifasta File)
» Protein Sequence Dumper (Multifasta File)
» Annotation Dumper (Tab delimited file of annotation)
Genbank Dumper (For use in Artemis, BioPerl, etc.)
GFF3 Dumper (For use in GBrowse, JBrowse, etc.)
TBL Dumper (For submission to NCBI, along with the nucleotide FASTA)




i Tl Home | Help | Logout -

The ann_tools.cgi script generates the Annotator Tools webpage, which is the entry point for accessing the Submit webpage for all ORFs in a genome, as well a resource for locating
general properties of the genome and determining the progress made in the Annotation of the genome of interest.

Home Annotation Tools Genome Summary

+» ACCESS GENE LISTS

» molecule: ' All molecules 3]

@® all genes, ordered by role category

O main role category Unclassified
O single role category role_id

O select coordinate range: )
endS: end3:

“ submit

SEARCH GENES BY:

“ reset

O gene_id / locus:

O protein name:

O gene symbol:

O EC number:

O Comment:




»Biotin Role id: 77

. . cne .
seq id gene_id |locus |end5 |end3 |gene name & ec other roles Firiydl=is
symbol
cgsp.assembly.1 | cgsp_4048 2856763 | 2855711 biotin synthase bio8 28.18 sdaugherty
. . ) adenosylmethionine-8-amino-7-oxononanoate . .
cgsp.assembly.1 | cgsp_4527 2855886 |2858271 transaminase bicA 26.1.62
cgsp.assembly.1 cgsp_2852 4821460 |4822251 | putative pimeloyl-BioC--CoA transferase BioH bioH
cgsp.assembly.1 cgsp_2697 2853281 |2852586 dethiobiotin synthase bioD 6.3.33
Biosynthesis of cofactors, prosthetic groups, and carriers
»Folic acid Role id: 78
. . gene
C [seq id gene_id |locus |end5S [end3 [gene name ec other roles Fi# M=
symbol
cgsp.assembly.1 cgsp_1064 1241874 | 1242807 dihydropteroate synthase folP 25.1.15
2-amino-4-hydroxy-
cgsp.assembly.1 | cgsp_1480 201508 | 901020 6-hydroxymethyldihydropteridine folK 27863
pyrophosphokinase
cgsp.assembiy.1 cgsp_3336 1342213 | 1342563 dihydroneopterin aldolase folB 4.1.225
2-amino-4-hydroxy-
cgsp.assembly.1 | cgsp_4383 1342732 | 1343109 6-hydroxymethyldihydropteridine folK 2763
pyrophosphokinase
cgsp.assembiy.1 cgsp_4558 2338915 | 2335512 aminodeoxychorismate synthase, component | pab8 8358
cgsp.assembiy.1 cgsp_1154 4430777 | 4431427 GTP cyclohydrolase | folE 3.5.4.16
cgsp.assembiy.1 cgsp_3622 2752170 | 2751361 aminodeoxychorismate lyase pabC 4.1.3.38
Biosynthesis of cofactors, prosthetic groups, and carriers
»Heme, porphyrin, and cobalamin Role id: 79
. . gene .
C[seq id gene_id |locus |end5 |end3 |gene name ec other roles Ei7iqM<slis
symbol
cgsp.assembiy.1 cgsp_3341 4808057 | 4808959 protoheme IX farnesyltransferase cyoE 25.1.-
cgsp.assembiy.1 cgsp_3703 1078725 | 1079349 | cob(l)yrinic acid a,c-diamide adenosyltransferase cobO 2.5.1.17
cgsp.assembiy.1 cgsp_4255 3984756 | 3983506 glutamyl-tRNA reductase hemA
vy i 4




Shewanella oneidensis MR-1 | Gene Curation Page Home | Logged into [gsp] as ml

accession %sim | length description
G OMNI:S02740 1000 | 349 biotin synthase {Shewanella oneidensis MR-1}
ORF0481 3 802740 SP:P36569 340 Biotin synthase (EC 2.8.1.6) (Biotin synthetase). {Sematia
( ) ends/end3: 2856763 / 2855711 database: jgsp SP:P12996 E2 Biotin synthase (EC 2.8.1.6) (Biotin synthetase). {Escherich
» View BER Searches gene length: 1053 GP:145425 342 biotin synthetase {Escherichia coli)
asmbl_id: 7974 proteln Ienglh: 350 feat_name {locus: GP:12620127 94 | 42 biotin synthase BioB {uncultured bacterium pCosHE2}
» Reload Page molecular wt: 38790.13 New Gene OMNENTLO3EC0855 194 | 342 biotin synthetase {Escherichia coli 0157:H7 VT2-Sakai }OGPI13
OMNENTLO1YP1094 810 | 340 biotin synthase {Yersinia pestis C092)OOMNIINTLO2YP2986 biot
|Se|eCI D|Sp|ay g Select Function g Refresh Searches GP:12620099 195 | 340 BioB-like protein {uncultured bacterium pCosFS1}
OMNIENTLO2EC0848 791 | 342 biotin sy s, sulfur insertion herichia coli O157:H
SP:Q47862 792 | 339 Biotin synthase (EC 2.8.1.6) (Biotin synthetase). {Erwinia h
) ATIO submit | hiSlOfy | SP:P12678 86 | 344 Biotin synthase (EC 2.8.1.6) (Biotin synthetase). {Salmonell
OMNLVCI112 818 | 348 e El Tor N16961)OGPI96555
gene name: OMNENTLO3STO726 | 786 | 344 erovar Typhi CTI8)
biotin synthase OMNENTLO3PAOOSOL | 789 | 348 synthase {Pseudomonas aeruginosa PAO1JOGPI99463641gb!
5 GENE ONTOLOGY submit | gosug | search | 113
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» ORF Summary

Total ORFs:

assigned function

conserved hypothetical

unknown function

disrupted reading frame

unciassified. no assigned role category

hypothetical proteins

Unclassifiad

Fole category not yet assigned

Amino acd biosynthesis

Aromatic amino acid lamity

Asparnate family

Glutamate family

Pyruvate family

Serine family

Histidine family

Other

Purines, pyrimidines, nuclecsides, and nucleotides

2-Deoxyribonucieotide metatolism

Nucleotide and nuclecside interconversions

Purine ribonuclectide biosynthesis

Pyrimidine ribonucleotide biosynthesis

Salvage of nucleosides and nucleotides

Sugar-nucleotide biosynthasis and conversions

Other

Fatty acid and phosphoiipid metabolism

Biosynthesis

Degradation

Other

Biosynthesis of cofactors, prosthetic groups, and carriers

Biotin

Folic acid

Heme, porphyrin, and cobalamin

Ligoate

Menaquinone and ubiquinone

Molybdopterin

Pantothenate and coenzyme A

Pyridoxine

Ribotlavin, FMN, and FAD

Glutathione

Thiamine
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You can only change a start site for the yellow colored protein below. To

change the start site, click on any amino acid and choose “"Move start site

here". You can BLAST any portion of the protein sequences beiow up to the

next stop site. To BLAST, click on any aming acid and choose "Blast Sequence”.

GCTGATTAAAAATATCAGACACGLCARAGCCATARGRCATCATCGACAARTCAACCACACATTATARCACGLGACARAGGCTAGATAAGGCCTTAARTEAGCGCAATATE
CGACTAATTITTTATAGTCTIGTGCGGTTTCGGTACCCGTAGTAGCTGTTAGTTGGTGTGTAATACGCGCGCCGTTITCCGATCTATTCCGGAATTAGCCGCGTTATAG




Pathway Tools

All AE genomes now get Pathway Tools
analysis

A PGDB is created for each genome

The PGDB is Available to the users via
protected web site

We are just beginning to form links between
Manatee and the PGDBs
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Future directions

* We are working on grant renewal now
— Just entered our 4% and last year of the current grant

* We plan several more enhancements
— more search options in Manatee
— More customizable download/viewing options
— Incorporation of new datatypes such as RNAseq

* Integration with other tools
— Artemis
— Apollo
— |GS resources
 Sybil
* Mummer-remap




Future directions of Annotation Engine
and Pathway Tools

e Communication between Manatee/PGDBs
— Lists of/links to pathways on Manatee GCPs
— Links to pathways from Manatee GCPs

e Use PT analysis to inform automatic
annotation process in an iterative fashion

* Changes in Manatee propagate to PGDB and
back again, automatic refresh of pathway
predictions.
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http://gscid.igs.umaryland.edu [ttt

GSCID

GeNnomic SEQUENCING CENTER FOR INFECTIOUS DISEASES

OVERVIEW RESOURCES PERSONNEL WHITE PAPER PROCESS

IGS Genomics Workshop - 4 times per year
v http://ae/cgi/workshop_info.cgi

" Topics

~ -sequencing

~ -gene finding (prok and euk)

- -functional annotation

~ -Gene Ontology

The Instue for Genome Sciences (GS) ai / of M | | < -Manatee demo and hands-on

N 10 ¢ : ' -comparative genomics, Sybil demo
-Artemis demo

-expression analysis
-metagenomics

-Human Microbiome Project
-databases

-pipeline management

Please check out
the IGS careers page at:
http://www.igs.umaryland.edu
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