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Plant Genomics

“Today genomics Is the primary driver

for unification in biological science”

Cook and Varshney (2010)
Current Opinion in Plant Biology
13:115-118.
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Genome Annotation

“Annotation is one of the most difficult

tasks In genome sequencing
It is essential for connecting
sequence to biology”

Elsik et al. 2006 Genome Research
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The International Wheat Genome
Sequencing Consortium

www.wheatgenome.org
Launched in 2005 on the initiative of Kansas Growers

’ Executive director

K. Eversole
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Leroy et al. (2012) Frontiers in Plant Science 3:1-14

{fromfders in METHODS ARTICLE
blished: 31 J 2012
PLANT SCIENCE dor: 10.3389/pls. 2012 00005

TriAnnot: a versatile and high performance pipeline for the
automated annotation of plant genomes

Philippe Leroy'*, Nicolas Guilhot', Hiroaki Sakai?, Aurélien Bernard ', Frédéric Choulet’, Sébastien Theil’,
Sébastien Reboux*?, Naoki Amano?°, Timothée Flutre?, Céline Pelegrin’, Hajime Ohyanagi®’,

Michael Seidel®, Franck Giacomoni®, Mathieu Reichstadt’, Michael Alaux*, Emmanuelle Gicquello’,
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TriAnnot Architecture
Modular

Transposable Elements

TEannot BLASTX
(TREPcons)  (TREPprot)

N. Guilhot

k-mer frequency
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Transposable Elements

Erayman et al., 2004

To be masked
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Transposable Elements “code”

Wicker et al. (2007)  Clasification Structure SO Code  Occurrence

Order Superfamily

Class | (retrotransposons)
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TriAnnot Architecture

|Trans§osab|e Elements
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Protein-coding gene models

based

Biological evidences
"Extrinsic approach”

L Similarity J

L Combiner J
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training data set
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Use a color code system to assess the confidence of the
structural annotation

Panels

2

Transposable Elements —

TEannot
(TREPCcoNs)

BLASTX
(TREPprot)

Protein Coding Genes

ab initio
FgeneSH, Augustus
GeneMarkHMM, geneid

Similarity
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Plant FL-cDNA, mRNA
& ESTs
Exonerate
Plant proteomes

Non Coding Seguences
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BLASTN

RepeatMasker

Masking

k-mer frequency
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A.thaliana, O. sativa, Z. mays, S. bicolor,
B. distachyon, plastids & mitochondria,
EMBL plant wgs / tsa

Molecular Markers
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Tandem Repeat Finder (TRF)
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Structural Annotation

Similarity

c |ca1| o
8 VAN

S |cat2 | | [ [ |
<

5 | cats | e o\

ab initio & Similarity
Cat4

ab initio

§

Cat5h

5 Categories

Wheat FL-cDNAs + wheat RNAseq

CDS-genes derived from reference
genomes annotation (Os-irgsp, Bd)

Poaceae FL-cDNAS

EuGene Combiner :
Augustus + wheat-ESTs +
SIMnuc + SIMprot

Augustus
ab initio gene prediction only

Use a egtor code system to assess the confidence
bR tural annotation




Transposable Elements —

Panels
- TEannot BLASTX
(TREPcons)  (TREPprot) RepeatMasker
. . Masking
Protein Coding Genes
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Functional Annotation 6 Classes

i of :

known-function >80% identity UniProtKB/Swiss-Prot
>80% coverage

putative-fu nction >45% identity UniProtKB/Swiss-Prot
>50% coverage UniProtKB/TrEMBL

Not annotated as putative or hypothetical

domain-containing-protein Pfam

>45% identity

eEXpP ressed-seq uence >50% coverage ESTs databanks
>45% identity UniProtKB/Swiss-Prot
conserved-unknown-function >50% coverage UniProtKB/TrEMBL

annotated as putative or hypothetical

hypothetical-protein no known function

UrPLANT IWGSC annotation guide line




TriAnnot Architecture
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Non-coding RNAS

* tRNAs

®Y Ok
V00

*snoRNA

= many other families
PiIRNA, siRNA, paRNA, uaRNA
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TriAnnot Architecture

Transposable Elements

TEannot BLASTX
(TREPcons)  (TREPprot)

k-mer frequency

RepeatMasker (cs 3B 2X)

. . Masking
Protein Coding Genes
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How to use the TriAnnot pipeline ?

Annotation

GFF files
CHADO

database

! Automated sequence ﬁ

upload

| Automated annotation Repository
download
~900 cores — 8.5 Tfop o

Large Scale
analysis

E——— uN\*“SPASCN- ﬁi%%éé A
> il

Web
submission

B

Email
GBrowse link
Download

Manual
Curation
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TriAnnot v3.6

Friendly web
Interface

Login/Password

~ 125 users registered since the beginning
~ 59 users at present
~ 33 actively using the pipeline

=» 726 analysis since January 2012

Submission
Automatic annotation
Graphical Viewing (Gbrowse)

Download data
EMBL, GFF, align

http://www.clermont.inra.fr/triannot

IBACK COHTACT

| SITE  MAFP | FUNDING

About us

Projects

Tools

GnplS
Triannot Pipeline

Help

Hews
Architecture
Usage
Softwares
Databanks
Defaults
Links
P

Run Pipeline

Google

triannot

Research

You are here : Home f Tools J Triannot Pipeling

Triannot Pipeline

Together with rice and maize, wheat provides more than 60 % of the calories [
and proteins for our daily life. Among the grasses, bread wheat {Trdicum B
gesthimn L, 2n=fx=42, AABBOD) has one of the largest genome size with
17,000 bh {about 45-fald larger than the rice genome). Itis an allohexaploid
consisting of seven groups of chromosomes, each group containing a set of
three homoealogous chromosomes belonging tothe A B and D genomes. The
Agenome was contributed by Triticurn ywrady, a diploid wheat ancestor, and the
B gename by an unknown close relative of Aegiiops speltoides, an other diplaid
wheat ancestor. About 8000 vears ago, the D genome from Aegiiops tauschil
was added to the AB genome tetraplaid Triticurn furglicum resulting in bread wheat. This recent history makes whea
one ofthe best madel organisms to study the evalution of polyploids.

In the last 50 vears, extensive genetic and cvtogenetic (aneuploide and deletion lines) studies have led to the

Enwiron 2 060 résultats (0,17 secondes]

*3 Tout
Images
B videos

Triannot Pipeline - URGI
19 Mov 2010 ... A first version of TrifAnnot has been deposited on January 31th, 2006 to the
French APP ("Agence pour la Protection des Programmes™) ...
urgi.versailles.inra. fr/.. /Triannot-Pipeline - En cache - Pages similaires

- [ Traduire cette page |
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“TriAnnot Pipeline” TAB

The template is the “menu” : the step.xml

which defines the type of programs to be

TriAnnot Pipeline [— My &

TRIANNOT PIPELINE ;

used with which parameters and which

nalyses — 1 databanks. A lot of combination can be

Analysis title @

snalvsis oo Wheat and other species.

|Give a descriptive title to your analysis (maxir

l

Pipeline template @

|Please choose a template...

H

_.acters)

Enter Query Seque

y 2C

nce

Enter FASTA sequence (> 1000 bp and < 3 Mbp) @

Or, upload file @

Browse.. | Clear

Submit analysis I
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written. A full step is available for wheat
and a default analysis is usually used for



Several possibilities for analysis

i Trisnnot Pipeline ]* My Analyses — My profile — Admin — aAbout TridAnnot

TRIANNOT PIPELINE ANALYSIS SUBMISSION

Analysis parameters

Analysis title @
lGive a descriptive title to your analysis (maximum 255 characters)

Pipeline template @

[Please choose a template... |
Please choose a template...

t default nno
Wheat full analysis

Rice default analysis lery Sequence
Barley default analysis

0Oak default analysis d < 3 Mbp)@

Or, upload file @

Browse.. | Clear

Submit analysis I
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Status

) : P e “ AW | 0
TriAnnot Pipeline My Analyses My profile — Admin — About TriAnnot

MY TRIANNOT PIPELINE ANALYSES

R

[Pending (0) | [Running (0)][Finished (4)][Failed (2)]| All (6)

Search: Show 15 ~ entries
Status | Submitted Progress Title Sequence Sequence Started Finished Pipeline fofnaot
v Length Template version
x 12-01-12 Just a test on a short seguence ANF4514 4367 12-01-12 12-01-12 Wheat IWGSC 3.5
10:33 10:35 10:45 Annotation
12-01-12 Ancther test ANF4514 1257 12-01-12  [12-01-12 Wheat INGSC 3.5
b 4
10:33 10:35 10:45 Annotation
= |12-01-03 ctg0464b_000000001_000200000 ctg0454b_000000001_000200000 200000 12-01-03  |12-01-03 Wheat INGSC 3.5
a [ 100% - - - - -
Y8118 N D0 N Y 11:20 12:02 Annotation
= |11-12-31 BACsynth12 Synth12 127860 11-12-31  [11-12-31 Wheat INGSC 3.5
—
¥ 8150 LLL LD 12:15 13:33 Annotation
= |11-12-20 Scaffolds A20 A20 117015 11-12-20  [11-12-20 Wheat INGSC 3.5
—
Y8 1508 N D0 N Y 12:20 13:09 Annotation
= |11-12-07 Test_3Mb ctg954_3Mb 2999940 [11-12-23  |11-12-24 Wheat INGSC 3.5
(gl — —
¥ 811 LLL LD 18:15 11:39 Annotation
2 Showing 1 to 6 of 6 entries il

=

ith selected rows: | Download Resulis | | Delete |

View results with GBrowse
Download results file

S Analyses is waiting in the queue for a free slot
%2 Analyses is in progress
¥ Analyses has been processed successfully

e 348

X Analyses has failed

STE AL
onESRsc
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Email

De Moi <triannot-support@clermont.inra.fr> @~ L4 Répond'el '3 Répondre & tous I * |z Transférer ~ Archiver I (1) Indésirable | ¥ Supprimer I
Sujet [TriAnnot] Analyses results notification: finished (1) 31/10§2012 18:56
Pour leroy@clermont.inra.fr. Autres actions ~

Dear Philippe Leroy,

Results for the following TriAnnot analysis are available for

download:
(739] - "case study transPLANT" submitted on "2012-10-31 17:46:51"

5 genes predicted)

You can download results files from "My Analyses™ section on

TriAnnot pipeline web interface.
http://urgi.versailles.inra.fr/triannot/?results

conQOTT



GBrowse

Trisnnot Pipeline My Analyses My profile — Admin — about Tridnnot

MY TRIANNOT PIPELINE ANALYSES
(Pending (0) | (Running (0) | [Finished (18) ] (Failed (0) ] All (18) |

Search: ' Show|15 _vI entries

# .
. Sequence = Pipeline TriAnnot
[T status |Submittedy  Progress pr:;l:::::d Tite Sequence Langth Started | Finished Tampiate i
12-10-24 102 Test Rice Default Rice_test 998220 12-10-24 |12-10-25 |Rice 3.6
r & 8= 1441 £ 100% - 14:44  |08:01 default
analysis
12-10-24 22 Test Oak Default ASN_A_SE10_P2_137232bp 137232 12-10-24 |12-10-24 |Oak 3.6
M & &3 1490 [1100% 14:44  |22:16 default
analysis
12-10-24 8 Test Barley Default seq0l 191655 |12-10-24 |12-10-25 |Barley 3.6
r & &% |14:40 . 100% 14:44  [10:36  |default
analysis
12-10-24 18 Test bacSynth12 Default Synth12 127860 12-10-24 [12-10-24 |Wheat 3.6
-—=114:39 14:40 16:27 default
O v‘!"" IWGSC
Annotation

S Analyses is waiting in the queue for a free slot
%2 Analyses is in progress

¥ Analyses has been processed successfully

X Analyses has failed




Gbrowse - v2.33

Data Source

tm,mm s serollizoom: ¢ € [Show5.001 kbp[=] ~ ? *?| T Flip
Overview
A20_81
; , ) ) ; ; , ) ; i .
ok 10K 20K 30K 40K 50K 60K 70K B0k 0k 100k 110k
* B EBHEH @3 Genes Overview
] [ )
[ Region
B Details | roverveve]
i 2 Kbp
¢ 1 : { - +
Bdk Bk Bk 87k 88k B9k

 H E @ HE H @ Structural & Functional Gene Annotations
- (- -

+ B E B E H @ 04 RepeatMasker - TREPplus
-

B EBEH @ 02a Barley FL-cDNA
“ B B E H @ 02a wheat FL-cDNA

* DBEEEH02a T. aestivum ESTs

w B EEBEHH02a CDS from genome models

il

Popup window to retrieve gene
structural & functional
annotation information, and
download sequences

(MRNA, CDS, protein).

A quick graphical overview of gene
models with a color code system to
assess the confidence of structural
annotation and biological evidences.

nctional Gene Annotations

Br - TRE&

L —
g Global informations D
Type : mMRMNA
Start position : 8122
End position : 11021
Length : 2000
Strand : +
[ ____ Additional informations
Function coverage: 9012
Function target : P93832 (35..309)
Function identity : 81.92
Structure target: Cat01_tplb0041124
known_function - LEU32_ARATH SwissProt_DB 3-isopropylmalate
Annotation : dehydrogenase 2 chloroplastic OS Arabidopsis thaliana GN IMDH2 PE2 8V
1
Parent feature : A20_01_NIAS_8122_11021_gene_0002
[ Sub features |
Sub structure : :’gé?or;g?ﬁ;f}eature contains 11 exon(s) - ( 5'UTR region(s) 1 - 3UTR |
Get complete CDS : Display / Download 1
Get protein : Display / Download
T Usetuiilinks _ |
Zoomin: Zoom on the feature region
Gbrowse details page : Show all details L
Get BAC segment : Display genomic sequence / Download genomic sequence b |
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Download data

Trisnnot Pipeline My Analyses My profile — Admin — about Tridnnot

MY TRIANNOT PIPELINE ANALYSES
(Pending (0) | (Running (0) | [Finished (18) ] (Failed (0) ] All (18) |

Search: ' Show|15 vI entries

# . =
. Sequence = Pipeline TriAnnot
[T status |Submittedy  Progress pr:;l:::::d Tite Sequence Langth Started | Finished Tampiate i
12-10-24 102 Test Rice Default Rice_test 998220 12-10-24 |12-10-25 |Rice 3.6
[ - 14141 L 100% 14:44 08:01 default
-
analysis
12-10-24 22 Test Oak Default ASN_A_SE10_P2_137232bp 137232 12-10-24 |12-10-24 |Oak 3.6
M & &3 1490 [1100% 14:44  |22:16 default
analysis
12-10-24 8 Test Barley Default seq0Ol 191655 |12-10-24 |12-10-25 |Barley 3.6
r & 8% 1440 . 100% - 14:44  |10:36  |default
analysis
12-10-24 18 Test bacSynth12 Default Synth12 127860 12-10-24 [12-10-24 |Wheat 3.6
= 114:39 e 14:40 16:27 default
F A= 1100% ) difais
Annotation

S Analyses is waiting in the queue for a free slot
%2 Analyses is in progress

¥ Analyses has been processed successfully

X Analyses has failed




Manual curation

E ) TribnnotResulks 00016
) EMEL
) GFF
) e Fi

) skquences

GenomeView (1838)

http://genomeview.org/

Abeel et al. (2011) Nucleic Acids Res. doi: 10.1093/nar/gkr995

Artemis (13.2.0)

L i T [

[EELTY 000

http://www.sanger.ac.uk/resources/software/artemis/
Carver et al. (2008) Bioinformatics 24, 2672-2676

Apollo (1.11.6)

http://apollo.berkeleybop.org/current/index.htmi
Lewis et al. (2002) Genome Biology 3, research0082
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Artemis

f Artemis Entry Edit: 9 { Artemis Entry Edit: 9_GENEMODEL.embl

Rutherford et al. (2000)
Bioinformatics 16:944-945

\ Artemis Entry Edit:

_GENEMODEL.embl

Artemis Entry Edit: 9_GENEMODEL.embl

File Enptries @Select Y¥iew Goto Edit Create Bun Graph Display

File Entries Sele File Entries Zelect ¥iew CGoto Edit Create } File FEntries Select View Goro Edit Create Bun Graph Display
Entry: [v] 9 GENEMOL Entry: [v]9_GEWEMODEL.embl Entry: [v] 9 GENEMODEL. emhl Entry: [v]3 GENEMODEL.embl
3 selected bages on 21 selected bases on reverse strand: 104789..1048 3 selected bases on rewerse strand: 93053..93061 = complement (23955..23957) Selected feature: bases 13958 awino acids 465 CD¥  (/color=7)
GC Content (%) Windoy |GC Content £%) Window size: 120 GC Content (%) Window size: 120 GC Content (%) Window size: 120
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GenomeView

Thomas Abeel
Broad Institute

Genomeh‘iew 1 1305
File Edit MNawvigation Selection Plugins Help
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Sequences

= () TridnnotResults 00016

) EMEL

) GFF
) Other Files

) sequences

Mame = Size | Tvpe
ﬂ initial.seq 116 KB SEQ File
m prokeins, seq J3KBE SEQ File
ﬂ TE_and_Genes_lower_case_masked.seq 116 KB SEC) File
ﬂ TE_and Genes_M_masked,seq 116 KB SEQ File
ﬂ TE lower_case_masked.seq 116 KB SEQ File
ﬂ TE_M_masked.seq 116 KB SEC) File

wan QBT




>A20_SIMsearch_85867_ 87288 gene 0001 _mRNA_ 0001
MKHAAALLLILAAAALVLLILAPAAHVLLPSAQYHWLNPEIHDAGGLSRQ 1
GFPEGFVFGTATSAYQVEGMAEQGGRGPSIWDAFIKIPGTIPGNGTANVA p r O t el n S . S eq
VDEYHRYKEDVDIMKNMGFDAYRFSISWSRIFPDGTGKVNWEGVGYYNRL
IDYMLQQGITPYANLYQYDLPLALHQQYLGWLSPRIVGAFADYADFCFKV
FGDRVKNWFTFNEPRCVAALGYDIGLHAPGRCSQCSAGGDSTTEPYLAAH
HLILSHAAAVRRYRDKYQVRLTEDYLQVISQFKNHIFNGSA*
>A20_SIMsearch_13417_20382_gene_0002_mRNA_0001
MGEYCAPAAAAEAEGERPVAVSVLPLPPVAAAGRYLYGDYDRCSTKQVFD
NLHGNISLDPLAREFVDTEEFQRLRDLKQLGLTYLVFPGAVHTRFEHSLG
VYRLAGEAMNNLQKYQGNELGIDRIDVQTVKLAGLLHDIGHGPFSHLFEH
EFLPRVHPGSTWSHEHMSALLLDSIVDKHAIDIEPDYLKVIKEMIVASSD
VSTAEGVKEKRFLYDIVANGRNGIDVDKFDYIDRDCRACGIGSNFQHWRL
LEGMRVMGDEICYPAKDYLSIHKLFTTRADLHRTVYTHAKVKAVELMLVD
ALVEANEYLGISLHADDPEDFWKLDDTIVKSIETAPNDELKKAKEIIQRI
RRRELYKFCNQYSVPKDKLDHFKNITAQDIVCSQITSKVLLKEEDVAVSN
VKIDLTRGKDNPLESSVVMPGFRMRREVPDNGRAREPPAARVQPGQDREG

VRQEAGAGGGGVGGV*
>A20_SIMsearch_8122_11021_gene_0003_mRNA_0001
MTQLQAAPLKTLSFSGRRSAVAAARPRHATATFRCSDAARSYITLLPGD
GIGPEVVAVAKDVLSAAGAKEGVELRFREMLMGGAALDAVGVPLPDETLA
AAQASDAILLGAIGGYKWDSNEKHLKPETGLLNIRAGLGVFANLRPATVL
PQLVDASTLKKEVAEGVDIMVVRELTGGIYFGQPRGFGTNDMGEEIGFNT
EIYSVSEIDRIARVAFEVARKRGGKLCSVDKANVLEASMLWRKRVTAIAS
EFPDVELSHMYVDNASMQLVRNPKQFDTIVTNNIFGDILSDEASMITGSI
GMLPSASVGESGPGLFEPIHGSAPDIAGQDKANPLATILSAAMLLKYGLG
AETAAKRIETAVTETLDNGFRTGDIYSPGTTLVGCKRMGEEVLKALESQK

*

>A20_EUGENE_16_854_gene_0001_mRNA_0001
MKHAAALLLILAAAAHVLLPWAQCHRLNPEIHDAGGLSRQGFPEGFVFGT
AASAYQVEGMAEQGGRGPSIWDAFIKIPGTIAGNGTADVAVDEYHRYKVC
IEDVDIMKNMGFDAYRFSISWSRIFPDGTGKVNWEGVDYYNRLIDYMLQQ
GNWNFYTRQEA*

>A20_EUGENE_50225_50590_gene_0004_ mRNA_0001
METQAPPASLDLSLALATMPQPLPPPAAAAPPLSLQAAGDAVSSAVAGAG
WKVFSCLFYEKKFLKSQALGGHQNAHRKDRGAAGWNASLYLPAADRPWPP
TTATSHPEIGDENQLDLSLKL*
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Rules of GFF & EMBL files naming

http://urgi.versailles.inra.fr/Species/Wheat/Triannot-Pipeline/Usage

e EMBL folder

o In each folder files are tagged and follows the following rules:

= A number related to the step number

= The type of programs i.e. REPATMASKER; AUGUSTUS; BLASTX; BLASTN;BLASTP; EXONERATE;
EUGENE; GENEMODEL; BESTHIT, TRNASCAN-SE; TRF.

= The databank used (see databanks ). When no databank is used, just the type of program is displayed i.e.

TRF. For ab initio gene prediction programs the matrix used is displayed i.e. AUGUSTUS_wheat.
= Extension.embl

o Few examples

Step1 - Transposable Elements annotation & masking
= 1_REPEATMASKER_TREP_plus.embl

n Step2 - BLASTx against TREPprot

= 2 BLASTX_TREP_prot.embl 2 BLASTX TREP_ prot.embl

» Stepd - ab initio gene prediction
= 5 AUGUSTUS wheat.embl

m Step6 - BLASTn / Exonerate

= 6 BLASTN cdsBdJGl.embl
m 6 BLASTN_ cdsOsIRGSP.embl
n efc.

trangj& u




Protein alignments

= () TridnnokResults 00016

") EMEL

) GFF
) Other Files

) sequences

10_BESTHIT_BLASTP_nr.align
10_BESTHIT_ELASTP protBdIal.align
10_BESTHIT _BLASTP_praotHOR., align
10_BESTHIT EBLASTP protosIRGSP.align
10_BESTHIT _BLASTP_protPlant.align

10 _BESTHIT BLASTP protZmMso, align

) M ] e ) B
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EMBL files

= () TridnnokResults 00016

") EMEL

) GFF
) Other Files

) sequences 14]1_REPEATMASKER_TREF_plus,embl
4] 2_BLASTX_TREP_prat.embl

4] 5_ALGUSTUS _wheat. embl

4] 6_BLASTM_cdsBdIsL.embl

4] 6_BLASTN_cdsOsIRGSP. embl
4] 6_BLASTM_cdsOsMSU. embl

4] 6_BLASTM_cdsShDOE. embl

4] 6_BLASTH_cdsZmMS0.embl

4] &_BLASTM_HvFL.embl

4] 6_BLASTH_SIMnuc_wheat.embl
4] 6_BLASTM_TaEST.embl

4] 6_BLASTN_TaFL.embl
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4] 1_REPEATMASKER_TREP_plus.embl
4] z_BLASTX_TREP_prat.embl
14]5_AUGUSTUS wheat.embl G
4] 6_BLASTM_cdsBdIST.embl

4] &_BLASTN_cdsOsIRGSP, embl

4] &_BLASTN_cdsOsMSL. embl

4] &_BLASTM_cdsShDOE, embl

4] 6_BLASTH_cdsZmMS0. embl

4] 6_BLASTM_HvFL.embl

4] &_BLASTM_SIMnuc_wheat. embl
4] 6_BLASTM_TaEST.embl

4] & BLASTM_TaFL.embl

1] 6_EXOMERATE _cdsBdIGL.embl
1] 6_EXOMERATE _cdsOsIRGSP.embl
1] 6_EXOMERATE _cdsOsMSL. embl
1] 6_EXOMERATE _cdsShOOE. embl
1] 6 _EXOMERATE _cdsZmMSo.embl
1] 6 _EXOMERATE_HvFL.embl

j 6_ExOMERATE _SIMnuc_wheat, embl
i]6_EXOMERATE_TaEST.embl

1] 6_EXOMERATE_TaFL.embl

4] 7_BLASTY_protBdIal. embl

4] 7_BLASTY_protHOR. embl
j?_EIL.ﬂ.ST:-;'J:erI:GSIRGSF‘.EmI:uI
4] 7_BLAST_praotosMsUL embl

4] 7_BLASTY_protShDOE. embl

4] 7_BLASTY_protTRIembl

4] 7_BLASTY_protZmMsc.embl

4] 7_BLASTY_refSeqPinPrat.embl
4] 7_BLASTX_SIMprat_wheat.embl
j 7_BLASTY_uniprok_sprot, embl
1] 7_EXOMERATE _protBdIGL.embl
1] 7_EXONERATE _protHOR.embl

4] 7_EXOMNERATE_protOsIRGSP.embl
ﬂ?_E:{GNER.ﬁ.TE _prakQskSLU, embl

4] 7_EXOMERATE _protShOOE. embl

4] 7_EXOMERATE_protTRI.embl
ﬂ?_EKGNERP.TEJ:urDtEmMSCJ.Eml:ul
ﬂ 7_EXOMERATE refSeqPInProt.embl
ﬂ 7_EXOMERATE_SIMprok_wheat,embl
ﬂ 7_EXOMERATE _uniprok_sprot, embl

14]6_EUGENE.embl
4] 9_GEMEMODEL embl G

14] 10_BESTHIT_BLASTP_nir.embl

4] 10_BESTHIT_BLASTP_protAtTAIR. embl
4] 10_BESTHIT_ELASTP_protBdIGLembl
4] 10_BESTHIT_BLASTP_protHOR.embl
4] 10_BESTHIT_BLASTP_protOsIRGSP.embl
4] 10_BESTHIT_BLASTP_protOsMsULembl
4] 10_BESTHIT_BLASTP_protPlant.embl
4] 10_BESTHIT_BLASTP_protSac,embl
14] 10_BESTHIT_BLASTP_protShOOE, embl
4] 10_BESTHIT_BLASTP_protTRI.embl
4] 10_BESTHIT_BLASTP_protZmMSc, embl
1] 10_EXCMNERATE_nr.embl

4] 10_EXCMERATE_protatTAIR, embl

4] 10_EXCOMERATE_protBdIGLembl

4] 10_EXOMERATE_protHOR. embl

1] 10_EXCOMNERATE_protOsIRGSP.embl
1] 10_EXCMERATE_protosMsL.embl

ﬂ 10_ExOMERATE_prokPlant,embl

4] 10_EXCOMNERATE_protSac. embl

1] 10_EXOMERATE_protShDOE. embl

1] 10_EXCOMNERATE_protTRI.embl

4] 10_EXCMNERATE_protZmMS. embl

4] 11_INTERPROSCAN embl €

ﬂ 1Z2_BLASTN_genodtTAIR, embl
4] 12_BLASTN_genoBdGL.embl
ﬂ 12_BLASTN_genoDsIRGSP. embl
4] 12_BLASTN_genaCsM3L.embl
4] 12_BLASTN_genoSbDioE, embl
4] 12_BLASTN_genoZmM50. embl
ﬂ 12_BLASTMN_ref3eq_chloro.embl
4] 12_BLASTHN_refSeq_mita.embl
4] 13_BLASTY_protAtTAIR. embl
4] 13_BLASTY_protBdIal.embl

ﬂ 13_BLASTS_prokQsIRGSP. embl
ﬂ 13_BLASTS_prokQsksU, embl
4] 13_BLASTY_protShDOE.embl
ﬂ 13_BLASTx_protZmMac, embl
4] 14_TRMASCAN-SE. embl

4] 15_TRF. embl

Gene Annotation

Avoid to open empty

files with GenomeView!
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9 GENEMODEL.embl

Functional
annotation

tran : \

ID

AC
KK
KA
FH
FH
FT
FT
FT
FT
FT
FT
FT
FT
FT
BT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT

FT
FT
FT
FT
FT
FT
BT
FT
FT
BT
FT
FT
BT
FT
T

FT
FT

unknown;

unknown;

Key

gene

mRNA

exon

exon

exorn

2xon

CDhs

linear; unassigned DNA; STD; UNC; 117015 BP.

Location/Qualifiers

complement (13417..20382)

/locus_tag="AZ0 CATO1 1"

/color="223 38 56"

/label=CATO1

/id="AZ0 NIAS 13417 20382 gene 0O0O01™

complement (13417..20382)

/locus_tag="AZ0 CATO1 27

/colorp="223 38 58"

/label=CAT01

/1d="AZ0 NIAS 13417 20382 gene_ 0001 _mRNA_ 00017
complement (13417..13642)

/locus tag="AZ0 CATO1 3"

/colop="223 3§ 5&"

/label=CAT0O1

fid="AZ0 NIAS 13417 13642 gene 0001 mRNA 0001 exon 00017
/note="0Ontoclogy_term: S0:00002027

complement (13660, .13894)

/locus_tag="AZ0_ CATO1 4"

/color="223 38 5&"

/label=CATO1

/id="AZ0 NIAS 13660 13894 gene 0001 mRNA 0001 exon 00027
/note="0Ontology_term: S0:00000047
complement (13984..14111)

complement (20152..20382)

/locus_tag="AZ0 CATO1 21"

Jcolor="223 38 567

/label=CATO1

/id="A20 NIAS 20152 2038Z gene 0001 mRNA 0001 exon 00197
/note="0Ontology term: 30:0000z200"™

complement (join(l13869..13894,13984..14111,14318..14409,

14507..14587,146593..14754,14883..
15652..15707,16392..16454,16555..
17016..17106,17298..17382,17450..
18140..18162,18260..18257, 20152..
/locus tag="AZ0 CATO1 22"
/color="223 38 5&"

/label=CATO1
/1d="AZ0_NIAS 13417 20382 _gene_ 00

14675,15469..15542,
16622, 16706, . 16744,
17501, 17598..17704,
20331))

01 _mRNA_ 0001 joinedCDS"

/note="Similar to: HMMScan - domain containing protein --»>

PF01966.15 - HD domain (1.6e-13)"

/note="Structure target: Catl0l tplbi006012™

gene 8lz22..11021
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V3.6

This is not a tutorial about how
to annotate a sequence ©

GenomeView (1838)

http://genomeview.org/

Abeel et al. (2011) Nucleic Acids Res. doi: 10.1093/nar/gkr995
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Check list 1

v" Build a curation repertory without empty files / BLAST files / SIMsearch files
v' File / Load data... / local file/9 GENEMODEL.embl

=  Zoom and move (4 ways - the best = up/down/right/left keys) => 2nd gene

= Track list

tranﬁ B


D:/PROGRAMS_Actifs/GenomeView1838/genomeview-1838.jar

With GenomeView the user needs the correspondence
between the embl file name and the feature name of the
track keys (wheat full analysis- TriAnnot 3.6).

1 REPEATMASKER_TREP plus =» repeat_region

1 REPEATMASKER_TREP_nr =» repeat_region

1 REPEATMASKER_TREP_total =» repeat_region

1 REPEATMASKER_ALL_Repbase = repeat_region

1 REPEATMASKER_MIPS repeat =» repeat_region

1 REPEATMASKER_TIGR_Fam_Repeats =» repeat_region
1 REPEATMASKER_TIGR_GSS Repeats =» repeat_region

1 REPEATMASKER_univec =» repeat_region
1 REPEATMASKER_Ecoli =» repeat_region

2_BLASTX_TREP_prot = BLASTX_TREP_pro
5 AUGUSTUS_wheat = AUGUSTUS_wheat

5 FGENESH =» FGeneSH

5 GENEID =» GenelD

5 GMHMM_wheat @ GMHMM_wheat

8 EUGENE =» Eugene

9 GENEMODEL =» gene/ mRNA/exon/ CDS
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6_EXONERATE_AtFL = EXO_N_AtFL
6_EXONERATE_HVFL = EXO_N_HvFL
6_EXONERATE_OsFL = EXO_N_OsFL
6_EXONERATE_PInFL & EXO_N_PInFL
6_EXONERATE_PoaFL & EXO_N_PoaFL
6_EXONERATE_PpFL = EXO_N_PpFL
6_EXONERATE_PtFL & EXO_N_PtFL
6_EXONERATE_RosiFL & EXO_N_RosiFL
6_EXONERATE_TaFL = EXO_N_TaFL
6_EXONERATE_ZmFL = EXO_N_ZmFL

6_EXONERATE_HVEST & EXO _N_HVEST
6_EXONERATE_OsEST & EXO_N_OsEST
6_EXONERATE_QuerEST = EXO_N_QuerEST
6_EXONERATE_SOEST =& EXO_N_SoEST
6_EXONERATE_TaEST & EXO_N_TaEST
6_EXONERATE_ZmEST & EXO_N_ZmEST

6_EXONERATE_rnaSeq_wheat =» EXO_N_rnaSeq_wh

6_EXONERATE_AT_unigene = EXO_N_AT _unigen
6_EXONERATE_BD_unigene = EXO_N_BD_unigen
6_EXONERATE_HV_unigene = EXO_N_HV_unigen
6_EXONERATE_OS_unigene = EXO_N_OS_unigen
6_EXONERATE_PP_unigene = EXO_N_PP_unigen
6_EXONERATE_PT_unigene =» EXO_N_PT_unigen
6_EXONERATE_QR_unigene = EXO_N_QR_unigen
6_EXONERATE_SB_unigene = EXO_N_SB_unigen
6_EXONERATE_SO_unigene = EXO_N_SO_unigen
6_EXONERATE_TA_unigene = EXO_N_TA _unigen
6_EXONERATE_VV_unigene = EXO_N_VV_unigen
6_EXONERATE_ZM_unigene = EXO_N_ZM_unigen

6_EXONERATE_cdsAtTAIR =» EXO_N_cdsAtTAIR
6_EXONERATE_cdsBdJGI = EXO_N_cdsBdJGI
6_EXONERATE_cdsOsIRGSP =» EXO_N_cdsOsIRGS
6_EXONERATE_cdsOsMSU =» EXO_N_cdsOsMSU
6_EXONERATE_cdsPp = EXO_N_cdsPp
6_EXONERATE_cdsPt = EXO_N_cdsPt
6_EXONERATE_cdsSbDOE =» EXO_N_cdsSbDOE
6_EXONERATE_cdsVv =& EXO_N_cdsVv
6_EXONERATE_cdsZmMSO = EXO_N_cdsZmMSO

6_EXONERATE_PInCpltCDS = EXO_N_PInCpltCD

6_EXONERATE_PINMrnaSTD = EXO_N_PInMrnaST
6_EXONERATE_P0oaMrnaSTD = EXO_N_PoaMrnaST
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7_EXONERATE_pepATH =» EXO_X_pepATH
7_EXONERATE_pepBDI = EXO_X_pepBDI
7_EXONERATE_pepOSA_IRGSP =» EXO_X_pepOSA_IR
7_EXONERATE_pepOSA_IMSU = EXO_X_pepOSA_MS
7_EXONERATE_pepPPE = EXO_X_pepPPE
7_EXONERATE_pepPTR = EXO_X_pepPTR
7_EXONERATE_pepSBI = EXO_X_pepSBI
7_EXONERATE_pepVVI = EXO_X_pepVVI
7_EXONERATE_pepZMA = EXO_X_pepZMA

7_EXONERATE_protATH=>» EXO_X_protATH
7_EXONERATE_protBDI = EXO_X_protBDI
7_EXONERATE_protHOR =» EXO_X_protHOR
7_EXONERATE_protOSA =» EXO_X_protOSA
7_EXONERATE_protPPE =» EXO_X_protPPE
7_EXONERATE_protPTR =» EXO_X_protPTR
7_EXONERATE_protSAC = EXO_X_protSAC
7_EXONERATE_protSBI = EXO_X_protSBI
7_EXONERATE_protTRI = EXO_X_protTRI
7_EXONERATE_protVVI = EXO_X_protVVI
7_EXONERATE_protZMA = EXO_X_protZMA

7_EXONERATE_protPlant = EXO_X_protPlant
7_EXONERATE_protPoa = EXO_X_protPoa
7_EXONERATE_protRos = EXO_X_protRos

7_EXONERATE_refSeqPInProt =» EXO_X_refSeqPIn
7_EXONERATE_uniprot_sprot = EXO_X_uniprot_s
7_EXONERATE_uniprot_trembl = EXO_X_ uniprot_t

10_EXONERATE_pepATH = EXO_P_pepATH
10_EXONERATE_pepBDI & EXO_P_pepBDI
10_EXONERATE_pepOSA_IRGSP & EXO_P_pepOSA_IR
10_EXONERATE_pepOSA_IMSU = EXO_P_pepOSA_MS
10_EXONERATE_pepPPE & EXO_P_pepPPE
10_EXONERATE_pepPTR = EXO_P_pepPTR
10_EXONERATE_pepSBI = EXO_P_pepSBI
10_EXONERATE_pepVVI = EXO_P_pepVVI
10_EXONERATE_pepZMA = EXO_P_pepZMA

10_EXONERATE_protHOR & EXO_P_protHOR
10_EXONERATE_protSAC = EXO_P_protSAC
10_EXONERATE_protTRI & EXO_P_protTRI

10_EXONERATE_protPlant = EXO_P_protPlant
10_EXONERATE_protPoa = EXO_P_protPoa
10_EXONERATE_protRos = EXO_P_protRos

10_EXONERATE_nr =» EXO_P_nr
10_EXONERATE_refSeqPInProt = EXO_P_refSegPIn
10_EXONERATE_uniprot_sprot = EXO_P_uniprot_s
10_EXONERATE_uniprot_trembl = EXO_P_uniprot_t
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12_BLASTN_embl_pin = BLASTN_embl_plIn

12_BLASTN_embl_est_pln = BLASTN_embl_est
12_BLASTN_embl_gss_pln = BLASTN_embl_gss
12_BLASTN_embl_htc_pin =» BLASTN_embl_htc
12_BLASTN_embl_htg_pln = BLASTN_embl_htg
12 BLASTN_embl_pat_pln = BLASTN_embl_pat

12 BLASTN_embl_sts pln = BLASTN_embl_sts 11_INTERPROSCAN =» misc_feature
12 BLASTN_embl_tsa pln = BLASTN_embl_tsa

12 BLASTN_embl_wgs pin = BLASTN_embl_wgs 14 TRNASCAN-SE = tRNA

12 BLASTN_gencAtTAIR = BLASTN_genoAtTA 15_TRF =» tandem_repeat

12 BLASTN_genoBdJGI = BLASTN_genoBdJG

12 BLASTN_genoOsIRGSP = BLASTN_genoOsIR
12 BLASTN_genoOsMSU =» BLASTN_genoOsMS
12 BLASTN_genoPpe = BLASTN_genoPpe

12 BLASTN_genoPtr = BLASTN_genoPtr

12 BLASTN_genoSbDOE =» BLASTN_genoShDO
12 BLASTN_genoVvi = BLASTN_genoVvi

12 BLASTN_genoZmMSO = BLASTN_genoZmMS

12 BLASTN_refSeq_chloro = BLASTN refSeq ¢
12 BLASTN_refSeq_mito =» BLASTN_refSeq_m

13_EXONERATE_pepATH = BLASTX_pepATH
13_EXONERATE_pepBDI = BLASTX_pepBDI
13_EXONERATE_pepOSA_IRGSP & BLASTX_pepOSA_IR
13_EXONERATE_pepOSA_IMSU = BLASTX_pepOSA_MS
13_EXONERATE_pepPPE = BLASTX_pepPPE
13_EXONERATE_pepPTR 2 BLASTX_pepPTR
13_EXONERATE_pepSBI & BLASTX_pepSBI
13_EXONERATE_pepV/VI & BLASTX_pepVVI
13_EXONERATE_pepZMA = EBLASTX_pepZMA
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Check list 1

v" Build a curation repertory without empty files / BLAST files / SIMsearch files
v" File / Load data... / local file/9 GENEMODEL.embl

Zoom and move (4 ways - the best = up/down/right/left keys) => 2nd gene
. Track list

Exon/CDS/Gene Structure (hidden) — keep exon

Clic on exon / CDS - shadow bands (last exon)

Details on selected items (windows on the right)

CTRL E on exon (label=Category / functional Annotation)

Change label=3-isopropylmalate dehydrogenase 2 chloroplasticl
" problem with save

" See Query: Google, NCBI (Ensembl, Plaza)

Add Track exon, first exon =» Start / Stop / Intron-Exon junctions (problem first Do/Ac)

v Biological Evidences (BLASTn; BLASTX; BLASTp — best hits)
. EXO_N/EXO_X/EXO_P =» move tracks / compact tracks
Correction of Do/Ac first 2 junctions — expand last exon
= PoaFL / HvFL / CDS
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D:/PROGRAMS_Actifs/GenomeView1838/genomeview-1838.jar
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Check list 2

v' Biological Evidences (BLASTn; BLASTX; BLASTp — best hits)
=  EXO X
" EXO_P (case of empty file =» see files on repertory)
. See “Other files” =» multiple alignment pepBDI & protHor

v' Case of the last Gene (wrong gene model as seen on the Gbrowse)
= Open all the following evidences
=  Wheat RNA-seq / FL-cDNA (keep FL-cDNA)
= Ta_unigene (delete an item)
. Hv_FL (keep FL-cDNA)
" CDS/EXO_X (compact) / EXO_P

. InterProScan
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Check list 3

An example with Augustus Gene Model

v" Conserved Non-coding Sequences — CNSs : 12 ; 13 ; tRNAs

v" SSRs

Clone feature — change type to CDS
Select 2 exons = split (CTRL/Caps)
Take the first Met

Clone wheat FL-cDNA and keep the missing exon => change type to CDS

Merge the tows CDS
Check Expasy (Viridiplantaea, no filter, 50, 50, 0,0001)
Navigation/Search aa sequence

Keep this gene (label=pseudo)

v' TEs (Wicker’s code)
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Check list 4

v/ Save annotation with an other name (gene/CDS/exon/mRNA)
=  See the file with wordpad

Save Session

Re open a previous analysis

Recover previous annotation file =» trick

See the saved annotation with ARTEMIS
v Sub sequence function
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Integrative Databases for
Interoperability

Genetic maps and QTLs
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New Merge Model

New MergeGeneModel.pm
» Multiple input files
v’ Integrate manually curated genes

» Filtering predictions
v No overlapping evidences AND no BLAST hit

S. Theil
against plants proteomes & Transposases GDEC
> Validation against evidences
» Scoring

» Overlap with best blastp hit

* 9% of identity

« Validation score : nValid?/nAll

» Penalty for non canonical splice sites

» Choice of best gene model
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Two new independent code systems

Status > Full

v hit_coverage > 70%
» Pseudo

v 50% < hit_coverage < 70%
» Fragment

v hit_coverage < 50%

Confidence

L High confidence (clear evidences: start/stop/intron-exon junctions)

O Low confidence (no clear evidences : start/stop/intron-exon junctions)
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New color code system to assess the confidence
of the structural annotation *

3 Categories

Cat1 W W WSS Full - High Confidence (1)

Cat?2 | | | Full — Low Confidence

Cat 3 ii_ Pseudo & fragments

(1) This gene models do not need manual expertise

tran@ \ ™ TriAnnot v4.0 - Available beginning of 2013 % .? &IN%




Wheat chromosome 3B annotation validation

Annotation on assembly V4.2 (expected overlap) — 8 789 Protein-coding gene models

high_confidence

Full 4 136
Pseudo 769
Fragment 101
56%
Manually expertised
Full
validated 3029
not_validated 622
validated seq_problem 19
not validated seq problem 30
3700

After filtering

low_confidence

2 477 6613
692 1461
614 715

44%

Seq_problem : Ns | wrong splice site | frame shift

Pseudo Fragment
470 25
305 184
212 3
87 9
1074 221 4 995
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