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V3.5

Y Architecture

Y Web pages

TriAnnot is modular & paralyzed

Login / password, availability, reference, intellectual property, etc …

Y Color code system
Confidence of structural gene annotation
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Use a color code system to assess the confidence of the structural annotation
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CDS-genes derived from reference

S
IM

s
e

a
rc

h

Similarity

Cat 0 Manually curated transcripts 

Structural Annotation – 6 categories
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Cat 5 augustus

ab initio gene prediction only
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augustus + wheat-ESTs  +

SIMnuc + SIMprot

Cat 3 CDS-genes derived from reference

genomes annotation

ab initio & Similarity

ab initio
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Functional Annotation – 5 Classes
http://urgi.versailles.inra.fr/Species/Wheat/Triannot-Pipeline/Architecture



I

Transposable Elements

Initial sequence
( ~3 MB max)

II

Protein Coding Genes
Gene Modeling

FgeneSH, augustus
GeneMarkHMM, geneid

Transcripts

SIMsearch
ab initio & Transcripts

M
e

rg
e

 

Functional Annotation
known function 
putative function
domain containing protein 
expressed sequence
conserved unknown function
hypothetical protein

IW
G

S
C

g
u

id
e
li

n
eab initio

Similarity

Exonerate / Gmap

Masking

RepeatMaskerTEannot
(TREPcons)

k-mer frequency
(CS 3B 2X)

BLASTx
(TREPprot)

Panels

21 programs

73 databanks

TriAnnot Architecture

EuGene
ab initio & Transcripts

M
e

rg
e

 

ab initio 

augustus

Plant FL-cDNA, mRNA 
& ESTs

hypothetical protein

Best Hit (plant proteomes)

II
I

tRNAscan

Exonerate / Gmap

Exonerate

ncRNA

InterProscan (Pfam, Prosite, Smart, GO)

BLASTx
SwissProt, TrEMBL, Uniref, nr, 

NCBI  RefSeq proteins, Plant 

proteomes

BLASTn

Panel I & II
masking

A. thaliana, O. sativa, Z. mays, S. 

bicolor, B. distachyon, Plastids & 

Mitochondria

Plant proteomes

Conserved NCS

IV

Molecular Markers
Microsatellites (SSRs)

Tandem Repeat Finder (TRF)

miRNA (coming)

Non Coding Sequences

ISBPs

ISBPfinder (coming)



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



How to cite TriAnnot 

Paper accepted by Frontiers in Plant Genetics and Genomics
January 4th - edited by Dr. Takuji Sasaki 



The pipeline has many dependences.

Here is a non exhaustive list: Oracle, Grid
Engine, MySQL database, 73 databanks, Python,
Perl, BiopPerl, 21 bioinformatics softwares that
are used (ie. blast, RepeatMasker, exonerate,
FGeneSH (license), GTallymer, ...).

TriAnnot uses also other pipelines such as
TEannot and EuGene that will be quite difficult to
install as well.install as well.

In addition, please note that TriAnnot has been
developed on the cluster (8.5 Tflop) at URGI and
as not yet been installed in another environment.



���� New deposit underway for TriAnnot v3.5









Later we will add the history
of the TriAnnot pipeline







21 programs



73 databanks

Updated twice a year



Wheat

� Barley, Rice, Maize, Sugarcane, Oak





Since 2006 …





V3.5

Y New Interface

4:05 – 4:25 New Interface N. Guilhot
Download

GBrowse

Y New Interface

Y Download TriAnnot output files

Y New GBrowse











<?xml version="1.0" encoding="ISO-8859-1"?>

<analysis triannot_version="3.5" description="Wheat_default.xml -

Default Analysis - October 21th, 2011 - Ph Leroy">

<!-- Transposable Annotation and Masking -->

<program id="1" step="1" type="RepeatMasker" sequence="initial">

<parameter name="database">TREP_plus</parameter>

</program>

Analysis Template file overview

<program id="2" step="1" type="SequenceMasker" sequence="initial">

<dependences>

<dependence id="1" type="RepeatMasker"/>

</dependences>

<parameter name="masked_sequence">TE_N_masked.seq</parameter>

<parameter name="masking_mode">N</parameter>

<parameter name="input_type">XM</parameter>

</program>

...



Analyses is waiting in the queue for a free slot

Analyses is in progress

Analyses has been processed successfully

Analyses has failed

View results with GBrowse

Download results file



Email sent when analysis is done

Dear Philippe Leroy,

Results for the following TriAnnot analysis are available for 

download:

16 - "Scaffolds A20" submitted on "2011-12-20 13:18:01"

You can download results files from "My Analyses" section 

on TriAnnot pipeline web interface.

http://urgi.versailles.inra.fr/triannot/?results



Download output files



Sequences



>A20_NIAS_13417_20382_gene_0001_mRNA_0001

MGEYCAPAAAAEAEGERPVAVSVLPLPPVAAAGRYLYGDYDRCSTKQVFD

NLHGNISLDPLAREFVDTEEFQRLRDLKQLGLTYLVFPGAVHTRFEHSLG

VYRLAGEAMNNLQKYQGNELGIDRIDVQTVKLAGLLHDIGHGPFSHLFEH

EFLPRVHPGSTWSHEHMSALLLDSIVDKHAIDIEPDYLKVIKEMIVASSD

VSTAEGVKEKRFLYDIVANGRNGIDVDKFDYIDRDCRACGIGSNFQHWRL

LEGMRVMGDEICYPAKDYLSIHKLFTTRADLHRTVYTHAKVKAVELMLVD

ALVEANEYLGISLHADDPEDFWKLDDTIVKSIETAPNDELKKAKEIIQRI

RRRELYKFCNQYSVPKDKLDHFKNITAQDIVCSQITSKVLLKEEDVAVSN

VKIDLTRGKDNPLESSVVMPGFRMRREVPDNGRAREPPAARVQPGQDREG

VRQEAGAGGGGVGGV*

>A20_AUGUSTUS_8122_11021_gene_0002_mRNA_0001

MTQLQAAPLKTLSFSGRRSAVAAARPRHATATFRCSDAARSYIITLLPGD

GIGPEVVAVAKDVLSAAGAKEGVELRFREMLMGGAALDAVGVPLPDETLA

AAQASDAILLGAIGGYKWDSNEKHLKPETGLLNIRAGLGVFANLRPATVL

PQLVDASTLKKEVAEGVDIMVVRELTGGIYFGQPRGFGTNDMGEEIGFNT

proteins.seq

PQLVDASTLKKEVAEGVDIMVVRELTGGIYFGQPRGFGTNDMGEEIGFNT

EIYSVSEIDRIARVAFEVARKRGGKLCSVDKANVLEASMLWRKRVTAIAS

EFPDVELSHMYVDNASMQLVRNPKQFDTIVTNNIFGDILSDEASMITGSI

GMLPSASVGESGPGLFEPIHGSAPDIAGQDKANPLATILSAAMLLKYGLG

AETAAKRIETAVTETLDNGFRTGDIYSPGTTLVGCKRMGEEVLKALESQK

*

>A20_EUGENE_16_854_gene_0001_mRNA_0001

MKHAAALLLILAAAAHVLLPWAQCHRLNPEIHDAGGLSRQGFPEGFVFGT

AASAYQVEGMAEQGGRGPSIWDAFIKIPGTIAGNGTADVAVDEYHRYKED

VDIMKNMGFDAYRFSISWSRIFPDGTGKVNWEGVDYYNRLIDYMLQQGNW

NFYTRQEA*

>A20_EUGENE_50225_50590_gene_0005_mRNA_0001

METQAPPASLDLSLALATMPQPLPPPAAAAPPLSLQAAGDAVSSAVAGAG

WKVFSCLFYEKKFLKSQALGGHQNAHRKDRGAAGWNASLYLPAADRPWPP

TTATSHPEIGDENQLDLSLKL*



Result files in GFF and EMBL format

In addition the TriAnnot pipeline provides a file 

which can be used with the graphical viewer 

GBrowse and the appropriate configuration file.

16_Selector_A20.gff



Rules of GFF & EMBL files naming
http://urgi.versailles.inra.fr/Species/Wheat/Triannot-Pipeline/Usage

2_BLASTX_TREP_prot.embl



Protein alignments



Viewing TriAnnot results with GBrowse



Gbrowse selecting tracks



Viewing TriAnnot results with GBrowse



Viewing TriAnnot results with GBrowse



Viewing feature details with GBrowse



4:25 – 5:25 How to use P. Leroy &

output files N. Guilhot
with your own computer

V3.5

Y GenomeView (1838)
http://genomeview.org/

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

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

Y Artemis (13.2.0)
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.html
Lewis et al. (2002) Genome Biology 3, research0082



Gene AnnotationGene Annotation



GenomeView (1838)

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





9_GENEMODEL.embl

Functional
annotation



• File / Load data… / local file/9_GENEMODEL.embl

• Zoom and move

• Features (list Name) 

• Exon/CDS/Gene Structure (hidden) 

• Clic on exon / CDS � shadow bands

• CTRL E on exon (window on the right)

• Class of the Structural annotation

Gene 2: 39717..43017
Ctg954 (3 Mb)

• Class of the Structural annotation
• see Structure_target



Structural Annotation

Use a color code system to assess the confidence of the structural annotation

Cat 1

Cat 2

Wheat FL-cDNAs

Cat 3

Poaceae FL-cDNAs

CDS-genes derived from reference

S
IM

s
e

a
rc

h

Similarity

Cat 0 Manually curated transcripts 

Cat 4

Cat 5 augustus

ab initio gene prediction only

EuGene Combiner :

augustus + wheat-ESTs  +

SIMnuc + SIMprot

Cat 3 CDS-genes derived from reference

genomes annotation

ab initio & Similarity

ab initio



• File / Load data… / local file/9_GENEMODEL.embl

• Zoom and move

• Features (list Name) 

• Exon/CDS/Gene Structure (hidden) 

• Clic on exon / CDS � shadow bands

• CTRL E on exon (window)

• Class of the Structural annotation

Gene 2: 39717..43017
Ctg954 (3 Mb)

• Class of the Structural annotation

• see Structure_target

• Class of the Functional annotation
• see Function_target



Functional Annotation
http://urgi.versailles.inra.fr/Species/Wheat/Triannot-Pipeline/Architecture



• File / Load data… / local file/9_GENEMODEL.embl

• Zoom and move

• Features (list Name) 

• Exon/CDS/Gene Structure (hidden) 

• Clic on exon / CDS � shadow bands

• CTRL E on exon (window)

• Class of the Structural annotation

Gene 2: 39717..43017
Ctg954 (3 Mb)

• Class of the Structural annotation

• see Structure_target

• Class of the Functional annotation

• see Function_target

• Zoom
• Meth – stop codon
• Intron / Exon junctions (Do/Ac)

• Blue box on top – expand / move



• Rename the Label: fructose-bisphosphate aldolase 3

• See CDS Name on the right
• See Query: Google, NCBI, Ensembl, Plaza

Gene 2: 39717..43017
Ctg954 (3 Mb)





• FL-cDNA
• Wheat  / Barley 

• delete wheat FL features

• hidden Barley

• case of BLASTn (Ta) then delete

• TEs

• extension of 5’ exon/mRNA/gene start (copy/paste FL 5’ position)

6_EXONERATE6_EXONERATE
BLASTNBLASTN Gene 2: 39717..43017

Ctg954 (3 Mb)

9_GENEMODEL.embl9_GENEMODEL.embl





• Wheat ESTs
• confirm the 5’ end and intron junctions Gene 2: 39717..43017

Ctg954 (3 Mb)

6_EXONERATE6_EXONERATE
BLASTNBLASTN

9_GENEMODEL.embl9_GENEMODEL.embl





Gene 2: 39717..43017
Ctg954 (3 Mb)

• Wheat ESTs
• confirm the 5’ end and intron junctions

• CDS other species
• keep the best one for biological evidences

• move track list
6_EXONERATE6_EXONERATE

BLASTNBLASTN

9_GENEMODEL.embl9_GENEMODEL.embl





• exonerate-BLASTX other species
• hidden CDS 

• hidden RefSeq

Gene 2: 39717..43017
Ctg954 (3 Mb)

7_EXONERATE7_EXONERATE
BLASTXBLASTX

6_EXONERATE6_EXONERATE
BLASTNBLASTN

9_GENEMODEL.embl9_GENEMODEL.embl

• hidden RefSeq

• keep the best biological evidences

• SwissProt

• CTRL E => functional annotation - Q9ZU52





Gene 2: 39717..43017
Ctg954 (3 Mb)

7_EXONERATE7_EXONERATE
BLASTXBLASTX

6_EXONERATE6_EXONERATE
BLASTNBLASTN

9_GENEMODEL.embl9_GENEMODEL.embl

• Hidden BLASTX

• Best hits 10_EXONERATE10_EXONERATE
BLASTPBLASTP



Protein alignments



>ctg954_3Mb_NIAS_39717_43017_gene_002_mRNA_0001

Bradi2g01350.1 Coverage: 100.00% Identity: 93.57%



• How to get the protein

• BLAST @ NCBI

• select all

• Alignments @ NCBI

• select 11 bests

Gene 2: 39717..43017
Ctg954 (3 Mb)

• select 11 bests

• Re-alignment @ NCBI

• Tree @ NCBI

• sequence label

• show sub tree on monocots | 4 leaves



BLAST @ NCBI

50 best-hits Evalue = 1e-5



BLAST result @ NCBI



Multiple alignments @ NCBI



Re-align @ NCBI

Brachypodium



Tree @ NCBI

Brachypodium distachyon

Same gene annotated by F. Choulet

Hordeum vulgare





Gene 2: 39717..43017
Ctg954 (3 Mb)

7_EXONERATE7_EXONERATE
BLASTXBLASTX

6_EXONERATE6_EXONERATE
BLASTNBLASTN

• Hidden Best hits 
• InterProScan

• misc_feature

• CTRL E

10_EXONERATE10_EXONERATE
BLASTPBLASTP

11_INTERPROSCAN11_INTERPROSCAN



• Create features from selection (Maj mouse)

• delete

• Create features from coordinates (Ta-FL)

• Merge CDS (CTRL-MAJ)

Gene 7: 1207699..1212541
Ctg954 (3 Mb)

• Merge CDS (CTRL-MAJ)

• Remove selected feature (or del – the all transcript)

• Remove selected location (for one exon)

• Clone selected feature (no for exon/gene/mRNA)

• Split features between two selected locations (on CDS only)

• merge again



Panel III

ConservedConserved NonNon--codingcoding

SequencesSequences -- CNSsCNSs



• 12_BLASTN - Plastid
• Extension blue bar / right arrow 
• Goto position 714001
• Check 

• FL-cDNA
• ESTs

Ctg954 (3 Mb)

• ESTs
• CDS
• augustus
• EuGene



Panel IV

Microsatellite markersMicrosatellite markers

SSRsSSRs



Panel I

Transposable ElementsTransposable Elements

TEsTEs



Transposable Elements “code”
Wicker et al. (2007) 

A unified classification 
system for eukaryotic 
transposable elements. 

Nature Reviews Genetics 
8:973-982



• Save Session

• Search / Sequence search (aa)

• Export image

• Configuration

• Save annotation

Ctg954 (3 Mb)

• Save annotation

• Keep: Gene/mRNA/Exon/CDS/

� no sequence

� the organization is different as a standard embl file

� see embl file



In summary for GenomeView you need the correspondence 

between the embl file name and the feature key.

1_REPEATMASKER_TREP_plus � repeat_region

2_BLASTX_TREP_prot ���� BLASTX_TREP_pro

5_AUGUSTUS_wheat  � AUGUSTUS_wheat

6_EXONERATE_cdsBdJGI � EXO_N_cdsBdJGI
6_EXONERATE_cdsOsIRGSP � EXO_N_cdsOsIRGSP
6_EXONERATE_cdsOsMSU � EXO_N_cdsOsMSU
6_EXONERATE_cdsSbDOE � EXO_N_cdsSbDOE
6_EXONERATE_cdsZmMSO � EXO_N_cdsZmMSO
6_EXONERATE_HvFL � EXO_N_HvFL
6_EXONERATE_TaEST � EXO_N_TaEST
6_EXONERATE_TaFL � EXO_N_TaFL

10_EXONERATE_nr � EXO_P_nr
10_EXONERATE_protAtTAIR � EXO_P_protAtTAI
10_EXONERATE_protBdJGIU � EXO_P_protBdJGI
10_EXONERATE_protHOR � EXO_P_protHOR
10_EXONERATE_protOsIRGSP � EXO_P_protOsIRG
10_EXONERATE_protOsMSU � EXO_P_protOsMSU
10_EXONERATE_protPlant � EXO_P_protPlant
10_EXONERATE_protSAC � EXO_P_protSAC
10_EXONERATE_protSbDOE � EXO_P_protSbDOE
10_EXONERATE_protTRI � EXO_P_protTRI
10_EXONERATE_protZmMSO� EXO_P_protZmMSO

11_INTERPROSCAN � misc_feature !!!!!!!!

12_BLASTN_genoAtTAIR � BLASTN_genoAtTA
6_EXONERATE_TaFL � EXO_N_TaFL

7_EXONERATE_protBdJGI � EXO_X_protBdJGI
7_EXONERATE_protHOR � EXO_X_protHOR
7_EXONERATE_protOsIRGSP � EXO_X_protOsIRGSP
7_EXONERATE_protOsMSU � EXO_X_protOsMSU
7_EXONERATE_protSbDOE � EXO_X_protSbDOE
7_EXONERATE_protTRI � EXO_X_protTRI
7_EXONERATE_protZmMSO � EXO_X_protZmMSO
7_EXONERATE_refSeqPlnProt � EXO_X_refSeqPln
7_EXONERATE_uniprot_sprot � EXO_X_uniprot_s

8_EUGENE ���� EUGENE

9_GENEMODEL ���� gene/mRNA/exon/CDS

12_BLASTN_genoAtTAIR � BLASTN_genoAtTA
12_BLASTN_genoBdJGI � BLASTN_genoBdJG
12_BLASTN_genoOsIRGSP � BLASTN_genoOsIR
12_BLASTN_genoOsMSU � BLASTN_genoOsMS
12_BLASTN_genoSbDOE � BLASTN_genoSbDO
12_BLASTN_genoZmMSO � BLASTN_genoZmMS
12_BLASTN_refSeq_chloro � BLASTN_refSeq_c
12_BLASTN_refSeq_mito � BLASTN_refSeq_m

13_BLASTX_protAtTAIR � BLASTX_genoAtTA
13_BLASTX_protBdJGI � BLASTX_genoBdJG
13_BLASTX_protOsIRGSP � BLASTX_genoOsIR
13_BLASTX_protOsMSU � BLASTX_genoOsMS
13_BLASTX_protSbDOE � BLASTX_genoSbDO
13_BLASTX_protZmMSO � BLASTX_genoZmMS

14_TRNASCAN-SE � tRNA
15_TRF � tandem_repeat



Artemis (13.2.0)
http://www.sanger.ac.uk/resources/software/artemis/
Carver et al. (2008) Bioinformatics 24, 2672-2676Carver et al. (2008) Bioinformatics 24, 2672-2676



Artemis (13.2.0)
http://www.sanger.ac.uk/resources/software/artemis/

• File/Open initial.seq

• File/Read an entry into (GenomeView EMBL)
• TEs

• Selected

• copy to initial

�Save as …

check

Gene 2: 39717..43017
Ctg954 (3 Mb)

check

• Wheat FL-cDNA
• Wheat ESTs
• Proteins (SwissProt)

• Best-hits (Prot Plant)
���� Delete entries

�Subsequence

� Save as …



V3.5

5:25 – 5:30 Conclusions P. Leroy &

N. Guilhot

Y Perspectives
New modules, new species

Y Acknowledgements



TEannot

CNSs

Initial sequenceInitial sequence

MaskingMasking

Structural annotation
- ab initio prediction

- Spliced Alignments

Gmap / Exonerate

- RNAseq mapping

Functional
annotation

Domains & GO

Best Hits

MaskingMasking

Panel I

Panel II

Panel III

Transposable
Elements

Protein 
coding genes

Non Coding 
Sequences

BLASTx MDRindex

Repeatmasker

ncRNA (tRNA, rRNA, miRNA, etc …)

Perspectives

InterProScan V5.0

Panel VGenome mapping

Panel VIPhylogenic tree mapping

Panel VIIPathway mapping

SSRs

Sequences

Panel IV
Molecular 
Markers

ISBPs SNPs

�Apply to other plant species (barley, rice, maize, sugarcane, oak)
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