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First Problem!

The world 

population  

increase

Arable land 

decrease

Necessity to increase by 

2% per year the yield by 

2050 (FAO)
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Second potential problem!

Climate 

changes

Yield evolution from 1956 to 2007

Yield 

stagnation
Genetic progress from 1985 to 2005
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Cook and Varshney (2010) 

Current Opinion in Plant Biology 13:115-118.

“Today genomics is the primary 

driver for unification in biological 

science”

Solutions …

Rice

Maize

Wheat

Selection: find rapidly 

adapted 

ideotypes

Genes

Alleles

Adequate alleles 

combination / Environment



Ph. Leroy /  A pipeline for Structural & Functional Annotation in Plants - TriAnnot 04 / 06 / 2013

Phenotype of 

traits

Genetic mapping Physical mapping Sequencing  &

Assembling &

Annotation

• Gene / Traits (QTLs)

• Gene structure? 

• Gene evolution?

• Gene expression?

• Gene regulation?

• Gene diversity?

Towards an integrated and ordered wheat genome sequence

QTLs
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Combine Genetics, 

Genomics & Bioinformatics

Pseudo-

molecules

Sequencing

Assembling

Contigs

Scaffolds

Structural 

&

Functional

Annotation

Artemis

GenomeView

Apollo

Information 

System  (DB)

Manual  

curation

Pipeline

Agronomic 

Traits

New Varieties

Biotic & Abiotic

stresses

BACs
Physical

Map

Anchoring

BAC

Contigs

Data Mining

Gene Families

Phylogeny

Comparative Genomics

Genome Evolution

Pathways

Cis-Regulatory Element 

Genetic

Maps

Markers

Genes / Alleles

QTLs



Ph. Leroy /  A pipeline for Structural & Functional Annotation in Plants - TriAnnot 04 / 06 / 2013

BarleyRice Bread wheat

 5,000 Mb

 2,300 Mb

 355 Mb

Maize

 85%

Repeat

sequences
70-80%

50-80%

50%

A. thaliana

 140 Mb

10%

 17,000 Mb

Human 

~ 3.000 Mb

120-fold A. thaliana genome

45-fold rice & Brachypodium genomes

Brachypodium

Wheat genome size
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2n = 6x = 42

Wheat genome complexity

Poaceae
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Flow cytometry

Jaroslav Dolezel

Ditelosomic lines

Individual 

chromosome arm

1BL

Specific

BAC Libraries

Chromosome-based dissection of the wheat genome
1st breakthrough

1939, 1944, 1966, 1978

Ernie & Lotti Sears
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Diminution du coût de 

séquençage (NGS)

2nd breakthrough
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INRA

Clermont-Ferrand, France

Wheat Genomics from 2004 @ UMR 1095 INRA/UBP

http://www.clermont.inra.fr/umr1095/
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The International Wheat Genome 

Sequencing Consortium
www.wheatgenome.org

Launched in 2005 on the initiative of Kansas Growers 

Cochairs

R. Appels

J. Dvorak

C. Feuillet

B. Gill

B. Keller

Y. Ogihara

Executive director
K. Eversole

Sponsors (23) Coordinating
Commitee (64)

General members
(>500)
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CCCATGCGCGAATCGATCGATTT

CTGACCATAGCTAGACTAGTCTA

GGCGCTAGATCGATCGATCGATC

GATTTCAGACTGGAAGTCATGCT

CCCATGCGCGAATCGATCGATTT

CTGACCATAGCTAGACTAGTCTA

GGCGCTAGATCGATCGATCGATC

GATTTCAGACTGGAAGTCATGCT

Progress

Accelerate

Genetic

Elsik et al. 2006 Genome Research

“Annotation is one of the most difficult tasks in 

genome sequencing projects, yet it is essential 

for connecting genome sequence to biology”

Genome Structural & Functional Annotation
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Gene

ADN
A, T, G, C

+ Epigenetics

What a Gene?
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RNAs

Coding RNAs Non-coding RNAs

mRNAs Transcription RNAs Small RNAs

rRNAs tRNAs siRNAs miRNAs snoRNAs snRNAs

lncRNAs

“Gene” (locus)

TEs TFs 

Protein-coding genes

Rfam 11.0 (August 2012, 2208 families)

Gene islandGene islandGene islandGene island

What a Gene?
ADN


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Mature RNA

CDS 

(Coding DNA Sequence)

Exon

ATG

Stop

codonAGGT

Intron

AGGC

AC)(AT
AA)(AT

AcDo

TAA

TAG

TGA

Inter-gene regionPromoter

TSS

Transcription

start site

Transcription 

factor

binding sites

CCAAT-box

TATA-box

PolyA site

Clivage site

PolyA signal

AAAAAAAA

3' UTR

NH2
Meth

ProteinCOOH

5' UTR

Translation

Genomic DNA

Transcription
Primary transcript

Splicing

Metabolism

Protein- coding gene

Post-translation modifications

ATG Stop

codon
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REPET

PASA
Gnomon

Eugène

RiceGAAs

MIPS pipeline

TIGR

DAWG-PAWs

FPGP

Pipeline TriAnnot
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Funding from the 

European Community's 

FP7 Programme - GA 

FP7-212019

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

Pipeline TriAnnot

P. Leroy - GDEC
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TriAnnot Architecture
I

Transposable Elements

Initial sequence

II

Protein Coding Genes

Gene Modeling
FgeneSH, Augustus 

GeneMarkHMM, geneid

Transcripts

SIMsearch

EuGene
ab initio & Transcripts

C
h

o
o

se
r 

(s
co

re
) 

ab initio 
Augustus

Plant FL-cDNA, mRNA 

& ESTs

Functional Annotation
known function 
putative function

domain containing protein 
expressed sequence
conserved unknown function
hypothetical protein

IW
G

S
C

g
u

id
el

in
e

Best Hit (plant proteomes)

ab initio

Similarity

II
I

Exonerate / Gmap

Masking

Exonerate

RepeatMasker

ncRNAs

TEannot

(TREPcons)

InterProscan (Pfam, Prosite, Smart, GO)

BLASTx

SwissProt, TrEMBL, Uniref, nr, 

NCBI  RefSeq proteins, Plant 

proteomes

BLASTn

k-mer frequency

(CS 3B 2X)

Panel I & II

masking

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

B. distachyon, plastids & mitochondria, 

EMBL plant wgs / tsa

BLASTx

(TREPprot)

Plant proteomes

Conserved NCS

IV

Molecular Markers
Microsatellites (SSRs)

Tandem Repeat Finder (TRF)

Panels

Non Coding Sequences

Wheat

Barley

Rice

Oak

21 programs

112 databanks
tRNAscan

Modular

N. Guilhot - GDEC
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TriAnnot Flowchart Sequence

yes

no
no
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BLASTn
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BLASTp – Functional Analysis
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Genome model CDS 

derived proteins

Pfam / Prosite / GO

Paralyzed on cluster
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High Confidence (1)

Pseudogenes

Low Confidence

3 Gene Models

(1) This gene models do not need manual expertise

TriAnnot v4.1 - Available on-line for summer 2013

Color code system to assess the confidence of 

the structural annotation

S. Theil - GDEC
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Small Scale 

analysis

Web 

submission

Email

GBrowse link

Download

User

Large Scale

analysis

Email

User

Repository

User
Automated sequence

upload

Automated annotation 

download

IWGSC

~900 cores – 8.5 Tfop

Automatic annotation – Information System (SI) - Curation

CHADO 

database

ARTEMIS

APOLLO

Manual

Curation

Annotation 

GFF files M. Alaux - URGI
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Paux et al. Science (2008);  Rustenholz et al. Plant Physiol (2011)

Ą Science 2013

Sequencing and analyses of the 

hexaploid wheat chromosome 3B

# Scaff= 1 356
L/N50 = 296/892 Kb
L/N90 = 967/228Kb
Max Sc 4.2 Mb 

Choulet et al

Leroy et al. (2012) FPGG Paux et al.  
FIG (2008) 
Plant Biotech J (2010)

+

Wheat chromosome 3B annotation

E. Paux - GDEC

F. Choulet- GDEC
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1 356 scaffolds Č Pseudomolecule

774 Mb

Č 6 811 predictions 

Mapping PE reads on repeat-masked 3B reference sequence (Tophat, 0 mismatch) / Expression level estimate (Cufflinks)

Detection of alternative splicing

10 023 isoforms (4.6 isoforms/gene)

Validation of gene prediction Identification  of

2 393 TARs

Categories Number of predictions

Full genes 4 978 (73%)  - 88% expressed 

Pseudogenes 1 833 (27%) - 65 % expressed

RNAseq (NGS) Wheat chromosome 3B annotation

lncRNAs

TEs

Protein-coding 

genes

5 tissus     x      3 stages 

~ 60 millions PE reads

Grain

Stem

Leaf

Spike

Root

L. Pingault - GDEC
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National 
Collaborations

MIAT

2013 - 2015 GDEC
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International 
Collaborations

www.wheatgenome.org

www.wheatinitiative.org

4D

6B
1A

ORCAE
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Data is not information, information is not

knowledge, knowledge is not understanding, 

understanding is not wisdom

(Clifford Stoll)

The Data Deluge
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A beginner’s guide to eukaryotic genome annotation

Mark Yandell & Daniel Ence
Nature Reviews Genetics 13:329-342 (June 2012)

Conclusion

ñCheap sequencing has complicated genome annotationò

Č Annotation quality control and management - bottlenecks

ñPeriodic updates to every genomeôs annotations will remain 

necessary. In todayôs genomics-driven world, providing 

accurate and up-to-date annotations is simply a mustò
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leroy@clermont.inra.fr

Thank You very much

Massif du Sancy
Joël Damase

Murol Castle

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


