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Context



TEs

A. thaliana

~20%

Z. mays

~60%

proportion of TEs

in

plant genomes

O. sativa

~30%

T. aestivum

~90%

rest of the genome

Genome sizes

* A. thaliana: ~180 Mb
* O. sativa: ~400 Mb
« Z. mays:. ~2,400 Mb

e T. aestivum: ~16,000 Mb



TE genomic annotation
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Biological challenges
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Technical challenges

 Handle big volumes of data:
- Storage in MySQL tables

* Handle long computation times:

— Interaction with computer clusters




De novo identification
of TE families



Build de novo TE consensus

Raw genomic sequences
(pseudomolecules, BACs,

contigs, scaffolds...)

l

Self-alignment
(BLASTER or PALS)

l

Clustering
(GROUPER or RECON
or PILER)

l

Multiple alignment
(MAP or MAFFT or
MUSCLE or PRANK or
CLUSTAL-W)

de novo consensus /

Flutre et al., in prep.



Clustering the

" insertions

| substitutions

time

 E
N NN i
- ~same length
\\H"\_
NI M
.
- 4 | >90% id.
“‘-\H\\ ~same length
'l N

03/09/2009

T. Flutre - INRA

variants

consensus A

consensus B

9/33



Benchmark

* Drosophila melanogaster genome sequence
- Release 4: ~ 130 Mb (mainly euchromatic)

* Berkeley Drosophila
Genome Project:

126 reference sequences
of TEs found In the
D. melanogaster genome

= high-quality library

complete
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Results on D. melanogaster

* First steps of the TEdenovo pipeline:
- 220,000 HSPs from BLASTER (7.4% coverage)

— 4004 clusters and consensus:

e 3443 from GROUPER
* 441 from RECON
120 from PILER



Results on D. melanogaster

* First steps of the TEdenovo pipeline:
- 220,000 HSPs from BLASTER (7.4% coverage)

— 4004 clusters and consensus:

e 3443 from GROUPER
* 441 from RECON
120 from PILER

= 54 reference sequences retrieved with precise
boundaries (“CC” alignments with de novo consensus)

= close to the optimum: 62 families with 2 complete
copies, 51 with 3 complete copies



Combined approach

GROUPER
Clustering |Ref. sequences
methods in CC matches
Grouper 45 7 RECON
Recon 44 7
Piler 33 3 28
Grp + Rec 54
Grp + Pil 46 !
Rec + Pil 48
Grp + Rec + Pl 54
PILER

= Combine several programs at the clustering
step gives better results !



A. thaliana and 0. sativa

* TAIR release 9 for A. thaliana and IRGSP build 5 for O. sativa

* First steps of the TEdenovo pipeline:

- HSPs from BLASTER:

 A. thaliana: 207,000 (coverage 13.5%)
 O. sativa: 12,086,000 (coverage 3.1%)

— clusters and consensus:

e A. thaliana: 6,639 (5,344 from GROUPER, 994 from
RECON and 301 from PILER)

e O. sativa: 88,042 (81,400 from GROUPER, 5,071 from
RECON and 1,571 from PILER)



TE classification

* False-positive filtering based on consensus
analysis (TE structural features)

e Removal of redundant consensus



TE classification

* False-positive filtering based on consensus
analysis (TE structural features)

e Removal of redundant consensus

» Search for terminal repeats (LTR and TIR)
« Search for polyA and SSR-like tails

» Detect matches with known TESs via tblastx
and blastx

» Detect matches with host's genes via blastn
» Detect matches with TE HMM profiles



TE classification

* False-positive filtering based on consensus
analysis (TE structural features)

e Removal of redundant consensus

« Search for terminal repeats (LTR and TIR) » Category: ‘class I' or ‘class II' for the TEs,
'SSR', 'HostGene', 'NoCat' or '?' for the others
* Type: 'LTR'/'LARD'/'LINE' / 'SINE' / 'TIR" /
'MITE' / 'Helitron' / 'Polinton’ for the TEs, 'NA'
or '?' for the other categories

« Search for polyA and SSR-like tails

» Detect matches with known TESs via tblastx
and blastx

» Detect matches with host's genes via blastn
» Detect matches with TE HMM profiles

« Completeness: 'yes', 'no’, ‘NA' or '?'

« Comments: briefly explain the classification

* Confusedness: 'yes' or 'no’

Flutre et al., in prep.



TE families

« ATREP11, non-autonomous Helitron (1053 nt)

Overview of the multiple alignment
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TE families

« ATREP11, non-autonomous Helitron (1053 nt)

Overview of the muItipIe alignment
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TE families

« ATREP11, non-autonomous Helitron (1053 nt)

Overview of the multiple alignment

gverview Uu%l

T

from RECON AthaS-8-RZZ7-MAFS_NGCatit-1100
: Athas-B-R227-MAFS_NoCat/1-1105

(279 COpIES) Atha-B-R227-MAPS_NoCat)1-1093
Aithal-8-R227-MAPS_NoCai/1-368

Athas-F-RZ1 7-MAFL ﬂ_NOCat/l =748
Athai-B-R21 3-MAPLI_NaCat/l-731
Athabi-B-R21 3-MAPLI_NaCatsl-1039

from RECON ATha5-E-RZ13-MAPLD_NeCat/l-104

Atha5-F-R213-MAF1D NeCat/1-108.

(137 copies) Athai-B-RZ13-MAPID NeCatil-1044

Athai-F-R213-MAPID NeCat/1-520
Athai-F-R213-MAPID NeCat/1-717
Atha5i-F-RZ21 7-MAPLD_NeCat/l-101 9
Athai-B-R21 3-MAP0_NaCat/l-415
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TE families

« ATREP11, non-autonomous Helitron (1053 nt)

Atha5-B-R213-MAP10 NoCat ReconCluster213Mb2214 chunk222 {Fragment} 87205..86475
Atha5-B-R212-MAP10” NoCat ReconCluster213Mb7920_ chunk56f{Fragment} 124285.,125202
Atha5-B-R212-MAP10”NoCat_ReconCluster213Mb615 chunklé9 TFragment} 38290..27471
Atha5-B-R213-MAP10 NoCat_ ReconCluster213Mbe952 chunk542 {Fragment} 86215..87357
Atha5-B-R212-MAP10_NoCat_ReconCluster213Mb8456_chunksl_{Fragment} 122920..121875
Atha5-B-R213-MAP10”NoCat™

Atha5-B-R212-MAP10” NoCat ReconCluster213Mb6187 chunk447 {Fragment} 169817..170855
Atha5-B-R213-MAP10 NoCat ReconCluster212Mb320 chunkl127 {Fragment} 91181..91595
Atha5-B-R213-MAP10 NoCat” ReconCluster212Mbl0175 chunk259 {Fragment} 62586..64202
Atha5-B-R213-MAP10 NoCat ReconCluster212Mb7861 7111111{559 IFragment} T£576 129821

Atha5-B-R213-MAP10 ReconClust 212Mb676
ATREP11-classIl-Helitfon @ ¢ g}p Q
Atha5-B-R1045-MAP4 NoCat Re Cluster1045 chun ragmen 48 re-oriented

I.Il Atha5-B-R1045-MAP4 NoCat_Atha5-B-R1045- MAP4 NoCat re-oriented
Atha5-B-R1045-MAP4"NoCat ReconClusterl045Mb5745 chiink418 {Fragment} 1106326..111585_re-oriented
|_|— Atha5-B-R1045-MAP4” NoCat_ReconClusterl045Mb2788” chunk324” {Fragment} 169152..169679 re-oriented
AthaS5-B-R1045-MAP4 NoCat” ReconClusterl045Mb2121 chunk222” {Fragment}_110202..110749 re-oriented

tha5-B-G1606-MAP15 NeoCat

tha5-B-G1606-MAP15 NoCat MbS17121Gr1606Cl60 chunk405 {Fragment} 127148..127912

tha5-B-G1606-MAP15 NoCat MbQ17120Gr1606C160 chunk316 {Fragment} 41749 42488

tha5-B-G1606-MAPI5 NoCat MbSI7127GrI606CI60 thunko? {Fragment} 75648

tha5-B-G1606-MAP15 NoCat_MbS17123Gr1606C160_chunk425 {Fragment} 14941 141"4

" tha5-B-G1606-MAP15 NoCat” MbS17126Gr1606CI60” chunk219” {Fragment} 14066..12297
tha5-B-G1606-MAP15 NoCat”MbS17124Gr1606CI60 chunk427 {Fragment} 27976..28747
tha5-B-G1606-MAP15 NoCat_MbS17125Gr1606C160_chunk289_{Fragment} 181552..182325
tha5-B-G1606-MAP15 NoCat_ MbS17128Gr1606C160 chunk514 {Fragment} 20261..21020
tha5-B-G1606-MAP15 NoCat” MbS17122Gr1606C160_chunk624_ {Fragment} 22587..21824
tha5-B-G1606-MAP15 NoCat” MbS17129Gr1606CI60 chunk204 {Fragment} 98505..99277
tha5-B-G1606-MAP15 NoCat_ MbS17120Gr1606C160 chunk529 {Fragment} 72126..72252
tha5-B-G1606-MAP15 NoCat_ Mle”l’ZGr1606C160'chunk571 {Fragmenty_26267..27052
tha5-B-G1606-MAP15 NoCat_ MbQ17118Gr1606C160 chunk571” {Fragment} 26314..27050

q tha5-B-G1606-MAP15 NoCat” MbS17121Grl1606Cl60 chunkl68 {Fragment} 162115..162252

— Ll tha5-B-G1606-MAP15 NoCat” MbS17119Gr1606Cl60~ chunkl68” {Fragment} 162077..162253

Atha5-B-R1274-MAP7 NoCat ReconClusterl274Mb6072 chunk426 {Fragment} 27850..26878

_l— Atha5-B-R1274-MAP7 NoCat_ReconCluster1274Mb6852_chunk540_{Fragment}_ 169092..168060
1 Atha5-B-R1274-MAP7 NoCat™
, I

Atha5-B-R1274-MAP7 NoCat ReconClusterl274Mb2752 chunk222 {Fragment} 76710..77428
Atha5-B-R1274-MAP7 NoCat_ReconCluster1274MDb9711 chunk89 {Fragment} 172892..172055
Atha5-B-R1274-MAP7 NoCat ReconCluster1274Mb2782 chunk227 {Fragmenf} 151845..151117
Atha5-B-R1274-MAP7 NoCat ReconClusterl274Mb5698 chunk41ls {Fragment} 170649..171615
Atha5-B-R1274-MAP7 NoCat_ ReconCluster1274Mb8457 chunkél {Fragment} I26775..125722
Atha5-B-G1924-MAP2 NoCat” MbQ20968Gr1924Cll66 chunk422 JFragment} 77874..78777 re-oriented
— Atha5-B-G1934-MAP2 NoCat_re-oriented
Atha5-B-G1924-MAP2 NoCat MbS20967Gr1924C1166 chunk256 {Fragment} 51446..52226 re-oriented
Atha5-B-G504-MAP2 NoCat_MbQ4152Gr504Cl166_cliink256_{Fragment} 5I947..52482_re-oriented
Atha5-B-G504-MAP2 NoCat_re-oriented
Atha5-B-G504-MAP2 NoCat MbS4151Gr504Cl166 chunk512 {Fragment} 177269..177900 re-oriented
Atha5-B-G504-MAP2 NoCat” MbS4152Gr504C1166 chunk521 {Fragment}”111254..110721 re-oriented
— Atha5-B-G1924-MAPZ NoCai_MbS20966Gr1924C1T66_chunkd {Fragment} 186428..185558_re-oriented
— Atha5-B-R227-MAP5 NoCat ReconCluster227Mb4792 chunk400 {Fragment} 56609..57701
e Atha5-B-R227-MAP5 NoCat ReconCluster227Mb4202 chunk251 {Fragment} 127862..126994
- Atha5-B-R227-MAPS NoCat_ReconCluster227Mb242 chunkl120_{Fragment} 26996..28089
4 Atha5-B-R227-MAPS NoCat
Atha5-B-R227-MAP5”"NoCat_ReconCluster227Mb1272 chunk184 {Fragment} 179691..178616
Atha5-B-R227-MAP5_NoCat_ReconCluster227Mb4640_chunk294 {Fragment}_22139..22040

Tt

0.04

all-by-all matches + consensus + reference sequence



Take-home messages (1)

* Final TE library (classified, non-redundant consensus)

- D. melanogaster. 748 consensus (461 for R+P)
- A. thaliana: 1584 consensus (999 for R+P)
- O. sativa: 5243 consensus (for R+P only)

> TEdenovo builds TE consensus with well-
defined boundaries.

> A TE family can be represented by several
consensus for its different structural variants.



Genomic annotation
of TE copies



TE annotation pipeline

Genomic
sequences
TE library

Pairwise alignment

* BLASTER,

* RepeatMasker,

« CENSOR

+ statistical filter on

shuffled sequences
Connect TE fragments
* MATCHER,
* « Long join » procedure

Export final
annotations

gameXML

‘ GFF3 |||

Detect SSRs
* TRF,

* MREPS,

* RepeatMasker

Filter short
TEs by SSRs

Quesneville et al.,
PLoS Comp. Bio.,
2005



TE fragment connections (1)

 MATCHER:

- Take all matches found by BLASTER, RepeatMasker
and CENSOR,;

- Connect the TE fragments via dynamic programming
(find the optimal path);

- Filter the redundancy and clean the conflicts.



TE fragment connections (1)

 MATCHER:

- Take all matches found by BLASTER, RepeatMasker
and CENSOR,;

- Connect the TE fragments via dynamic programming
(find the optimal path);

- Filter the redundancy and clean the conflicts.

TE annotations before MATCHER

TE annotations after MATCHER




TE fragment connections (2)

* “Long join” procedure:

gap < 5kb

mismatches < 500bp
Aidentity < 2%

=) oR =)

N _
v

2 TE lengths = 95%
all identities > max(identityl,identity2) - 2%
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Results on A. thaliana

* Input:

- TAIR release 9 (120 Mb)

- TE library of 1531 de novo consensus
e Output:

- 45,558 TE fragments

- 39,675 TE copies (67 “long joins”)

- 21.80% genome coverage

- 115 consensus without any copy



Integration in TriAnnot

* Optimize the statistical filter parameters

* Build a library of consensus by combining
TREP with custom sequences from F. Choulet

* Launch the TEannot pipeline as part of the
TriAnnot pipeline (block 03 - TE modelling)

03/09/2009 T. Flutre - INRA 29/33



Take-home messages (2)

* A full TE annotation requires to handle nested
patterns and thus to reconstruct TE copies

> TEannot iImplements an efficient dual strategy
to connect TE fragments:

- MATCHER
- “long join” procedure
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Genomes annotated
with REPET

Done (8)
D. melanogaster (Flybase) with

M. Ashburner (Univ. Cambridge) and C. Bergman
(Univ. Manchester)

A. thaliana (TAIR) with V. Colot (ENS) and
N. Buisine (MNHN)

Fusarium graminearum with C. Kistler
(Univ. Minnesota)

Laccaria bicolor with F. Martin (INRA-Nancy)

Meloidogyne incognita with P. Abad (INRA
Antibes)

Ectocarpus siliculosus with M. Cock
(Roscoff)

Leptospheria maculans with T. Rouxel
(INRA Versailles)

Acyrthosiphon pisum with D. Tagu (INRA
Rennes) and A. Wilson (Miami)

In progress ...
O. sativa (IRGSC) with 0. Panaud (Perpignan)

T. aestivum (IWGSC) with C. Feuillet INRA Clermont-
Ferrand)

12 Drosophilidae genomes with D. Petrov
(Univ. Stanford)

Spodoptera frugiperda, Helicoverpa
armigera with P. Fournier (INRA Montpellier)

Melampsora larici-populina with F. Martin (INRA-
Nancy)

Tuber melanosporum with F. Martin (INRA-Nancy)

Stagonospora nodorum with T. Rouxel (INRA
Versalilles)

Blumeria graminis with P. Spanu (Imp. Coll. London)
Botrytis cinerea with M-H. Lebrun (INRA Versailles)

Emiliania huxleyi with Betsy Read (Cal State University)
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