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Transposable elements (TES)

TEs are DNA sequences able to move (= transposition)

into the host genome of eucaryotic and procaryotic organisms

Two classes:

Classe | named retrotransposons move by a “copy-paste’” mechanism
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A huge diversity

Wicker et al., 2007
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Impact of TEsS on genomes

TEs impact genome size Zea Mays ﬁ |

|
Homo sapiens w
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Proportion of TEs in genomes (%)

Chénais et al., 2012

TEs can generate phenotype changes

Vitis vinifera Citrus sinensis

Kobayashi et al., 2004 Butelli et al., 2012

TE mutations can promote species adaptation

Darboux et al., 2007 4




How to conduct a de novo TE annotation
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Limitations with non-model organisms
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1. Detection of TEs AT ghcaczrcodicean
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Genome assembly is usually fragmented
- missassembly of repeated elements
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2. Classification of detected
TEs

Few knowledge in TE databanks Comparaison (BLAST)
- difficulty to classify/recognize TEs
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| 3. TE annotation

EGRGCGGGTTCETTCCGAGTTCCUHRGGARCGGGALIO




Limitations with non-model organisms

1. Detection of TEs
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Genome assembly is usually fragmented
- missassembly of repeated elements
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Improve the classification step
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PIRATE-Galaxy distribution

- PIiRATE is implemented into a stand-alone Galaxy:

Text Manipulation

Join, Subtract and Group
Filter and Sort

Convert Formats
Fetch Alignments

PIRATE

STEP 1.1: Detection
STEP 1.2: Clustering
STEP 2.1: Classification
STEP 2.2: Manual check
STEP 3: Annotation

Workflows

n All workflows:

A

0: Input data
1.1: Detection
Similitary-based
Repeat TE-
Masker || HMMER

Nucl HMM
databank | databank

>500 bp

1.2: Clustering

2.1: Classification

2.2: Manual check

3: Annotation

Autonomous TEs  Non-autonomous TEs Uncategorized

Genome | lumina
assembly raw data
Structural-based Repetiti based Build rep del
MITE Hel LTR dna
Tl

Hunter Search || harvest Edenow:l PipeTE R
SINE MGE Repeat i Repeat
Finder Scan Scout Explorer
=500 bp

CD-HIT-ast

PASTEC Nucl, prot, HMM
databanks

Keys:

MCL

Tool

Repeated
| alements

TEannot Libraries EE)

BLASTR - Library
Filter

Manual

8 shown, 6 deleted

175 GB
4.7 14. RepeatScout log

£:13

RepeatScout output
iz
1 11: Helsearch output

9: MGEScan-
nonlTR output

6: LTRharvest output

2: Rename headers

1: symbB.v1.0.genome.fa

@ v Galaxy - Mozilla Firefox NCNESY
= Galaxy x -ﬁb
(' v L:| Q, search | B @ 43 & 8=
e Data Using
Tools L o History
© Welcome to the PIRATE-Galaxy!!
Get Data Unnamed history




PIRATE-Galaxy distribution

1. Download the PiRATE Virtual Machine (Virtual Linux)
L ~ S

/ [ PiRATE:aPipelinetoRe: X W ¥

‘ < C | ® www.seanoe.org/data/00406/51795/

S EAN O E Sea scientific open data edition SEAH@E

PIRATE: a Pipeline to Retrieve and Annotate Cick

to download

" Transposable Elements the sta

' Date

Author(s) Jérémy Berthelie , Nathalie Casse:, Nicolas Daccord?, Véronique Jaml[loux‘:, Bruno Samt-Jean’,
Grégory Carr

2018

Affiliation(s) 1: PBA Laboratory, Ifremer, France
2: MMS, Université du Mans, France
3:IRHS, INRA, France
4: URGI, INRA, France

[ole]] 10.178

Publisher SEANO

Keyword(s) PiRATE, detection, classification, annotation, transposable elements, mobile elements, tool,

pipeline, program Download metadata
Abstract To date, genome assembly of non-model organisms is usually not at chromosemal level and is TXT, RIS, XLS

higly fragmented. This fragmentation is recognized to be, in part, the result of a bad assembly of

the transposable elements (TEs) copies, increasing the difficulty to detect and annotate them.

In this context, we designed a new bicinformatics pipeline named PIRATE for detect, classify and
annotate TEs of non-model organisms. We optimized its detection step by gathering every existing
TE detection approaches. The goal is to promote the detection of complete TE sequences of every
TE families. The detection of complete TE sequences, bearing recognizable conserved domains or
specific motifs, allows to facilitate the classification step. The classification step of PIRATE has been
improved for algal genomes.

Each tools used by PiRATE are automated into a stand-alone Galaxy. This PIRATE-Galaxy can be
used through a Virtual Machine, which can be download beiow.

This PiRATE-Galaxy is a suitable and flexible platform to study TEs in the genome of every
organisms.

Please dowload and read the tutorial.
Licence

Bt Format Processing

OVA

ATE_Tutorial PDF

Top of the page ]



PIRATE-Galaxy distribution

2. Import the PiRATE Virtual Machine into a Virtual Machine Monitor (VirtualBox)
., -~ T i
-,

—

Oracle VM VirtualBox Ma
| File Machine Help

>
| G v
|| New Settings Discard Show

PiRATE ‘ Sl General =l Preview

Snapshots

@ Powered Off

Name: PIRATE_1
Operating System: Ubuntu (64-bit)

[x] system

Base Memory: 10196 MB

Processors: 3

Boot Order: Floppy, Optical, Hard Disk

Acceleration:  VT-x/AMD-V, Nested Paging, KVM Paravirtualization

Display

Video Memory: 12MB
Remote Desktop Server: Disabled
Video Capture: Disabled
Storage

m

Controller: IDE
IDE Secondary Master: [Optical Drive] Empty
Controller: SATA
SATA Port 0: PIRATE-disk1.vmdk (Normal, 300,00 GB)

B Audio

Host Driver: Windows DirectSound |
Controller:  ICH AC97

&P Network
Adapter 1: Intel PRO/1000 MT Desktop (Bridged Adapter, Intel(R) Ethernet Connection 1217-LM)

& uss

USB Controller: OHCI, EHCI
Device Filters: 0 (0 active)

[l Shared folders

None

@ Description

None




PIRATE-Galaxy distribution

3. Launch the PiRATE-Galaxy

¥
|

Welcome to the PIRATE-VM!

1. Open the Konsole Q

2. Enter: sh /home/jeremy/galaxy/run.sh
(a lot of things happen...)

chier Edition Affichage Signets  Configu

3. Right click on http://127.0.0.1:8080
o
4. Open the link!

5. The PIRATE-Galaxy appears!

Galaxy - Mozilla Firefox




PIRATE-Galaxy distribution

Galaxy- Mozilla Firefox

Data

Get Data
Text Manipulation

Welcome to the PiRATE-Galaxy!!

Join, Subtract and Group
Filter and Sort

Convert Formats
Fetch Alignments

PIRATE

STEP 1.1: Detection
STEP 1.2: Clustering
STEP 2.1: Classification
STEP 2.2: Manual check
STEP 3: Annotation

Workflows

= All workflows

0: Input data

1.1: Detection

oo T—r]

Genome
assembly

Lbased Rapetiti b

llumina
raw data

Repeat TE-
Masker || HMMER
Nucl HMM
databank | databank

>500 bp

1.2: Clustering

2.1: Classification

2.2:Manual check

3: Annotation

MITE Hel LTR

Hunter Search || harvest
SINE MGE

Finder Scan

Tedenove

Repeat
Scout

CD-HIT-est

Nucl, prot, HMM

PASTEC
databanks

Autonomous TEs) 'Non-autonomous TEs| | Uncategorized

MCL

Repeated
1 elements.

TEannot Libraries EZ}

BLASTn

d Build del

dna
PipeTE
Repeat
Explerer

RepArk

>500 bp

Keys:
Tool
Library
Filter

Manual

History

Unnamed history

8 shown, 6 deleted

1.75 GB
4.: 14: RepeatScout log

$:13:
RepeatScout output

1 12:l0g
4.7 11: Helsearch output

9: MGEScan-
nonlTR output

6: LTRharvest output

2: Rename headers

1: symbB.v1.0.genome.fa

A

é_ Galaxy - Mozilla Firefox

Bl galaxy : sh- Konsole

) 8




PIRATE-Galaxy: Detection

Get Data
Text Manipulation

Join, Subtract and Group —
R — Similitary-based Structural-based Repetitiveness-based Build repeated elements

Convert Formats

() 0: input ‘ Genome | ( lllumina

. bl raw data
1: Detection assembly --|

e —— I Tools I | Tools | Tools | | Tool |
RepeatMasker TRANSPO REPuter ReAS
PIRATE
- Censor LTR_STRUC RepeatFinder RepeatExplorer
TEF 1.1 ’
Windowmasker MAK RECON RepARK
STEP 1.2: Clustering d
STEP 2.1 Classificati Transposon-PS| LTR_MINER REUFER draPipeTE
A ssification TeClass
LTR_par/LTR_seq PILER Transposome
STEP 2.2: Manual check RepClass Find LTR
= RepeatScout REPdenovo
STEP 3: Annotation TESeeker LTR FINDER i’
LTR_h X Repseek
arves
Workflows
+ LTRdigest Vel
= All workflows MUST TEdenovo
Databank HelSearch RepeatModeler
CLELENLS MITE-Hunter
Sine-Finder
RSPB
MITE-Digger
TIRfinder
Helitron_scanner
detectMite
MGEScan-LTR
MGEScan-nonLTR
\ X ) \ Y J
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PIRATE-Galaxy: Detection

Analyze Data
Tools -‘.';
{x] 0: input ‘ Genome | ‘ lllumina ‘
. assembl raw data
GetDaa 1: Detection v
Text Manipulation
Join, Subtract and Group —
o Similitary-based Structural-based Repetitiveness-based Build repeated elements
Convert Formals " Repeat |[ TE- | [ MITE | [ Hel |[ LTR | ‘ | " dna ||
_ TEdenovo ‘ ‘ ‘ ‘ ‘
Fetch Allgnments ~ Masker || HMMER ‘ ~ Hunter ‘ ‘ Search ‘ ‘ harvest ‘ \_  PipeTE || HETAGS )
R Nucl HMM | SINE ‘ MGE ‘ | Repeat ‘ | Repeat ‘
TR L1 stection databank - databank © | Finder  Scan | Scout |  Explorer |

STEP 1.2: Clustering
STEP 2.1: Classification
STEP 2.2: Manual check
STEP 3: Annotation

Workflows
= All workflows

Group every existing TE detection approach to:
- promote the detection of every TE families
- promote the detection of full-length TEs

- To facilitate the classification step

14




PIRATE-Galaxy: Detection

Tools

I+

Get Data

Text Manipulation

Join, Subtract and Group
Filter and Sort

Convert Formats

Eetch Alignments

PIRATE

BUILD REPEATED ELEMENTS

RepeatExplorer De novo
detection of repeated sequences

dnaPipeTE De novo detection of
repeated sequences

RepARK De novo detection of
repeated sequences

REPETITIVENESS-BASED
TEdenovo (REPET) De novo

detection of repeated sequences

RepeatScout De novo detection of
repeated sequences

STRUCTURAL-BASED
Helsearch Detection of Helitrons
MITE-Hunter Detection of MITES
SINE-Finder Detection of SINEs
LTRharvest Detection of LTRs

MGEScan-nonl TR Detection of
non-LTRs

SIMILARITY-BASED

TE-HMMER Detection of TES from
profile HMMs

RepeatMasker Detection of TEs
using a nucleotide databank

STEP 1.2: Clustering
STEP 2.1: Classification

STEP 2.2: Manual check
STEFP 3: Annotation

0: input

1: Detection

Similitary-based

Genome
assembly

Structural-based

"' Repeat H TE- ‘ ‘ MITE ‘ Hel ‘ ‘ LTR
) Masker JL HMMER )| Hunter | | Search | harvest
Nucl HMM " SINE | . MGE |
databank databank ‘ Finder ‘ ‘ Scan ‘

' lllumina
raw data

Repetitiveness-based Build repeated elements

( '  dna || ‘

TEdenovo ‘ ‘ ‘ ‘ ‘

TEdenowo | pipere || Rewhrk

"‘ Repeat ‘ ‘ Repeat ‘
Scout |

Build repeated sequences

15



PIRATE-Galaxy: Detection

Tools

=+

Get Data

Text Manipulation

Join, Subtract and Group
Filter and Sort

Convert Formats

Eetch Alignments

PIRATE
TEP1T

BUILD REPEATED ELEMENTS

RepeatExplorer De novo
detection of repeated sequences

dnaPipeTE De novo detection of
repeated sequences

RepARK De novo detection of
repeated sequences

REPETITIVENESS-BASED
TEdenovo (REPET) De novo

detection of repeated sequences

RepeatScout De novo detection of
repeated sequences

STRUCTURAL-BASED
Helsearch Detection of Helitrons
MITE-Hunter Detection of MITES
SINE-Finder Detection of SINEs
LTRharvest Detection of LTRs

MGEScan-nonl TR Detection of
non-LTRs

SIMILARITY-BASED

TE-HMMER Detection of TES from
profile HMMs

RepeatMasker Detection of TEs
using a nucleotide databank

STEP 1.2: Clustering
STEP 2.1: Classification

STEP 2.2: Manual check
STEP 3: Annotation

G

0: input

1: Detection

Similitary-based

Genome ‘
assembly ]

Structural-based

| Repeat H TE- ‘ ‘ MITE ‘ Hel ‘ ‘ LTR ‘ ‘ ‘
TEdenovo
‘n Masker || HMMER | | Hunter | | Search || harvest | L )
Nucl HMM " SINE | . MGE | | Repeat |
databank databank Finder Scan Scout
A vy — r
¥

Detect repeated sequences

' lllumina
raw data

Repetitiveness-based Build repeated elements

"' dna
PipeTE
| Repeat ‘
| Explorer |

H RepArk ‘
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PIRATE-Galaxy: Detection

Tools

=+

Get Data

Text Manipulation

Join, Subtract and Group
Filter and Sort

Convert Formats

Eetch Alignments

PIRATE
TEP1T

BUILD REPEATED ELEMENTS

RepeatExplorer De novo
detection of repeated sequences

dnaPipeTE De novo detection of
repeated sequences

RepARK De novo detection of
repeated sequences

REPETITIVENESS-BASED
TEdenovo (REPET) De novo

detection of repeated sequences

RepeatScout De novo detection of

ranaatad cannanras
STRUCTURAL-BASED
Helsearch Detection of Helitrons
MITE-Hunter Detection of MITES
SINE-Finder Detection of SINEs
LTRharvest Detection of LTRs

MGEScan-nonl TR Detection of
non-LTRs

SIMILARITY-BASED

TE-HMMER Detection of TES from
profile HMMs

RepeatMasker Detection of TEs
using a nucleotide databank

STEP 1.2: Clustering
STEP 2.1: Classification

STEP 2.2: Manual check
STEP 3: Annotation

0: input

1: Detection

Similitary-based

Genome ‘
assembly ]

Structural-based

" Repeat H TE- ‘ ‘ MITE ‘ Hel ‘ ‘ LTR ‘ “'TE : ‘

enovo

‘n Masker || HMMER | | Hunter | | Search || harvest | L )

Nucl HMM " SINE | . MGE | | Repeat |
databank databank Finder Scan Scout

Detect specific structure of TEs

' lllumina
raw data

Repetitiveness-based Build repeated elements

"' dna
PipeTE
| Repeat ‘
| Explorer |

H RepArk ‘
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PIRATE-Galaxy: Detection

Tools

=+

Get Data

Text Manipulation

Join, Subtract and Group
Filter and Sort

Convert Formats

Eetch Alignments

PIRATE
TEP1T

BUILD REPEATED ELEMENTS

RepeatExplorer De novo
detection of repeated sequences

dnaPipeTE De novo detection of
repeated sequences

RepARK De novo detection of
repeated sequences

REPETITIVENESS-BASED
TEdenovo (REPET) De novo

detection of repeated sequences

RepeatScout De novo detection of
repeated sequences

STRUCTURAL-BASED
Helsearch Detection of Helitrons
MITE-Hunter Detection of MITES
SINE-Finder Detection of SINEs
LTRharvest Detection of LTRs

MGEScan-nonl TR Detection of
non-LTRs

SIMILARITY-BASED

TE-HMMER Detection of TES from
profile HMMs

RepeathMasker Detection of TEs
using a nucleotide databank

STEP 1.2: Clustering
STEP 2.1: Classification

STEP 2.2: Manual check
STEP 3: Annotation

0: input

1: Detection

Similitary-based

Genome ‘
raw data

lllumina
assembly ]

Structural-based Repetitiveness-based Build repeated elements

' Repeat ‘ [ TE- ‘ ‘ MITE ‘ Hel ‘ ‘ LTR ‘ “'TE q ‘ ‘ dna ‘ ‘ ‘
enovo
{ Masker | HMMER | | Hunter | | Search || harvest | L ) PipeTE || e )
Nucl HMM ‘ SINE ‘ ‘ MGE ‘ ‘ Repeat ‘ | Repeat ‘
databank A databank ~ Finder | Scan | Scout | | Explorer |

A

Detect similare sequences
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PIRATE-Galaxy: Detection

Tools

=+

Get Data

Text Manipulation

Join, Subtract and Group
Filter and Sort

Convert Formats

Eetch Alignments

PIRATE
TEP1T

BUILD REPEATED ELEMENTS

RepeatExplorer De novo
detection of repeated sequences

dnaPipeTE De novo detection of
repeated sequences

RepARK De novo detection of
repeated sequences

REPETITIVENESS-BASED
TEdenovo (REPET) De novo

detection of repeated sequences

RepeatScout De novo detection of
repeated sequences

STRUCTURAL-BASED
Helsearch Detection of Helitrons
MITE-Hunter Detection of MITES
SINE-Finder Detection of SINEs
LTRharvest Detection of LTRs

MGEScan-nonl TR Detection of
non-LTRs

SIMILARITY-BASED

TE-HMMER Detection of TES from
profile HMMs

RepeatMasker Detection of TEs
using a nucleotide databank

STEP 1.2: Clustering
STEP 2.1: Classification

STEP 2.2: Manual check
STEP 3: Annotation

0: input

1: Detection

Similitary-based

‘ Genome
assembly

Structural-based

| Repeat H TE- ‘ ‘ MITE ‘ ‘ Hel H LTR ‘ ‘TE g

enovo
“_ Masker || HMMER | | Hunter | | Search || harvest | .
Nucl HMM ‘ SINE ‘ ‘ MGE ‘ ‘ Repeat
databank databank ; Finder Scan ] Scout
>500 bp
I
I

' lllumina
raw data

Repetitiveness-based Build repeated elements

"' dna

PipeTE ‘ ‘ HEDA ‘

“' Repeat ‘
| Explorer |

>500 bp

Concatenate the detected sequences
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PIRATE-Galaxy: Detection

Tools

[+

Get Data

Text Manipulation

Join, Subtract and Group
Filter and Sort

Convert Formats

Fetch Alignments

PIRATE
STEP 1.1: Detection
TEP 1.2: Chistering

remove short Removal of short
sequences

CD-HIT-est Clusters sequences to
reduce the redundancy

J

STEP 2.1: Classification
STEP 2.2: Manual check
STEP 3: Annotation

Workflows

= All workflows:

0: input

1: Detection

Similitary-based

Genome
assembly

Structural-based

| Repeat

[
‘ Masker | HMMER

MITE

‘_ Hunter

‘ ‘ Hel H LTR ‘
) | Search || harvest

Nucl
databank

HMM
databank

>500 bp

Finder

SINE

. MGE
Scan

N CD-HIT-est ‘

Repetitiveness-based
‘ TEdenovo ‘

| Repeat ‘
Scout

' lllumina
raw data

Build repeated elements

" dna

. PipeTE ‘ ‘ HEDA ‘

“' Repeat ‘
| Explorer |

>500 bp

Cluster identical sequences
- Remove redundancy
- Only keep the larger putative TEs

20




PIRATE-Galaxy: Detection

Tools

[+

Get Data

Text Manipulation

Join, Subtract and Group
Filter and Sort

Convert Formats

0: input

1: Detection

Similitary-based

Genome
assembly

Structural-based

Repetitiveness-based

' lllumina
raw data

Build repeated elements

' Repeat ‘ ‘ TE- ‘ MITE ‘ ‘ Hel H LTR ‘ ‘ ‘ ‘ dna ‘ ‘ ‘
- TEdenovo
Sl s ~ Masker || HMMER | | Hunter | | Search || harvest i . PipeTE || HEDA |
PIRATE Nucl HMM | OSINE . MGE | Repeat ' Repeat
STEP 1.1: Detection databank 8 databank Finder | Scan | Scout | | Explorer
e SEICCI \ ) ) S )
remove short Removal of short >500 bp >500 bp

sequences

CD-HIT-est Clusters sequences to
reduce the redundancy

J

STEP 2.1: Classification
STEP 2.2: Manual check
STEP 3: Annotation

Workflows

= All workflows

N CD-HIT-est ‘

Cluster identical sequences
- Remove redundancy
- Only keep the larger putative TEs

21




PIRATE-Galaxy: Classification

=+

Tools

Get Data

Text Manipulation
Join, Subtract and Group
e — Similitary-based Structural-based Repetitiveness-based Build repeated elements

[x] 0: input ‘ Genome ‘ ‘ lllumina ‘

1: Detection assembly | raw data

Convert Formats

" Repeat

1 TE- . MITE
Fetch Alignments Masker HMMER

" Hel ‘ . LR ‘ ‘ ‘ " dna ‘
TEdenovo ‘ ‘ ‘
_ Hunter ‘ ‘ Search ‘ harvest . pipeTe || RepATk |
PIRATE Nucl HMM " SINE . MGE | Repeat | Repeat
STEP 1.1: Detection databank 8 databank Finder | Scan | Scout | | Explorer
T >500 bp >500 bp
PASTEC |assifier Classification of e
HEITERISS ‘ CD-HIT-est ‘
STEP 2.2: Manual check . r . -
STEP 3 Annotation 2: Classification
Workflows
= All workflows PASTEC

Automated classification

22




PIRATE-Galaxy: Classification

=+

Tools

[x] 0: input ‘ Genome ‘ ' lllumina ‘
Get Data ‘ assembly | ‘ raw data
Text Manipulation )
Join, Subtract and Group
e — Similitary-based Structural-based Repetitiveness-based Build repeated elements

1: Detection

Convert Formats

" Repeat ‘ ‘ TE- ‘ . MITE ‘ ‘ Hel ‘ ‘ LTR ‘ ‘ ‘ ‘ dna ‘ ‘ ‘
; TEdenovo

Sleliliins Masker || HMMER | | Hunter | | Search || harvest \ . PipeTE || e |
wo ww | Csne | MGE (Repeat " Repeat
STEP 1.1: Detection databank 8 databank Finder | Scan | Scout | | Explorer

T >500 bp >500 bp

PASTECIassifier Classification of —_—
UEIZENE] ‘ CD-HIT-est ‘ —

STEP 2.2: Manual check . . -
STEP 3 Annotation 2: Classification loi

. nucieic

Workflows
= All workflows

> PASTEC < > protein

HMM

Automated classification
- Using databanks

23




PIRATE-Galaxy: Classification

Analyze Data

Tools X

o 0: input ‘ Genome | ‘ llumina ‘

. assembl raw data
GetData 1: Detection Voo
Text Manipulation
Join, Subtract and GIOLIE
Eilter and Sort Similitary-based Structural-based Repetitiveness-based Build repeated elements
Convert Formats ( A )y 1 Al 8 ) N ' [ ‘
Lonveri rormats Repeat TE- ‘ MITE ‘ ‘ ‘ ‘ ‘ ‘ ‘ dna ‘ ‘
; TEdenovo
Sleliliins Masker || HMMER | | Hunter | | Search || harvest . PipeTE || e _
PIRATE Nucl HMM  SINE ‘ ‘ MGE ‘ Repeat ‘ | Repeat ‘
STEP 1.1: Detection databank 8 databank Finder | Scan Scout | | Explorer
STEP 1.2: Clusterlﬂg : : : —— :
PASTECIassifier Classification of —
utative TES ‘ CD-HIT-est ‘ =

STEP 2.2: Manual check . . -
STEP - Amnotation 2: Classification lei
STEE S Annotation nucieic

Workflows
= All workflows

HMM

Automated classification
- Using databanks

Improved by: - combining public TE databanks
- adding non-invertoried TEs sequences

- Creating new HMM profiles
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PIRATE-Galaxy: Classification

®.Galaxy
Tools X

o 0: input ‘ Genome | ' llumina ‘
Get Data assembly ) raw data

1: Detection

Text Manipulation
Join, Subtract and Group
e — Similitary-based Structural-based Repetitiveness-based Build repeated elements

Convert Formats

" Repeat

1 TE- . MITE
Fetch Alignments Masker HMMER

" Hel ‘ . LR ‘ ‘ ‘ ‘ dna H ‘
TEdenovo
_ Hunter ‘ ‘ Search ‘ harvest L . PipeTE || HETh )
PIRATE Nucl HMM | SINE . MGE | Repeat | Repeat
STEP 1.1: Detection databank 8 databank Finder | Scan | Scout | | Explorer
T >500 bp >500 bp
PASTEC |assifier Classification of e
M= ‘ CD-HIT-est ‘ —
STEP 2.2: Manual check . r . -
STEP 3 Annotation 2: Classification i
' nucieic

Workflows
= All workflows

P PASTEC < > protein

HMM

'Autonomous TEsJ "Non-autonomous TEsJ ‘ Uncategorized ‘
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PIRATE-Galaxy: Classification

1=+

Tools

Get Data

Text Manipulation
Join, Subtract and Group
Eilter and Sort

Convert Formats
Fetch Alignments
PIRATE

STEP 1.1: Detection
STEP 1.2: Clustering

STEP 2.1: Classification

-

MCL Groups TE sequences into TE
famillies

BLASTn Compares the TE
sequences

STEP 3: Annotation

Workflows
= All workflows

0: input ‘

1: Detection

Genome ‘
assembly |

Similitary-based

Structural-based

‘TEdenovo

| Repeat
Scout

Repetitiveness-based

| Repeat ‘ ‘ TE- ‘  MITE ‘ ‘ Hel H LTR ‘

~ Masker || HMMER | | Hunter | | Search || harvest
Nucl HMM [ SINE  MGE
databank databank ‘ F'Inder‘ ‘ Scan ‘

>500 bp
‘ CD-HIT-est ‘
- Classification
‘ PASTEC

<

b

)

' lllumina
raw data

Build repeated elements
"' dna
. PipeTE

| Repeat ‘
| Explorer |

H RepArk ‘

>500 bp

nucleic
protein

HMM

ﬂ} J "Autonomous TEsJ "Non-autonomous TEsJ ‘ Uncategorized ‘

Familly 1 [

Familly 2 [

Group TE sequences into TEs families
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PIRATE-Galaxy: Annotation

2.Galaxy
Tools nfn

o 0: input ‘ Genome | ' llumina ‘
Get Data assembly ) raw data

1: Detection

Text Manipulation

Join, Subtract and Group
T — Similitary-based Structural-based Repetitiveness-based Build repeated elements

Convert Formats

| Repeat | ‘ . MITE

i TEdenovo‘ ‘
Eetch Alignments - Masker ‘ ‘ HMMER | | Hunter ‘ ‘ Search H harvest ‘ ‘

L PlpeTE

PIRATE Nucl HMM [ SINE . MGE | Repeat | Repeat
STEP 1.1: Detection databank /. databank Finder Scan Scout Explorer

H RepArk ‘

STEP 1.2: Clustering
STEP 2.1: Classification >500 bp >500 bp
STEP 2.2: Manual check

‘ CD-HIT-est ‘ e

Runl TEannot (REPET) Annotation
of detected TE families

Run 2 TEannot (REPET) Annotation
of detected TE families

2: Classification

nucleic

HMM

Workflows

= All workflows

"Autonomous TEsJ "Non-autonomous TEsJ ‘ Uncategorized ‘

3: Annotation

’ TEannot ‘

Putative

3 annotations: Autonomous TES 27



PIRATE-Galaxy: Annotation

2.Galaxy
Tools nfn

o 0: input ‘ Genome | ' llumina ‘
Get Data assembly ) raw data

1: Detection

Text Manipulation

Join, Subtract and Group
T — Similitary-based Structural-based Repetitiveness-based Build repeated elements

Convert Formats

| Repeat | ‘ . MITE

i TEdenovo‘ ‘
Eetch Alignments - Masker ‘ ‘ HMMER | | Hunter ‘ ‘ Search H harvest ‘ ‘

L PlpeTE

PIRATE Nucl HMM [ SINE . MGE | Repeat | Repeat
STEP 1.1: Detection databank /. databank Finder Scan Scout Explorer

H RepArk ‘

STEP 1.2: Clustering
STEP 2.1: Classification >500 bp >500 bp
STEP 2.2: Manual check

‘ CD-HIT-est ‘ e

Runl TEannot (REPET) Annotation
of detected TE families

Run 2 TEannot (REPET) Annotation
of detected TE families

2: Classification

nucleic

| e < > protein

HMM

Workflows

= All workflows

‘Autonomous TEs‘ ‘Non autonomous TEs‘ Uncategorized

|
3: Annotation /
TEannot
Putative l

Autonomous TEs All TEs All repeated elements 28
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Control with Arabidopsis thaliana

Genome size: 157 Mb

N
m 259 TE families

Arabidopsis thaliana

- PIiRATE detects 81% of the TE families of A. thaliana
(difficulty to detect non-autonomous TEs)

- 75% of these detectes TEs were correctly classified
(difficulty to classify non-autonomous TEs)
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Use of PIRATE with T. lutea (Haptophyta)

Example with the microalga Tisochrysis lutea e’ N
Phylum: Haptophyte = 3) Genome size: 52 M
P hd
g' I.' | 17 TE families
st 0 REPBASE %mc Haptophytes
Tisochrysis lutea |
putative autonomous TEs 3.79
total TEs 20.08
Total repeated elements 37.87
0 10 20 30 40

Proportion of the genome (%)
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Use of PIRATE with T. lutea (Haptophyta)

Example with the microalga Tisochrysis lutea P 2amh N

Phvlum: Haptophvte f= \ Genome size: 82 Mb
. PEOPY \d H!I 193 contigs

P hd
t el | 17 TE families
o Sl B
s . REPBASE | of Haptophytes

Tisochrysis lutea

Putative non-autonomous TES Putative autonomous TES

LTR / Copia
LTR / Gypsy
Class | LTR / LARD
LTR / TRIM
LINE / Tx1

SINE

TIR / Tc1-Mariner
Class Il TIR / hAT
TIR / PiggyBac

TIR / PIF-Harbinger
MITE

0 1 2 3 4 5 6
Proportion of the genome (%)
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Thanks for your attention!
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How improve TE classification ?

"@}STECIassifier

To improve: Combine public databanks and

adding non-inventoried TEs

Databanks

done

Prot.

done for microalgal genomes

— Public TE databanks

STl P-MITE
SINE Base

Non- mventorled TEs —

h

= LITERATURE
> NCBI ‘ kfd“
//;L— N\

Public profil HMM

Ptam CYDPB

Gypsy Database 2.0
New profiles HMM

QHMMER
|
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