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RepeatExplorer pipeline

The pipeline combines all 
principles of repeat identification:

De novo (“repetitiveness”) 
(graph-based clustering can handle 
millions of reads)

Structure-based approaches
●  shape of cluster graphs
●  investigation of assembled contigs

Similarity searches
●  protein domains (blastx)
●  CDD (RPS-BLAST)
●  RepeatMasker

Repeat annotation is achieved by 
combining all three approaches



  

Summary table



  

Summary table – new features

Automatic classification / super-clusters
are not yet available in the public RE



  

Detailed information for the largest clusters

RepeatExplorer output files

Contig
assembly

Protein domains

Similarity
searches



  

Repeat annotation

For repeat annotation in individual clusters, consider:

Shape of cluster graph

Significant similarity to conserved types of repeats (45S and 5S rDNA, cpDNA)

Similarity to conserved protein domains

Structural features of assembled contigs (dot-plot)

Variability and masked regions of reads in contig assembly

(blastn and blastx to GenBank)

Cluster connections via paired-end reads

LTR + primer binding site (PBS) detection

Automated classification

Be prepared to leave some clusters without annotation !



  

Graph shapes
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Linear graphs

DNA transposons, LINEs, ...



  

Linear graphs

DNA transposons, LINEs, ...

RT domain
(LINE)

insertion
sitesassembled contig



  

Linear / large circular graphs
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LTR-retrotransposons



  

Linear / large circular graphs

LTRLTR

LTR

LTR-retrotransposons

LTR

GAG

PROT

INT

RT

RH



  

Linear / large circular graphs
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Cluster fragmentation 
leads to linear graphs !



  

Linear / large circular graphs

Cluster fragmentation leads to linear graphs !

LTR-retrotransposon Ogre in Vicia pannonica (~ 40% of the genome)



  

Linear / large circular graphs

Cluster fragmentation leads to linear graphs !

LTR-retrotransposon Ogre in Vicia pannonica (~ 40% of the genome)

Evaluation of cluster
connections via
paired-end reads



  

Linear / large circular graphs

Cluster fragmentation leads to linear graphs !

45S rDNA plastid DNA
(contamination)

Both can be easily recognized by similarity searches



  

It's getting complicated...

Repeat variants with partial similarity
(depends on similarity threshold)

Variants differing in indel



  

It's getting complicated...

...but it has some meaning

(in this case, presence of element variants
differing in LTR sequence and in deletion
within gag-pol region)



  

It's getting complicated...

...but it has some meaning

OR NOT ?   ;-)



  

Using different algorithms for calculating graph topology



  

Circular graphs

TANDEM REPEATS

Read length >= monomer

Read length << monomer



  

Circular graphs

microsatellite (6bp)
(GAACCT)n

satellite  190 bpsatellite  35 bp



  

Circular graphs

SINE satellite  190 bpsatellite  35 bp



  

Circular graphs

SINE satellite  190 bpMITE
(foldback)



  

Insertion sites of mobile elements

MITE
(foldback)

TIRTIR

contig



  

Insertion sites of mobile elements

A new tool for detection of LTR / PBS sites

LTR-retrotransposon
LTR LTRgag-pol

TG...                ...CA TG...                ...CA

PBS (primer binding site)
similarity to tRNA



  

Insertion sites of mobile elements

A new tool for detection of LTR / PBS sites
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Insertion sites of mobile elements

A new tool for detection of LTR / PBS sites

LTR-retrotransposon
LTR LTRgag-pol

TG...                ...CA TG...                ...CA

PBS (primer binding site)
similarity to tRNA

The tool searches assembled contigs (ACE files) for differences in proportions of masked reads
accompanied by occurrence of TG/CA

...and similarity to tRNA



  

Insertion sites of mobile elements

A new tool for detection of LTR / PBS sites

LTR-retrotransposon
LTR LTRgag-pol

TG...                ...CA TG...                ...CA

PBS (primer binding site)
similarity to tRNA

Program output:

tRNA-Arg

(window size 7)



  

“Chimeric” clusters ?

Reconstruction of rDNA gene cluster in Silene latifolia

18S

5.8S

25S

IGS

18 S 5.8 25 S

intergenic
spacer (IGS)

TANDEM REPEAT

Satellite repeat X43.1
(Buzek et al. 1997)

TANDEM REPEAT

(Vyskot lab)

Additional 
loci of X43.1 
occur 
outside 
rDNA IGS



  

Repeat quantification

Based on numbers of reads
in individual clusters

(more info during practical training)

Using paired-end read
information for improving
cluster annotation



  

Repeat quantification

Cluster annotation and quantification Proportions of various repeat types in a genome
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