
  

Using RepeatExplorer output for repeat

annotation and quantification

9th RepeatExplorer Workshop, 25.5.2021 



  

RepeatExplorer ver. 2

INPUT
Paired-end reads

CLUSTERING

CLUSTERS

CL1
CL2
CL3
CL4
CL5
CL6
CL7
CL8
CL9
CL10
CL11

…
…

CL205
…
...
…
...

CL1234

CLUSTERING
TAREAN
(satellites)

DNA
database

PROTEIN
database

 

CL1
CL2
CL3
CL4
CL5
CL6
CL7
CL8
CL9
CL10
CL11

…
…

CL205

 

CL1
CL2
CL3
CL4
CL5
CL6
CL7
CL8
CL9
CL10
CL11

…
…

CL205

 

CL1
CL2
CL3
CL4
CL5
CL6
CL7
CL8
CL9
CL10
CL11

…
…

CL205

Cluster
graph
shape

Conserved
repeats (rDNA)

and contamination
(plastid DNA)

Proteins encoded
by mobile
elements

T
O

P
 C

L
U

S
T

E
R

S



  

RepeatExplorer ver. 2

INPUT
Paired-end reads

CLUSTERING

CLUSTERS

CL1
CL2
CL3
CL4
CL5
CL6
CL7
CL8
CL9
CL10
CL11

…
…

CL205
…
...
…
...

CL1234

CLUSTERING
TAREAN
(satellites)

DNA
database

PROTEIN
database

 

CL1
CL2
CL3
CL4
CL5
CL6
CL7
CL8
CL9
CL10
CL11

…
…

CL205

 

CL1
CL2
CL3
CL4
CL5
CL6
CL7
CL8
CL9
CL10
CL11

…
…

CL205

 

CL1
CL2
CL3
CL4
CL5
CL6
CL7
CL8
CL9
CL10
CL11

…
…

CL205

Cluster
graph
shape

Conserved
repeats (rDNA)

and contamination
(plastid DNA)

Proteins encoded
by mobile
elements

Many repeats are split
to multiple clusters

(feature of the clustering
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Cluster fragmentation

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

Evaluation of cluster
connections via
paired-end reads



  

RepeatExplorer 2 – automatic detection of superclusters

Superclusters are built using
paired-end read information

(evaluating broken pairs)



  

RepeatExplorer 2 – automatic detection of superclusters
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Superclusters provide more complete annotation
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Repeat quantification

Proportions of various repeat types in a genome
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Decision tree for automatic annotation



  

How reliable is automatic annotation ?

conserved repeats (rDNA)

organelles, contamination

satellite DNA (structure-based annotation)

mobile elements (autonomous)

plants

other organisms

non-autonomous mobile elements

LTR detection

insertion site detection (coming 
soon) 
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How reliable is automatic annotation ?

conserved repeats (rDNA)

organelles, contamination

satellite DNA (structure-based annotation)

mobile elements (autonomous)

plants

other organisms

non-autonomous mobile elements

LTR detection

insertion site detection (coming 
soon) 

Working with organisms not covered in REXdb ?

●  use custom repeat database (and share it !)
●  help us to improve REXdb ;-)

Clusters without annotation

●  The lack of annotation does not mean these are not
  repeats (all repeats are detected)

●  More info available in cluster directories



  

RepeatExplorer output files

Always download and use archive
with complete output of the analysis

●  do not work with HTML only



  

RepeatExplorer output files
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Insertion sites of mobile elements

A 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)



  

Graph shapes

read_1

read_2

read_3

read_4

read_1

read_2

read_3

read_4

pairwise alignments graph representation

similarity
exceeding
threshold

[90% simil.
55% of length]



  

Linear graphs

DNA transposons, LINEs, ...



  

Linear graphs

DNA transposons, LINEs, ...

RT domain
(LINE)

insertion
sitesassembled contig



  

Linear / large circular graphs

LTRLTR

LTR

LTR-retrotransposons



  

Linear / large circular graphs
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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)



  

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 bpMITE
(foldback)



  

Insertion sites of mobile elements

MITE
(foldback)

TIRTIR

contig



  

TAREAN

Detects clusters with circular graphs automatically

Calculates consensus sequences (alignment-free)

Uses various parameters to distinguish tandem repeats 
from mobile elements

It is recommended to run TAREAN with cluster merging 
option as a complementary analysis to RepeatExplorer



  

Using RE output for repeat annotation and quantification

Check / correct automatic annotation

Use all data available from the analysis archive (not just HTML output)

Interpret the results considering your experimental setup

e.g., proportion of reads in clusters vs. singlet reads depends on coverage

efficiency of automatic annotation depends on organism (taxon, genome composition)

More info in our practical tutorials  


