
Tandem Repeat Analyzer - TAREAN

Extension of RepeatExplorer clustering

Automated identification of clusters derived from tandem repeats 

and reconstruction of monomer consensus sequence 
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Extension of RepeatExplorer clustering

Read length >= monomer

Read length << monomer
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Principle

Paired-End Sequencing
Forward

Reverse
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Principle

Paired-End Sequencing

All-to-all comparison - blast

Forward

Reverse

  query   subject    pid   e.value   strand
 66706r   130626f   93.22   3e-20       +
 65114r    95482r   95.35   4e-16       -
 32080f    22009f   93.65   3e-23       +
 85661f    22009f   97.14   9e-14       -
 66706r     9071r   95.74   2e-18       +
130626f     9071r   95.83   5e-43       +
 66706r   147917r   95.74   2e-18       -
…
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Principle

Signed graph

Reverse complement subset 
of reads  to get the same 
sign on all graph edges

All reads same orientation
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Principle

Simplified graph as 
minimum spanning tree
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Principle

● ~50% reads are in 
reverse complement

● the same sign on all 
graph edges

Original orientation

Reverse complement
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Principle

Paired-End Sequencing

All-to-all comparison – blast – position of alignment and same orientation 
enable directed graph construction:

Forward

Reverse
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Principle

Paired-End Sequencing

All-to-all comparison – blast

Directed graph

Forward

Reverse
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Principle

A directed graph is called strongly connected if there is a path in each 
direction between each pair of vertices of the graph. 
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Principle

size of the largest strongly connected components 

Total graph size
Loop index   =
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Principle

Paired-End Sequencing
Forward

Reverse

Pair completeness = fraction of complete pairs in cluster
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Principle
Satellites tend to have pair completeness and loop index close to 1



Tandem Repeat Analyzer - TAREAN

kmer based tandem repeat monomer consensus 
reconstruction:

Sequence read:

AAAGCTCAGTTTCGAGCCAGAGACCAGAAAGTGTGGGAGCTTACAGCGCAACTTCAGCAAGAGCGGAG

AAAGCTCAGTT
 AAGCTCAGTTT
  AGCTCAGTTTC
   GCTCAGTTTCG
    CTCAGTTTCGA
     TCAGTTTCGAG
      CAGTTTCGAGC
       AGTTTCGAGCC
        .......

AAAGCTCAGTT AAGCTCAGTTT AGCTCAGTTTC GCTCAGTTTCG

CTCAGTTTCGA TCAGTTTCGAG CAGTTTCGAGC CAGTTTCGAGC

11mers

de Bruijn graph
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Consensus reconstruction:

TCTGA

CTGAT

TGATG GATGA

ATGAA

TGAAA

GAAAT

AAATCAATCT

ATCTG

Tandem repeat with monomer 
length 10nt:

       AATCTGATGA
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Consensus reconstruction:

TCTGA

CTGAT

TGATG GATGA

ATGAA

TGAAA

GAAAT

AAATCAATCT

ATCTG

Tandem repeat with monomer 
length 10nt, two sequence 
variants:

      AATCTGATGA

TGATC GATCA

ATCAA

TCAAA

CAAAT

C
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Cluster merging

W  number of reads pairs shared between 
clusters x and y 
n

x
 and n

y
 is number of reads in cluster x and 

cluster y with absent read mate within the 
same cluster respectively

Suitable k
x,y

 cutoff 0.05 – 0.2   

full connection: k
x,y

=1

no connection k
x,y

= 0

k x , y=
2W
nx+n y

Merging of related clusters
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Results: 500k paired reads, P. sativum
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Results: 500k paired reads, P. sativum

PisTRB
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Results: 500k paired reads, P. sativum
PisTRB – consensus based on 11mers
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Results: 500k paired reads, P. sativum
PisTRB – consensus based on 15mers
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LTRLTR

LTR

LTR-retrotransposons

LTR

GAG

PROT

INT

RT

RH
● Circular layout, loop index → 1
● frequently high pair completeness

● detection of long ORF
● Indetification of PBS 
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Results: 500k paired reads, P. fulvum
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● Simple repeat are not necessary detected due to dust 
filtering in all-to-all megablast step ( e.g. telomeric)

● Clusters derived from some contaminants with circular 
DNA (plasmids, bacteriophages, viruses) look like 
tandem repeats → similarity based annotation 

● Cluster fragmentation → merging

● ~500k paired reads sufficient for major satellite 
detection

● Alternative monomers, 'chimeric tandem repeats'



Tandem Repeat Analyzer - TAREAN

Galaxy implementation:



ChIP-Seq Mapper
Tool based on Neumann el al. 2012, PloS Genetics
Identification of centromeric repeats by ChIP-seq 
without reference genome assembly

Isolation of nuclei,
digestion with 
micrococcal

nuclease
DNA isolation

(“INPUT”)

DNA isolation
(“ChIP”)

Chromatin
immunoprecipitation
with CenH3 antibody

Sequencing

Sequencing

Mapping reads to 
Clusters through contigs

calculating ratio of 
ChIP / INPUT

Cluster = repeat
family

Advantage: 
relatively fast,  less computationally demanding
sufficient to identify all major centromeric repeats
ChIP enrichment value is calculated for all clusters

Disadvantage:
misses most single/low copy sequences
insufficient to identify low-abundant repeats

 

Reference = contigs from clustering

Whole genome 
sequencing and clustering
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digestion with 
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Sequencing
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ChIP-Seq Mapper
Tool based on Neumann el al. 2012, PloS Genetics
Identification of centromeric repeats by ChIP-seq 
without reference genome assembly

Galaxy implementation: >CL10Contig2870 (546-72.8-39765)
ATGGAAGCTGGAAAAAATCAAGTCATCTGAAAAAGTCAA
CTACAGAGTCAAACTTTGACTTTTTGGGGTTTTGGTCAA
ATTTGAATTTCTCAAGTCAAGTATCATGGAAATATGT
>CL3Contig28 (156-32.8-76565)
CTTATTTTCAACCCCAATTGGCTTGTGCTTCATCATCAT
ATACATTCATACATATCATTGGTTCTATGGTTATGGGAT
CAAGGTATCTTTCTATTGGTTTTTTCAAGCACTAGAAGA
TGAAGATCTGATTATCAGTGCAAGGAGGATGGTATATCC
TCATGTGTCA
...

Reference – Contigs from clustering



ChIP-Seq Mapper
Tool based on Neumann el al. 2012, PloS Genetics
Identification of centromeric repeats by ChIP-seq 
without reference genome assembly

Galaxy implementation: ChIP and Input data:

Uniform length 
~ 100 nt

About 106 reads is sufficient



New tools availability

https://galaxy-elixir.cerit-sc.cz/

Development status – alpha version

Use it and report bugs!

https://galaxy-elixir.cerit-sc.cz/
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