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What is RepeatExplorer?

Implementation of principles described in:

* Repetitive DNA in the pea (Pisum sativum L.) genome: comprehensive
characterization using 454 sequencing and comparison to soybean and Medicago
truncatula (BMC Genomics 2007, 8:427)

* Graph-based clustering and characterization of repetitive sequences in next-
generation sequencing data ( BMC Bioinformatics 2010, 11:378)

* TAREAN: a computational tool for identification and characterization of satellite DNA
from unassembled short reads. Nucleic Acids Res., doi:10.1093/nar/gkx257(2017)

Available Tools: Contributors:

* NGS data preprocessing Jiri Macas

: Pavel Neumann
* Graph-based clustering

o Jaroslav Steinhaisel
* Characterization of repeats:

Jiri Pech
Karsten Klein

* Identification, Annotation, Quantification

» Satellite identification
Georg Hermanutz

* Chip-Seq analysis

Nina Hostakova
* Protein domain search Petr Novak



Graph Based Representation of Sequence Reads
What is Graph?

edges

(vertices,nodes) |




Graph Based Representation of Sequence Reads

The are two approaches how to use a graph to describe
and analyze sequences reads:

* Overlap-Layout-Consensus
* De-Bruijn Graph



Graph Based Representation of Sequence Reads

The are two approaches how to use a graph to describe
and analyze sequences reads:

* Overlap-Layout-Consensus
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Graph Based Representation of Sequence Reads

The are two approaches how to use a graph to describe
and analyze sequences reads:

* De-Bruijn Graph
Sequence read:

AAAGCTCAGTTTCGAGCCAGAGACCAGAAAGTGTGGGAGCTTACAGCGCAACTTCAGCAAGAGCGGAG

AAAGCTCAGTT
Aﬁgg$gﬁg¥$$c AAAGCTCAGTT ap» AAGCTCAGTTT o AGCTCAGTTTC —p GCTCAGTTD
GCTCAGTTTCG
CTCAGTTTCGA K
TCAGTTTCGAG CTCAGTTTCGA 4 TCAGTTTCGAG - CAGTTTCGAGC —p CAGTTTCGAGC
CAGTTTCGAGC
AGTTTCGAGCC




Graph Based Representation of Sequence Reads

Why to use graph representations :

The are number of available algorithms for graph analysis

* Robust partitioning/classification of reads based on mutual
similarities

* Informative graphical representation (layouts)

* Path in graph can be converted to contigs



Graph Based Representation of Sequence Reads

Why to use graph representations :

The are number of available algorithms for graph analysis
* Robust partitioning/classification of reads based on mutual
similarities




Graph Based Representation of Sequence Reads

Why to use graph representations :

The are number of available algorithms for graph analysis

* Informative graphical representation (layouts)




Graph Based Representation of Sequence Reads

Why to use graph representations :

The are number of available algorithms for graph analysis

* Path in graph can be converted to contigs

sequence variant

@@@@
@@@_@@@@@@@@@

@ @ @ TGCTG { GOTGG I CTGGT = TGGTC @ @ TCTCT

(CROTE  2CTE5 T2+ FTOTE > TOTES r GTRGS r» FTGGT r(FGOTE o GOTCE e GTCGT o TEGTA o CTAG)

“bubbles” — sequence variants shorter paths — deletions




RepeatExplorer workflow

Preprocessing

Quiality control
Triming
Adapter removing

All-to-All
Comparison

all reads

Sequence
S » Graph

subset

Estimating data mgblast
size limit hit filtering



RepeatExplorer workflow

Paired-end analysis

Ve

Comparing with
known repeats

Built in database ‘
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Preprocessing

Preprocessing

Quality control
Triming
Adapter removing




Preprocessing

RepeatExplorer operates under GIGO principle:

Garbage Out

Garbage In



Preprocessing

* Quality control

* Trimming, filtering, adapter removing
* Convert fastq to fasta

* Interlacing, sampling

* Modification of sequence identificators



Preprocessing

* Quality control FastQC program

Basic Statistics

Per base sequence quality
Per sequence quality scores
Per base sequence content
Per base GC content

Per sequence GC content
Per base M content
Sequence Length Distribution
Sequence Duplication Levels
Cverrepresented seguences

Kmer Content

OOO00OOO0LO

e Galaxy
 GUI based
e Command line

Quality scares acrass all bases (Tlumina =v1.3 encoding)
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T """*u—\__,--"'-'-' _L-_\-H_""*—\--..
T Measure Value
Filename fastg data.fastg
File type Conventicnal base calls
- Encoding Sanger / Illumina 1.9

Total Sequences 16772669

Sequence length 75

%GC 45
Back to summary

Bioinformatics Group at the Babraham Institute.



Simple addapter detection

\

Concatenated reads!

Preprocessing

* Quality control
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Dotter - graphical dotplot
program for detailed
comparison of two sequences




Preprocessing

* Quality control

y Visual inspection!

@DRR0O13373.1 HWI-ST1034:55:COBMWACXX:1:1101:1149:2090/1
ATGAGATAACGCCTAATGAATCCGACGAAACTGCGGATCTCCGGCAAAGTCTTCGAATCTCCGGTGAAGAAATCAGATCCGGTGAGCGACGGAGTCGTCGA
+
CCCFFFFFHHHHHJJJJJJJJJJJIJJITIJIIIIIIIFHIJIIJIIIHHFFFEEEEEDDDDDDDDDD ; BBCDDDDDDDACCDDDD>B?B9>3>>@#####H####
@DRR013373.2 HWI-ST1034:55:COBMWACXX:1:1101:1205:2126/1

AACTTCATCGAATGCCTTCGCH TTAGTTCGGAGAATCCAATCACCGATGCCATCTTTACAGCCGATAACACCACCACCTTCTTGTCTTCTTACGT
+
CCCFFFFFHGHHHJJJJJAJ
@DRR0O13373.3 HWXE
ATACTCAGTCAT’
+ i |

CCCFFFFFHHE ] 51033333333 JJIIIIIITIIIITIIHHGIIIGIIITIIIIICHHGGF@DFFFDEDDECECCAABDDDDDDDBC

JJJJIITJIIIIGIJIIIIIIGHHFFFFFFECEEEDDDDDDDDCDBBDDDDBDCCDDDDDDDDDCCCDB
X:1:1101:1300:2065/1
GACTCCAAAAACCCTACACAAGCTTATTATGGCTTCCCCAAGTTTTCTAAGTGAGGACGAAGACCCT

@DRRO13373. ; ¥ = TCOBMWACXX:1:1101:1479:2108/1

TGCAACTCGTTG Y T GAAAAGTAGGAGACTTGAAGATGCACGGAAGGTGTATGACGAAATGTGTGAGAGAGGTGGCTGTGTTGATAATTA
+ |

@C@FFFFFHHHHHJ.
@DRRO13373.5 H
ATCCGTTGCCGAGA
" “
CCCFFFFFHHGHFGHGHHFHGIGCGIJJJEHCHIJJJJJFIGGIGHGIGIFFCC>B=BBB<@BCDDDDD9@B?B<>9AC<ACDCBD#######H#HH#H#HH#
@DRRO13373.6 HWI-ST1034:55:COBMWACXX:1:1101:1374:2154/1
ATGCATTTAAACACTTAGCTAGCTAAAGAAACAGAGGATTCCACTAACAACCTATCCCATCCTTAAGAACTTTGCAGAACTACTCAAGAACACTGAAGAAC
+
@@CFADDFHHFFHIEHJJJJ<EEHHIIHEGGGEHGIFBHGHG@GIJHIJJIIJJIJIIITIAHGHGHIIGIGIHDGIH=?AHHHHFFFFFCCEC@CCDDDDDDCD
@DRRO13373.7 HWI-ST1034:55:COBMWACXX:1:1101:1328:2186/1
GTATATGTGGAAGGTGTGTCACGTGTAAAAAGGCTAAGTCCAAAGTGCAACCGAACGGTTTGTATACTCCTTTACCCATTCCTTCTCATCCTTGGACTGAC
+
BBBFFFFFHHHHHIFHHIHHHIHEHFGIJIJIIDHIIJEHEIJJIDGGIGFFGGI4@B;@B=; );;;BC>>@C:6.; (;@A@CAC:>5(5:>>A5:,>A?>A
@DRRO13373.8 HWI-ST1034:55:COBMWACXX:1:1101:1430:2218/1
TGGCACCTCGATGTCGGCTCTTCGCCACCTGGGGCTGTAGTATGTTCCAAGGGTTGGGCTGTTCGCCCATTAAAGCGGTACGTGGGCTGGGTTCAGAACGC
+
CCCFFFFFHHHHHHIIJIJIHGGGGIJIJIIFJJIGI2BGBFGGFGCGDCFFI.=@HH@;B;>376;?6?AQCACA? ; 5059<3( 0 (+5@B#######H#HH
@DRR0O13373.9 HWI-ST1034:55:COBMWACXX:1:1101:1469:2227/1
AATCAATATAGATTGATCCGAAATATGATTCAAATCCAATTCCAATATAGTCCCTATGGGTACATAAGAAATGTATTGAATCGATTCTTTTTAATGAAGAG

IGIHITIJITIJ?GEHEHGHJAHIJITIJJJJJJIHDHI@G@=FGGGGDHGBE?B; ; ; ACC?AB5; ?((85>5:<353:3@:
.034:55: COBMWACXX:1:1101:1352:2147/1




Preprocessing

Tool:
Preprocessing of fastq paired-reads
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* Trimming, filtering, adapter removing

 Convert fastq to fasta
* Interlacing, sampling

Cuality scores across all bases (Hlumina =v1.3 encoding])
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1. Trimming (optional)
2.
3. Discard single reads, keep complete

Filter by quality

pairs

. Cutadapt filtering
. Discard single reads, keep complete

pairs

. Sampling (optional)
. Interlacing two fasta files

[111 [

1

3 5 ¢ 9 11 13 15 ¥ 19 21 Z3 25 27 29 31 33 35 3¢ 39

Default filtering:

guality cutof . 10
percent above cuttof : 95%
Maximum Ns . 0




Preprocessing

Tool:
Preprocessing of fastq paired-reads

* Trimming, filtering, adapter removing
* Convert fastq to fasta
* Interlacing, sampling

cutadapt
https:/Icutadapt.readthedocs.io

A tool that removes adapter sequences from
high througput sequence reads

e Sequence trimming
or
 Complete removal

Adapter presence greatly affect all-to-all
comparison computational time and contig
assembly

1. Trimming (optional)

2. Filter by quality

3. Discard single reads, keep complete
pairs

4. Cutadapt filtering

5. Discard single reads, keep complete
pairs

6. Sampling (optional)

7. Interlacing two fasta files
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https://cutadapt.readthedocs.io/

Preprocessing

. ool:
- Trimming, filtering, adapter removin reprocessing of fastq paired-reads

 Convert fastq to fasta L .
i - . Trimming (optional)
* Interlacing, sampling _ Filter by quality
. Discard single reads, keep complete
airs
. Cutadapt filtering
. Discard single reads, keep complete

:1101:1205:2126/1

@DRRO13373.1 HWI-ST1034:55:COBMWACKX:1:1101:1149:2090/1

+

. .
Jo11. 333161

@DRRO13373.3 HWI-ST1034:55:COBMWACKX:1:1101:1300:2065/1 3 1101:1300:2065/1 .

+

33313 THHGIIIGIIILIL J3IITITHHGIIICILS:
@DRRO13373.4 HWI-ST1034:55:COBMWACKX:1:1101:1479:2108/1

: Pl . Interlacing two fasta files

T ; /ACC?ABS ;2 ((85>5:<353:30:
@DRRO13373.5 HWI-ST1034:55:COBMWACKX:1:1101:1352:2147/1 1101:1352:2147/1

+

@DRRO13373.6 HWI-ST1034:55:COBMWACKX:1:1101:1374:2154/1

55:COBMWACXX:1:1101:1374:2154/1

+

32 HWI-STL. 1101:3552:2172 1

>SRR2040790.32 HWI-ST1146:96:CLI4TACKX: 8:1101:3552:2172 2

86 HWI-ST1. 1101:5893:2119 1

>SRR2040790.86 HWI-ST1146:96:CLI4TACKX:8:1101:5893:2110 2

96 HWI-ST1. 1101 1

>SRR2040790.96 HWI-ST1146:96:CLJ4TACKX:8:1101:6039:2225 2

104 BWI-STI: 7ACXX:8:1101 1

>SRR2040790.104 EWI-ST1146:96:C1J47ACKX:8:1101:6592:2227 2

>SRR2040790.133 EWI-ST1146:96:CLJ47ACKX:8:1101:7820:2106 1

>SRR2040790.133 EWI-ST1146:96:C1J47ACKX:8:1101:7820:2106 2

>SRR2040790.166 EWI-ST1146:96:CLJ47ACKX:8:1101:9075:2203 1

>SRR2040790.166 EWI-ST1146:96:C1J47ACKX:8:1101:9075:2203 2

>SRR2040790.200 EWI-ST1146:96:C1J47ACKX:8:1101:10291:2231 1

>SRR2040790.200 EWI-ST1146:96:C1J47ACKX:8:1101:10291:2231 2

266 HWI-STL TACKX:8:1101: 1

>SRR2040790.266 HWI-ST1146:96:C1J47ACKX:8:1101:13442:2126 2




Preprocessing

Modification of sequence identificators

Genome AB
>FUXEH4VO0O1lEAG6S8. . ..
acgacagctgactaatgc
>FUXEH4VO01BKPDK
cttcgaggctacacgagct
>FUXEH4VO01AJAJV
actatcgacactgccggcgcg

Genome XY
>FOX50LUO2GZ8YF. ...
gccccgtegeecgteecgtgteg
>FO0X50LU02I1AMY
tgtgtgccecgtctgegegecece
>FOX50LUO2HYN8U
atatgctatgcgcgce

Tool: affixer

comparative analysis:
>AB1
acgacagctgactaatgc
>AB2
cttcgaggctacacgagct
>AB3
Actatcgacactgccggcgcg
>XY1
gccccgtcegecgteecgtgteg
>XY2
tgtgtgccecgtcectgegegecccece
>XY3

atatgctatgcgcgcec




all reads
or
subset

Estimating data
size limit




Prerun: all-to-all segquence comparison on small sample of NGS reads

kg genome specific coefficient - graph density depends on repetitive
content and genome size

ko= N(N-1) Density corresponds to probability that two randomly taken sequences
from genome will be similar

kg IS used to estimate maximum number of processable reads



Prerun: all-to-all seqguence comparison on small sample of NGS reads

Number of reads which can be processed with 16GB RAM in various plant species
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Prerun: all-to-all segquence comparison on small sample of NGS reads

Pre-clustering analysis

All-to-all sequence comparison on small sample
of NGS reads

2E
STN(N—1)

N .. 20,000 sample reads
E .. number of identified similarity hits

kg genome specific coefficient - graph density
depends on repetitive content and genome size

Density corresponds to probability that two
randomly taken sequences from genome will be
similar

kg IS used to estimate maximum number of

reads providing that we can process ~ 340 -10°
of similarity hits on machine with 16GB of
RAM

Number of reads which can
be processed with 16GB RAM

12000000 —
10000000 —
8000000 —
6000000 —
4000000 - .

2000000 — .

[ | | |
0 10000 20000 30000

Genome Size [Mbp]
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40000




All-to-All Comparison

All-to-All
Comparison

all reads

Seqguence
S » Graph

subset

mgblast
hit filtering




All-to-All Comparison

All pairs of reads with similarity above threshold
are found using megablast:

Default threshold:

Minimal overlap : 55 bp and 55% of length
of shorter sequence

Minimal similarity : 90%

Stringency affects maximum number of reads!

Length of overlap must be adjusted for reads
shorter then 100 nt

55% of length and 90% similarity is hardcoded
Cannot be changed!



All-to-All Comparison

All pairs of reads with similarity above threshold
are found using megablast:

Default threshold:

Minimal overlap : 55 bp and 55% of length
of shorter sequence

Minimal similarity : 90%

Stringency affects maximum number of reads!

Length of overlap must be adjusted for reads
shorter then 100 nt

55% of length and 90% similarity is hardcoded
Cannot be changed!

Presence of unfiltered adapter sequence
Does not pass similarity threshold, but

All-to-all comparison extremely slow!



All-to-All Comparison

All pairs of reads with similarity above threshold
are found using megablast:

Default threshold:

Minimal overlap : 55 bp and 55% of length
of shorter sequence

Minimal similarity : 90%

Stringency affects maximum number of reads!

Length of overlap must be adjusted for reads
shorter then 100 nt

55% of length and 90% similarity is hardcoded
Cannot be changed!

Low complexity repeat — DustMasker

Simple repeats underestimated:
- Telomeric motifs
- microsatellites



Clustering

Seqguence a
Graph




Clustering

Clustering




Cluster centered analysis

Paired-end analysis
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Custom database




Cluster centered analysis

Paired-end analysis

Ve




Supercluster Identification




Supercluster Identification

Reads which originate from single repeat are frequently
split into multiple cluster during clustering phase — we need
to identify such clusters



Supercluster Identification

|dentification of related clusters from presence of paired reads

W number of reads pairs shared between
clusters x and y

n_and n IS number of reads in cluster x and
cluster y with absent read mate within the
same cluster respectively

Suitable kxy cutoff 0.05 - 0.2

full connection: kxy=1

no connection kxy= 0




Supercluster Identification

Supercluster

(o) @ o
¥ e
2
® @
@ @ paired-end read analysis @ @
v @)
@) @3



Supercluster Identification

In absence of paired-end reads
clusters are equivalent to superclusters

Supercluster

(o) @@@@

@ @ @ paired-end sead analysis @



Cluster centered analysis

Tandem
repeats
annotatio




Tandem Repeat Analyzer - TAREAN

Read length << monomer

Read length >= monomer

——p—p—p—p—p

TAREAN calculates graph layout and provide
automatic analysis of graph topology with aim to
identify tandem repeats



Tandem Repeat Analyzer - TAREAN

Paired-end reads

Graph based read
clustering

— Clusters of reads

%/@’W%:E—_.

Read orientation

}
11;
N

— Directed graphs

wd




Tandem Repeat Analyzer - TAREAN
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Tandem Repeat Analyzer - TAREAN

— Directed graphs-

=

-— -— - -
A r X
-— - - -

A directed graph is called
strongly connected if
every vertex is reachable
from every other vertex



Tandem Repeat Analyzer - TAREAN

size of the largest strongly connected components

Total graph size

C — Connected component index



Tandem Repeat Analyzer - TAREAN

Paired-End Sequencing

Forward

—
Reverse
E—— " . ~
[ — [ — - e ">
| — C — — o —_ e




P=0.52

s &%

Tandem Repeat Analyzer - TAREAN




Tandem Repeat Analyzer - TAREAN

v

- Clusters of potential tandem repeats —

k-mer counting

—Tandem repeats as de Bruijn graphs——

- ATACA—a_
TATAC
g TACAT:
CTATA ACAT
ACTAT
CATAA CATAG
TACTA ¥
ATAAA
AGCT. TAAAC i
GecTac  TAGCT TAGAC
- AAACG
CGCTA AGACG
GGTAG AACGT
TCGCT GACGT
TGGTA ?TG/
GTCGC )‘ CoTG
GGTCG GTGGT4«—
~—TGGT

l Identification of cycles

CATAZACGT

— Consensus sequences

T<GCTACTATA




Tandem Repeat Analyzer - TAREAN

TAREAN sort clusters into five groups

 Putative satellite (high confidence)
high P and € score

 Putative satellite (low confidence)
P and C score lower

 Putative LTR element
Primer binding site detected, presence of long ORF

* rDNA
tandem organization + similarity to known rDNA sequences

« Other clusters



Cluster centered analysis




Assembly

Reads are assembled by CAP3 program, each clusters
separately:

ACTGTGTCGTCGTCGTCGTGTG
CGTCGTCG-CGTGTGGT Reads
GTCGTGTG-TTGTCGTCTGA
ACTGTGTCGTCGTCGTCGTGTGGTTGTCGTCTGA Contig

Putative satellite clusters are not assembled by CAP3,
instead TAREAN generate k-mer based consensus:

=1 TR Impcmr-’ﬂﬂr@;cm AT TMACATETATACAATABATATTT
=K ‘“IL@J TSI e



Cluster centered analysis

Comparing with
known repeats

Similarity
\ based
Built in database annotation

Custom database




Similarity based annotation

All reads are compared with:

* Database of protein domains
* DNA database
* Custom database (optional)




Similarity based annotation

All reads are compared with:

* Database of protein domains

= Ty3-INT

® Ty3-RT

= Ty3-RH
Ty3-CHDCR

" CACTA-TPase

*
- t
*
-
N 4’ -
'y -
. o oP
PN >
2
0

Protein domains are derived from coding sequences of transposable elements



Similarity based annotation

All reads are compared with:

* DNA database (Viridiplatae specific!)

* IDNA

* tRNA

* Plastid DNA

* Mitochondria DNA

e Sequences of potential contaminants



Similarity based annotation

All reads are compared with:

* Custom database (optional)

Library of repeats as DNA sequences in fasta
format. The required format for IDs in a custom
library is :

>reapeatnameficlass/subclass



Reporting

Results
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Reporting

109610 read total

101061 reads in 8549 singlets
1051 supecluster (1090 clusters )
¢ cluster &
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Reporting

W Ivana Ty1-GAG
B Ivana Ty1-PROT
lvana Ty1-INT
101061 reads in . Ivana Ty1 -RH
1051 supecluster (1090 clusters ) . Ivana Ty1 ‘RT

109610 read total

2| lcluster @
~ Cluster
H 7))
T g |
% = CIUSter - | /
E — /
E
c (@)

annotations_summary 24.02% Class_I/LTR/Ty1_copia/Ivana:Ty1-RT
14.36% Class_I/LTR/Ty1_copia/Ivana:Ty1-RH
1.04% Class_I/LTR/Ty1_copia/Ale:Ty1-RT
0.17% Class_I/LTR/Ty1_copia/SIRE:Ty1-RT
0.11% Class_I/LTR/Ty1_copia/Ale:Ty1-RH
0.08% Class_I/LTR/Ty1_copia/TAR:Ty1-RT
0.03% Class_I/LTR/Ty1_copia/Gymco-II:Ty1l-RH
0.03% Class_I/LTR/Ty1_copia/Tork:Ty1-RT

0 10 20 30 0.03% Class_I/LTR/Ty1_copia/lkeros:Ty1-RH

5000

S/UPE

number of reads [



Reporting

15000

R

cluster

SIUPERCILUSTE

cluster

10000

cluster

number of reads [reads)

5000

L1

CL13
2440

CLS

W Ivana Ty1-GAG
B Ivana Ty1-PROT
lvana Ty1-INT
M Ivana Ty1-RH
M lvana Ty1-RT

oy
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Reporting

| nhits | proportion | domains_string
All | 3181 | 0.32 |
?--repeat | 3181 | 0.32 |
?--mobile element | 3181 | 0.32 |
®--Class_1I | 3181 | 0.32 |
°--LTR | 3181 | 0.32 |
?--Tyl copia | 3181 | 0.32 |
1--Ale | 64 | 0.0865 | 3 (Tyl-INT), 1 (Tyl-PROT), 4 (Tyl-RH), 56 (Tyl-RT),
I 1--Alesia | 5 5e-04 | 5 (Tyl-INT),
AT '--Angela | 1] le-04 | 1 (Tyl-INT),
!--Bianca | 1| le-04 | 1 (Tyl-RT),
i1--Bryco | 14 | 0.0014 | 14 (Tyl-INT),
1--Gymco-I | 1| le-04 | 1 (Tyl-INT),
1 --Gymco-IT | 3 3e-04 | 2 (Tyl-INT), 1 (Tyl-RH),
_ 1--Tkeros | 3 3e-04 | 2 (Tyl-INT), 1 (Tyl-RH),
T 1--Ivana | 3062 | 0.31 | 288 (Tyl-GAG), 985 (Tyl-INT), 189 (Tyl-PROT), 513 (Tyl-RH), 1087 (Tyl-RT),
3 1--SIRE | 8 | 0.00081 | 2 (Tyl-INT), 6 (Tyl-RT),
e 1--TAR | 4 | de-04 | 1 (Tyl-INT), 3 (Tyl-RT),
D °--Tork | 15 | 0.0015 | 2 (Tyl-GAG), 12 (Tyl-INT), 1 (Tyl-RT),
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Reporting - Repeat annotation summary

O o s e == = -

| Genome proportion[%] | Nsuperclusters | Nclusters | Nreads

Unclassifed | 6.92 |

| Genome proportion[%] | Nsuperclusters | Nclusters | Nreads

contamination | 6.42 |

]
]
]
]
o

--TatIII | 0
--TatIV_Ogre | 0
—=TatV | 0

O OO

| Genome_proportion[%] | Nsuperclusters | Nclusters
Unclassified repeat | 0 | 0 | 0
--rDNA | 0 | 0 | 0
1 ——45S_rDNA | 14.71 | 1| 9
] i——-18S_rDNA | 0 | 0 | 0
| 1 ——25S_rDNA | 0 | 0 | 0
] °——5.8S_rDNA | 0 | 0 | 0
°--5S_rDNA | 2.3 | 1 1
--satellite | 20.11 | 4 | 8
--mobile element | 0 | 0 | 0
i——Class I | 0| 0 | 0
| --SINE | 0| 0 | 0
|--LTR | 0 | 0 | 0
| i——Tyl_copia | 0 | 0 | 0
i i |--Ale | 0 | 0 | 0
| | |--Alesia | 0 | 0 | 0
H H \—-Angela ] 0 1 0 1 0
| Genome proportion[%] | Nsuperclusters | Nclusters | Nreads

organelle | 0 | 0 | 0 | 0

| --plastid | 8.57 | 1| 10 | 9396

°--mitochondria | 0 | 0 | 0 | 0
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What is the best hit?

Top-down classification
Threshold: 50 hits or 0.05%

Min 90% / 10% ratio to go to

deeper in classification.
All

The “best hit” algorithm will likely \
change (improve)in near future.  (‘contamination @@
!
(plastid) [mibchondria) [rDNAj (saiellilej

\
5.85_rDNA] [SINE (LTR@ViMSJ [DIRS] [Penebpe) LINE)

‘/’/
l (kemsj @(&mr} SIRE) (TARJ (Torkj [Tﬂ oulgrc-upj [non—chromowr{ \tchromowrus) (Mlmm
/

M
[nonchromo—oulgrmp) (Phygy)ﬁvj [OTA] [Chlamwlr [Tcm] (CRMJ [Galadnel) (Tekayj [Rema] (chrnm-}outgroup
/ \

Alhlla Ogre Tal

Gss_rnmj 255_rDNAJ

Tatl Tatll [ Tatlll ) TatlV Ogre TatV J




Full Repeat Analysis vs. Tandem Repeat Analysis

Clustering can be run in two different modes:

* Full Repeat Analysis

Focus on all types of repeat but less sensitive satellite detection

* Tandem Repeat Analysis
Focus on tandem repeat detection only
Better sensitivity of satellite identification



Full Repeat Analysis

Paired-end analysis

ﬁ Superclusters

N\

)
REN IS

SUUESS
Tandem
repeats >
annotatio
Comparing with
known repeats -
Similarity
based
annotation

Built in database

Custom database




Tandem Repeat Analysis

Clustering | Merging
Results
TAREAN Tandem synthesis

=l repeats | i
annotatio
Paired-end
analysis

 Satellite with longer monomer tend to split onto multiple clusters

* Merging before running TAREAN analysis will improve detection of such satellites



RepeatExplorer2 availability:

source code
https://bitbucket.org/petrnovak/repex_tarean

* Galaxy server — Graphical user interface
http://repeatexplorer-elixir.cerit-sc.cz/ ELIXIR-CZ instance

www.repeatexplorer.org

 Your custom instance

e Command line


https://bitbucket.org/petrnovak/repex_tarean
http://www.repeatexplorer.org/
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