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Using RepeatExplorer output for repeat

annotation and quantification



RepeatExplorer ver. 2

N
INPUT

Paired-end reads
* J/
N

CLUSTERING

+ J

CLUSTERS

~

CL1
CL2
CL3
CL4
CL5
CL6
CL7
CL8
CL9
CL10
CL11

CL205

Conserved
Cluster repeats (rDNA) Proteins encoded
graph and contamination by mobile
shape (plastid DNA) elements
TAREAN DNA PROTEIN
(satellites) database database
N [ N )
CL1 CL1 CL1
CL2 CL2 CL2
CL3 CL3 CL3
CL4 CL4 CL4
CL5 CL5 CL5
CL6 CL6 CL6
CL7 CL7 CL7
CL8 CLS8 CLS8
CL9 CL9 CL9
CL10 CL10 CL10
CL11 CL11 CL11
CL205 CL205 CL205
AN N\ /

CL1234
\ J




RepeatExplorer ver. 2

N
INPUT

Paired-end reads
* J
N

CLUSTERING

+ J

CLUSTERS

~

CL1
CL2
CL3
CL4
CL5
CL6
CL7
CL8
CL9
CL10
CL11

CL205

CL1234
\_ J

TAREAN DNA PROTEIN
(satellites) database database
4 )
CL1 CL1 CcL1
CL2 CL2 CL2
CL3 CL3 CL3
CL4 CL4 CL4
CL5 CL5 CL5
CL6 CL6 CL6
CL7 CL7 CL7
CL8 CL8 CLS8
CL9 CL9 CL9
CL10 CL10 CL10
CL11 CcL11 CL11
CL205 CL205 CL205
- /

IDENTIFY ANNOTATE
SUPER-CL SUPER-CL
" SUPER SUPER
CLUSTERS CLUSTERS
SCL1 SCL1
CL1 satellite
SCL2 SCL2
CL5 rDNA
CLS
CL11
SCL3 SCL3
CL2 Ty3/gypsy
% CL3
CL10
% CL15
CL205
SCL4 SCL4
\__ J




Repeat quantification

Cluster sizes (numbers of reads)
are proportional to genomic
abundance of corresponding repeats

7192836 B4.1
(= 100%)
CL  reads genome % IDENTIFY ANNOTATE
SUPER-CL SUPER-CL
1 304159 4229
2 234749 3.264
3 216307 3.007 Proportions of various repeat types in a genome
4 202822 2,820
T (" SUPER SUPER )
6 145911 2029 CLUSTERS CLUSTERS
7 143766 1.999
8 142608 1.983 SCL1 SCL1 [l Ogre (subfam. PS)
J 141836 1.972 CL1 satellite I Ogre (subfam. VP/VM)
o 18 1122 I Ogre (subfam. VF/MT)
12 72781 1012 SCL2 SCL2 — et
13 67096 0.933 CL5 rDNA B Cyclops
14 65455 0.910 CL8 Il Ps-copia-1/751
15 62334 0.867 CL11 B SIRE
R Tyl ek
' SCL3 SCL3 . owW-copy I Other RE
18 45062 0.626 copia repeats / [] DNA transposons
19 144762 0622 CL2 Ty3/gypsy " |45 IDNA
20 | 43332 0602 CL3 , | Satellites
21 42344 0.589 CL10 7] Genes ()
22 40125 0.558 CL15 ' Low-copy repeats
23 39923 0.555 CL205
24 36353 0.505
25 35977 0.500
26 35674 0.496 SCL4 SCL4
27 34829 0.484
28 34534 0.480
29 34302 0.477
30 33114 0.460 - /
31 32930 0.458




RepeatExplorer output files

o E5adela <] Name ~ Sequence Clustering Summary
® [Elibdir BRIdir
= Eseqclust [E3seqclust PIPELINE VERSION : domains-v0,2,1-1795(8fff502)
[Edassembly =lcluster_report.htmi . .
= Edclustering T CLUSTER_TABLE.csv
© Edclusters =HOW_TO_CITE htm s et
[E3dir_cLooo1 = lindex.htmi ‘
[E9dir_CL0002 logdfile.d i bt
@ [E9dir_CLO003 TIstylel.css g
® [E9dir_CLO004 lsummarized_annotation.html i
® [E9dir_CLO00S slsummary_histogram.png .
® [E5dir_CLO006 wlsupercluster_report.htmi i
® [E9dir_CLO007 " SUPERCLUSTER_TABLE.csv i
® [E9dir_CLO008 wltarean_output_help.html i
® [E9dir_CLO00S wltarean_report.html E—
® [E9dir_CLO010 ITR_consensus_rank_1_fasta i | T =
® [E9dir_CLO011 TR_consensus_rank_2_fasta
® [Edir_CLo012 JTR_consensus_rank_3_fasta [ W
® [E9dir_CLO013 TR _consensus_rank_4 fasta ——— — i h:I-T-
@ [EFdir_CLO014 ﬂ . 7 . . - - . E i
s ol i P
Run statistics:
Mumber of input sequences: 109510
Always download and use arCh|Ve Mumber of analyzed sequences: 109610
W|th Complete OUtpUt Of the analyS|S Proportion of sequences in analyzed clusters ; 90 %

(dO nOt Work Wlth HTML Only) Cluster merging: Mo

FPaired end sequences: Yes
Available analyses:

Tandem repeat analysis

Cluster annotation

Supercluster annotation

Repeat annotation summary




RepeatExplorer output files

Cluster directories ~

_ - . - ) _ Cluster
o [Ejadela ] |Name -
® [ libdir Eghtmi_files
! = E3seqclust Tblast.csv
[Edassembly [lcL7 directed_graph.RData.
= E3clustering [CJcL7.GL
= Eclusters ElcL7 png
® [Edir_CcLoo01 lcL7_tmb.png
® [E3dir_CL0002 "ldna_database_annotation.csv <€—— Similarity searches
@ [Edir_CLODD3 =lindex.html
r ®(E5dir_CL0004 ILTR_info AD)
® [E3dir_CLO00S 7ILTR info.LTR y .
[E9dir_CLO006 LTR_info.with_PBS_blast.csv LTR-detection
=E9dir_CLo007 " protein_database_annotation.csv
[Ehtml_files Hreads fas 44— Read sequences
®(E5dir_CLO008 [“Jreads fas.CL7 ace
® [E3dir_CL000S “reads.fas.CL7 .aln
® [E3dir_CL0010 reads .fas.CL7.contigs
® [Edir_CLOO11 “Ireads fas.CL7.contigs.links _—
®[Edir_CLo012 __|[[Ireads fas.CL7 .contigs.qual T pemmc e -
® [E3dir_CL0013 . reads fas.CL7.info: :
® [E3dir_CL0014 “Ireads fas.CL7 singlets
® [E3dir_CL0015 “Ireads_oriented fas
®[Edir_CLOD16 Tstylel.css
@ [EFdir_ CLOD17
ml=Edir C1nn1A

assembly



Graph shapes

pairwise alignments graph representation
similarity read_1

read_1 exceeding

_MM <— threshold / read_2
read 2 m—m—— [90% simil.
read_3 % 55% of length] ead 3
read_4 ——

read 4
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I Linear graphs

DNA transposons, LINEs, ...



Linear graphs

DNA transposons, LINEs, ...
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Linear / large circular graphs

LTR-retrotransposons
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Cluster fragmentation

Repeats can be split to multiple clusters !

1772977 reads in 1772977 reads in
51086 clusters 51042 clustsrs

numberof reads [2a]

Evaluation of cluster
connections via
paired-end reads

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



Superclusters in the past...

PFL 0.1




...and now in RE 2
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It's getting complicated...

| I | |

Repeat variants with partial similarity
(depends on similarity threshold)

Variants differing in indel



It's getting complicated...

e o ...but it has some meaning

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

pbsl éy
4 LTR @s 5'UTR gag-pol LTR

pbs2



Circular graphs
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Circular graphs
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Circular graphs
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Insertion sites of mobile elements
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MITE
(foldback)

AGGGTTTTGAACAATTTTAGTCATATT
AGGGTTTTTAACAATTTTAGTCATATT
TTTTCAACCATTTTAGTCATATT
TTTAGGGTTTTCAACAATTTTAGTCATATT
TTGGGTTTTCAACAATTTTAGTCATATT

AL AAGGETTTTCAACAATTTTAGTCATATT
TTTAGGGTTTTCAACAATTATAGTCATATT
AAATAGGGTTTTGAACAATTTTAGTCATATT
TTTARAAGGGTTTTTARCAATTTTAGTCATATT
TTTTTTAGGGTTTTCARCAATTTTAGTCATATT

ATATTTAAAAGGGTTTTCAATAATTTTAGTCATATT

GGGETTTTCAATACTTTTGGTCATATT

TAAATAGGGTTTTCAACAATTTTAATCATATT

AAAGGGTTTTCAACAATTTTAGTCATATT
TTTTAGGGTTTTCAACAATTTTAGTCATATT
TAAGGGTTTTCARCAATTTTAGTCATATT

TGAAACAAATATGACCARARRAGTTAAARACCCR
TGAAACARATATGACC
TAAAACAAATATGACCAAARAATTGAARAACCCTA
TGAAACAAATATAACCARARAAGTTAAARACCE
TGAAACAAATATAACCAAARAAGTTAAAAACCCTTAT
TGARACAAATATGACCARARAAGTTAARAACCC:

TGAARTAAATATGAACRARARAATTTARAACCE E

CGAARCAAATATGACCAACAAARATTARAAACCE
TGAARCAAATATGACCAARARAGTTARARAACCT !

TARAACAAATATGACCAARARAGTTTAAAACCCAA

TALRARCALRATATGACA
TGAAACAAATATGACT
TGAARACARATATGACCARARAAGTTARRAACCC
TGARACARATATAACCARARAAGTTARRAACCC

conbinnn il o

)



Insertion sites of mobile elements

A new tool for detection of LTR / PBS sites

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

LTR-retrotransposon | LTR LM gag-pol H LTR >

PBS (primer binding site)
similarity to tRNA




Insertion sites of mobile elements

A new tool for detection of LTR / PBS sites

TG... ...CA TG... ...CA
LTR-retrotransposon | LTR gag-pol H LTR @7
PBS (primer binding site)
similarity to tRNA
EN4
B4 114 144 174 :204 ?34 ?64 ?94 |324 |354 384 414 444




Insertion sites of mobile elements

A new tool for detection of LTR / PBS sites

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

LTR-retrotransposon | LTR gag-pol H LTR @7

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

IS4 I1 14 I1 44 I1 74 :204 ?34 ?64 ?94 |324 |354 384 414 S

o,

1




Insertion sites of mobile elements

A new tool for detection of LTR / PBS sites

TG... ...CA TG... ...CA
LTR-retrotransposon | LTR gag-pol H LTR

PBS (primer binding site)
similarity to tRNA

Program output:

CL contig pos. site ite_depth out ma*maskee maskerregion in region out blast to tRNA " length site tRNA E-val
from to from to
19 400 @ 364 TGCGACA 106.6 30.4 0.0362 0.2975 GCGAGGAA GATGGCGArAt-chr2 tRNA28-Argr 100, 18 0O 0O 3 20 23 6 7E-O0OV
(window size 7) —p -
tRNA-Arg

TRAT i TTITTCCGCGACCATCGO GA i GGAATCG A TTTIT i CGAGATGECGA TEGECEACTCTEC TG—G—HC-TA.GE TCCAAGCAAAAGAGAGTGAAGCCTAATTTAG

CTCCARAGAARAAGAGAG

TRGTTTT*




RepeatExplorer output files

Cluster directories

— — —

— Fl —

o [Ejadela
[Elibdir
= E9seqclust
[Edassembly
= Edclustering
= Eclusters
® [Edir_CcLoo01
® [E=dir_CLOD02
® [Edir_CLOD03
r @ [Edir_CLODD4
® [Edir_CLO00S
® [Edir_CLOD06
= |=3dir_CLODO7
[Ehtml_files
® [Edir_CcLo008
® [E=dir_CLOD0S
® [Edir_CLOD10
@ [Edir_CcLoo11
® [Edir_CLoD12
® [E=dir CLoD13
® [F=dir_CLo014
® [Edir CLo015
® [Edir_CLo016
® [E=dir CLoD17
ml=Edir C1lon1a

(&)

|Name -

[Eghtml_files
Iblast.csv

"JcL7 directed graph.RData.

[FJcL7.GL

=lCL7 .png

[=CL7 tmb.png
!dna_database_annotation.csv ——
wlindex.html

Similarity searches

TILTR_info.AD)

LTR_info.LTR e |

LTR_info.with_PBS_blast.csv

LTR-detection

| protein_database_annotation.csv
Ireads fas -
|“Jreads fas.CL7 .ace
Ireads fas.CL7 .aln
reads fas.CL7.contigs
Jreads fas.CL7 .contigs.links
Ireads fas.CL7 contigs.qual
: reads fas.CL7.info:
reads fas.CL7 singlets
Ireads_oriented fas
Istylel.css

Read sequences

Cluster

2 2 8

)8 2 3@ 48 58 B8 78§89 108 /18 |28 13 148 (58 |89 178 f68 198 208 218

assembly
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