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Using RepeatExplorer output for repeat

annotation and quantification
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Cluster fragmentation

555555555555

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



Cluster fragmentation

Repeats can be split to multiple clusters !

1772977 reads in 1772977 reads in
51086 clusters 51042 clusters

numberof reads 3]

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 RepeatExplorer 2
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...and now in RepeatExplorer 2
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Superclusters are built using
paired-end read information
(evaluating broken pairs)
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Superclusters provide more complete annotation
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Repeat quantification

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

7192836 64.1
(= 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 B Ogre (subfam. PS)
J 141836 1.972 cL1 satellite I Ogre (subfam. VP/VM)
1? Eggig ’1| Eg B Ogre (subfam. VF/MT)
12 72781 1012 SCL2 SCL2 — ey
13 B7096 0.933 CL5 rDNA B Cyclops
14 65455 0.910 CL8 I Ps-copia-1/751
15 62334 0.867 CL1 M SIRE
| 16 53845 0.749 I Other copia
17 49341 0.686 SCL3 SCL3 Tyl/ Low-copy = HOtherRE
18 45062 0626 copia repeats [| DNA transposons
19 44762 0.622 CL2 Ty3/gypsy : ! " |45S rDNA
0 43332 0 E02 CL3 y, | Satellites
21 42344 0.589 CL10 Il Genes (?)
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RepeatExplorer output files

= |ejadela (<] |Name ~
@ [EFlibdir [E=libdir
= Eseqelust [Edseqclust
[Eassembly =lcluster_report.html
= Eclustering ICLUSTER_TABLE.csv

Sequence Clustering Summary

PIPELINE VERSION ¢ domains-v0.2,1-1795(8fff502)
PROTEIN DATABASE WERSIOM : protein_database_v2.2.fasta

= E3clusters @HOW TO_CITE html 109810 read ot
[E3dir cLOOO1 index.htmi! -
[Eadir cLooo2 logfile txt L F—
® [Edir_CLO003 Tstylel.css ¢

[Eadir_ cLo004
[E3dir CLODOS
[E3dir_CLO0OS
[Edir_cLooo7
[E3dir_cLooos
[E3dir CLODOS
[Eddir_ CLOO10
[Edir cLoo11
[E3dir cLo012
[E3dir CLOD13

wlsummarized_annotation.html
slsummary_histogram.png
=lsupercluster_report.htmi
|SUPERCLUSTER_TABLE.csv
wltarean_output_help.html
=ltarean_report.html
|TR_consensus_rank_1_fasta
TR_consensus_rank_2 fasta
. TR_consensus_rank_ 3 fasta
TR_consensus_rank_4 fasta

Always download and use archive
with complete output of the analysis

* do not work with HTML only
* do not trust automatic annotation

raamber ol readh e wds]
10020
1

00

Run statistics:
Mumber of input sequences: 109510

Mumber of analyzed sequences: 109510

Proportion of sequences in analyzed clusters : 90 %

Cluster merging: Mo
Paired end sequences: Yes
Available analyses:

Tandem repeat analysis

Cluster annotation

Supercluster annotation

Repeat annotation summary

L] ™ (1] M




RepeatExplorer output files

Cluster directories g
= [EREZ_1x o] |Name -
@ [ libdir |3 html_files
o g9 seqclust I blast.csv
[Eassembly | cLa_directed_graph.RData.
[E5blastn [FJcLa.6L
[ blastx [i=lcLa.png

= g5 clustering

S|

(5 clusters

® [ dir_CLoooL
® [E5 dir_CLDOOZ
@[5 dir_CLD003
@ [ dir_CLOOOD4
@ [ dir_CLDOOS
@[5 dir_CLDOOB
@[5 dir_CLD007
@ [ dir_CLDOOS
@ [ dir_CLDOOg
@ [E5 dir_CLDO1O
@[5 dir_CLO011
@ [ dir_CLDO12
@ [ dir_CLDO13
@ [E5 dir_CLOO14
@[5 dir_CLDO15S
@ [ dir_CLOO16
@ g dir_CLDO17
@[5 dir_CLDO18
@[5 dir_CLD019
@ [ dir_CLOOZ20

[islcLa_tmb.png

| dna_database_annotation.csv

[ index.html
TILTR_info.AD)
A LTR._info.LTR

| LTR_info.with_PBS_blast.csv

Similarity searches

LTR-detection

| protein_database_annotation.csv

reads_all.fas

| Ireads_all.fas.CL4.ace
reads_all.fas.CL4.aln
reads_all.fas.CL4.aln.info
reads_all.fas.CL4.aln.info.minRD5
reads_all.fas.CL4.aln.info.minRD5_sort-GR
reads_all.fas.CL4.aln.info.minRD5_sort-length
| reads_all.fas.CL4.aln.profile
reads_all.fas.CL4.contigs
Ireads_all.fas.CL4.contigs.links
| reads_all.fas.CL4.contigs.qual
reads_all.fas.CL4.info
reads_all.fas.CL4.singlets

| reads.fas

reads_oriented.fas

Cluster

N

Contigs

<4—— Read sequences

assembly



Insertion sites of mobile elements

A 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*maske# maske#region in  region_out blastto 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

TAAT ir TTTTTCCGCGACCATCGCGA ir GGAATCGTATTTTT ir CGRAGATGECGA TEGGCGACTCTGC TGGAC-TA.GC TCCAAGCAAAAGAGAGTEGAAGCCTAATTTAG

GEATCGTATTTTT*
GOGAC ' GETGACTC TAC TGGEGEGEAC R ETE
: CTGC TGGEGACKETE

COGC TAGGGAT**Ta

CTCCAAGAARAAAGAGAG

TEEOGEACTC TGO TGAGEAD ® AT




Graph shapes

pairwise alignments graph representation
similarity read_1
read_1 exceeding
_MM <4— threshold / read_2
read 2 m——— [90% simil.
v)
read_3 % 55% of length] read_3
read_4 —
read_4
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I Linear graphs

DNA transposons, LINEs, ...



Linear graphs

DNA transposons, LINEs, ...

Js25 1885 1905 1945 1985 2025 2085 2105 2145

= LINE-RT

RT domain
(LINE)
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_ insertion
assembled contig sites




Linear / large circular graphs

LTR-retrotransposons



Linear / large circular graphs

LTR-retrotransposons

= Ty1-PROT
Ty1-RH R, R
= Ty1-AT

smes | PROT

¥ LTR




I It's getting complicated...

| I | |

Repeat variants with partial similarity
(depends on similarity threshold)

Variants differing in indel



It's getting complicated...

R i ...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
p LTR pbs _5'UTR gag-pol LTR

pbs2



Circular graphs
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Circular graphs
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Circular graphs
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Circular graphs

SINE MITE satellite 190 bp
(foldback)
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Insertion sites of mobile elements

w @ ~ m @ ES I ra [
=3 =3 =3 =} =3 =3 =3 =3 o
=3 =3 =3 b=} =3 =3 =3 =3 =3 =3
ITTTET] [RTETRNT] ANRRTENRTARNRTAUNTTI ATRRRTRNI FTRRRTRUTE FRNRTRURT] NRTRURETA RRTRURRINA FVRRRRTANE INRRTAUCT] ENUTHNNATE AP

o
S
=3

.
S
g

MITE

(fold bac k) AGGGTTTTGAACAATTTTAGTCATATT

AGGGTTTTTAACAATTTTAGTCATATT
TTTTCAACCATTTTAGTCATATT
TTTAGGGTTTTCAACAATTTTAGTCATATT
TTGGGTTTTCAACAATTTTAGTCATATT

AL AAGGETTTTCAACAATTTTAGTCATATT
TTTAGGGTTTTCAACAATTATAGTCATATT

AL A TAGGGTTTTGAACAATTTTAGTCATATT
TTTARAAGGGTTTTTAACAATTTTAGTCATATT
TTTTTTAGGGTTTTCARCAATTTTAGTCATATT
ATATTTAARAGGGTTTTCAATAATTTTAGTCATATT
GGETTTTCAATACTTTTGGTCATATT
TAAATAGGGTTTTCAACAATTTTAATCATATT
AAAGGGTTTTCAACAATTTTAGTCATATT
TTTTAGGGTTTTCAACAATTTTAGTCATATT
TAAGGGTTTTCAACAATTTTAGTCATATT

TGAAACAAATATGACCARRAAAAGTTAARAACEAA
TGARACAAATATGACC

TARARCAAATATGACCAARAAATTIGARRAACCT ! }

TGARACAAATATAACCAAARARGTTAARAACCC
)
TGAAACAAATATAACCARARAAGTTARAAACCCTTAT
TGAAACAAATATGACCAAARAAGTTAARAACCCE b
TGAAATAAATATGAACAAAAAAATT TARAACCCTA
CGAAACAAATATGACCAACAARATTAARAACCC

TGAARCAAATATGACCRAARARAGTTARAAACCC E
TARARCAAATATGACCAARARAGTTTAAAACCCAA
TARARACAARATATGACA
TGAARTAAATATGACCAARARAGTTARRAACCT
TGAAACAAATATGACT
TGAAACAARTATGACCARARAAGTTAAARACCC
TGAARCAARTATAACCARARAAGTTAAARACCC




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 complementary analysis to RepeatExplorer

] %/@

Paired-end reads

Gra ph-based read
clustering

— Clusters of reads

Read orientation

— Dlrected graphs

\/}f

Graph scoring

- Clusters of potentlal tandem repeats —

k-mer counting

—Tandem repeats as de Bruijn graphs—

TTTTT TACAT

el
CTATA ACAT
ACTAT
ol CATAA CATAG
TA
ATAAA
CTACT ATAGA
AGCTA TAAAC i
GCTAC ~ TAGET ‘ TAGAC
GTAGC AANCG
CGCTA i AGACG
GGTAG GT r's
TCGCT GACGT
X TGGTA ?TG/
GTCGe A corel
GGTCG  GTGHT4—
O GGTC

Identification of cycles

— Consensus sequences

CATAZACGTCGTSGCTACTATA




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 complementary analysis to RepeatExplorer

Repeat annotation and quantification

@ always combine results of all tools

@ check / correct automatic repeat classification

@ consider experimental setup

A%@W%

Paired-end reads

Gra ph-based read
clustering

— Clusters of reads

Read orientation

— Directed graphs

RN

Graph scoring

- Clusters of potentlal tandem repeats —

k-mer counting

—Tandem repeats as de Bruijn graphs—

TTTTT TAC AT-
CTATA ACAT,

CATAA CATAG

ATAAA
CTACT ATAGA

\ AGCTA TAAAC i

GCTAC ~ TAGET ‘ AC

GTAGC AANCG

CGCTA i AGACG
GT

Vs

TCGET GACGT

X TGGTA QSQTG"/
GT% c * CGTGG
GGTCG GTGGT-«—

Identification of cycles

— Consensus sequences

CATAZACGTCGTSGCTACTATA




Taxonomy of repetitive DNA

Unclassified repeat
| - - rOMA

| | --455_rDMA
| I -T18S_rDNA Vertebrate
--255 rDNA

|
| |
| | '--5.85 rDMA
[ '--55 rDMA
| --satellite
'--mobkile_element
|--Class_TI
| | - -STHE

| --LTR
| | --Tyl_copia
| |--Ale

|--Alesia

| - -angela

| --Bianca

| --Bryco

| --Gymco-T

| --Gymco-IT

|--Ikeros

| --Ivana

| --0Osser

| - -SIRE

| - -TAR

|--Tork

'--Tyl-outgroup
--Ty3 _agypsy

| --non-chromovirus

| | --nonchromo-outgroup

| | - -Phyay

| | --Selay

| C o -OTA
| | --&Athila
| '--Ogre_Tat
| | --TatzT
|
|
|
!

| --TatII
| --TatIIT
| --TatIV Ogre
‘- -Tatw
--chromovirus
| --Chlamyvir
| --Tenl
| - -CRM
| --Galadriel
| --Tekay
| --Reina
| --chromo-outgroup
'‘--chromo-unclass
--pararetrovirus
--DIRS
--FPenelope

CClass IT of “repeat taxonomy”
SR
I | - -MITE
I | --EnSpm_CACTA
|

Keep improving your knowledge

| --hAT
| --KoLobaok
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