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Using RepeatExplorer output for repeat

annotation and quantification



RepeatExplorer ver. 2
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RepeatExplorer ver. 2

N

INPUT Conserved
Pai Cluster repeats (rDNA) Proteins encoded
aired-end reads . . .
graph and contamination by mobile
/ shape (plastid DNA) elements
N
TAREAN DNA PROTEIN
CLUSTERING (satellites) database database
* J
4 ) 4 N [ N [ )
CLUSTERS
CL1 CL1 CL1 CL1
CL2 CL2 CL2 CL2
CL3 CL3 CL3 CL3
CL4 CL4 CL4 CL4
CL5 CL5 CL5 CL5
CL6 CL6 CL6 CL6
CL7 CL7 CL7 CL7
CL8 CL8 CL8 CL8
CL9 CL9 CL9 CL9
CL10 CL10 CL10 CL10
CLM CL11 CL11 CL11
CL205 CL205 CL205 CL205
- VAN N\ /
CL1234

. J

Many repeats are split
to multiple clusters

(feature of the clustering
algorithm; depends on
many factors)



Cluster fragmentation

1772977 reads in 1772977 reads in
51086 clusters 51042 clusters

numberof reads 3]

BRULL #"“"

K% \ Evaluation of cluster

connections via

paired-end reads

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



RepeatExplorer 2 — automatic detection of superclusters
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RepeatExplorer 2 — automatic detection of superclusters
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Superclusters provide more complete annotation
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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
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Decision tree for automatic annotation
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How reliable is automatic annotation ?

TAREAN, REXdb, DNA database
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w4 LTR detection

insertion site detection (coming
soon)



How reliable is automatic annotation ?

TAREAN, REXdb, DNA database
Helitron
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Working with organisms not covered in REXdb ?

@ other organisms * use custom repeat database (and share it !)
* help us to improve REXdb ;-)

@ non-autonomous mobile elements

w4 LTR detection

insertion site detection (coming
soon)



How reliable is automatic annotation ?
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RepeatExplorer output files
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— — - Name Clustering Summary
» Elibdir » @ libdir
v BRseqclust ’ seqclust 1674476 reads total
+ B3 clustering [@ cluster_report.html o
= ¥ dsi _
N =C|U5ter5 EI CUJS-I-ER_TABLELCSV ¥ 7548 su;:Sa]s-tz:rSn{E;?;'I}g clusters) 365352 singlets
» Bgdir L0001 |_] contigs.fasta .
» B dir_cLo002 @ documentation.htm| 8 :
» B dir L0003 |&] HOW_TO_CITE.html s
» Bgdir_cLoooa achEn ‘ o
» Bgdir_cLooos ) flogike Lxk 2
g S
» Bgdir_cLooO6 - PROFREP_CLASSIFICATION_TEMPLATE.csv i
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» B dir_cLooog @| summarized_annotation.html| g | | |
" dir CL00DO ey 5ummary_hi5togram.png e 0 10 20 30 40 50 60 70 80 20 100
. dir_CL[}EIlC: @| supercluster_report.html Proportion of reads [%]

SUPERCLUSTER_TABLE.csv
TAREAN consensus_rank_1.fasta
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» B dir CLO014 TAREAN consensus_rank_3.fasta
" dir CLO015 TAREAN consensus rank_4.fasta
» B dir CLO016 @| tarean_report.htmi

» E@dir_cLoo17

» @ dir cLoo11
» Elldir_cLoD12
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L

L

L

L

Always download and use archive
with complete output of the analysis

* do not work with HTML only

Graphical summary of the clustering results. Bars represent superclusters, with their heights and widths
corresponding to the numbers of reads in the superclusters (y-axis) and to their proportions in all analyzed reads
(x-axis), respectively. Rectangles inside the supercluster bars represent individual clusters. If the filtering of
abundant satellites was performed, the affected clusters are shown in green, and their sizes correspond to the
adjusted values. Blue and pink background panels show proportions of reads that were clustered and remained
single, respectively. Top clusters are on the left of the dotted line.

Run information:

Number of input reads: 2935772
MNumber of analyzed reads: 1674476
Proportion of reads in top clusters : 63 %
Cluster merging: No

Paired-end reads: Yes

Available analyses:

Tandem repeat analysis

Cluster annotation
Supercluster annotation

Repeat annotation summary



RepeatExplorer output files
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RepeatExplorer output files
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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
—p» -

(window size 7)

tRNA-Arg

TGGCGACTCTGCTGGGGAC..TA.GCTCCAAGCHAAAGHGAGTEHAGEETRATTTAE

.TAAT*TTTTTCCGCGACCATCGCGA*GGAATCGTATTTTT*CGAGATGCGA

GEATCETATTTTTH®

CTACTGGGEGACH Y TANGC TCTAAGCAARAG

CTGEC TEEEELC T

COGCTAGGGAT* * TARGC TCCAAGRAAARAGAGAG

TEGECGACTC TEC TEAGEAC ST AN T CALGC A D



Graph shapes

pairwise alignments graph representation
similarity read_1
read_1 exceeding
_MM <— threshold / read_2
read 2 m——— [90% simil.
0,
read 3 % 55% of length] ead 3
read_4 —
read 4

= — P




Linear graphs

DNA transposons, LINEs, ...



Linear graphs

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

LTR-retrotransposons



Linear / large circular graphs

LTR-retrotransposons
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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...

...but it has some meaning

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

LTR @s 5'UTR gag-pol LTR
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Circular graphs

TANDEM REPEATS

Read length << monomer

Read length >= monomer
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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
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MITE A A A T T TTAGRO T T T AA CAATTTTAGTCATATTY
(f (o) I d b ac k) AGGGTTTTGAACAATTTTAGTCATATT

AGGGTTTTTAACAATTTTAGTCATATT

TTTTCAACCATTTTAGTCATATT

TTTAGGGTTTTCAACAATTTTAGTCATATT
TTGGGTTTTCAACAATTTTAGTCATATT

AL AAGGETTTTCAACAATTTTAGTCATATT
TTTAGGGTTTTCAACAATTATAGTCATATT

AL A TAGGGTTTTGAACAATTTTAGTCATATT
TTTARAAGGGTTTTTAACAATTTTAGTCATATT
TTTTTTAGGGTTTTCARCAATTTTAGTCATATT
ATATTTAARAGGGTTTTCAATAATTTTAGTCATATT
GGETTTTCAATACTTTTGGTCATATT
TAAATAGGGTTTTCAACAATTTTAATCATATT
AAAGGGTTTTCAACAATTTTAGTCATATT
TTTTAGGGTTTTCAACAATTTTAGTCATATT
TAAGGGTTTTCAACAATTTTAGTCATATT

TGAAACAAATATGACCARRAAAAGTTAARAACEAA
TGARACAAATATGACC

TAARACAAATATGACCAAARAATTGAARAACCCTA )
TGARACAAATATAACCAAARARGTTAARAACCC
TGAAACAAATATGACCARARAAGTTARARAC b
TGAAACAAATATAACCARARAAGTTARAAACCCTTAT
TGAAACAAATATGACCAAARAAGTTAARAACCCE b
TGAAATAAATATGAACAAAAAAATT TARAACCCTA

CGAARCAAATATGACCRACARAATTARAAACCC

TGAARCAAATATGACCRAARARAGTTARAAACCC !
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

@ |t is recommended to run TAREAN with cluster merging
option as a 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

e
CTATA ACAT,
ACTAT .
ol CATAA CATAG
ACTA
7 ATAAA
CTACT ATAGA
\ AGCTA TAAAC é
GCTAC ~ TAGET ‘ TAGAC
GTAGC AANCG
CGCTA i AGACG
GGTAG GT r's
TCGCT GACGT
X TGGTA ?TG/
GTeae N corol
SGTCG  GTGHTA—
Saare

Identification of cycles

— Consensus sequences

CATAZACGTCGTSGCTACTATA




Using RE output for repeat annotation and quantification

it

-

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



