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- Repetitive elements
— Standard short term repeat (ALU, REPT etc.)
— Long term repeats of sometimes several kb



Contigs

v






— sequencing vector tagged
— trace signal information
— opt. base quality values

— opt. quality clipping, marking
HCRs (High Confidence
Regions)

— opt. standard repeats tagged
— opt. template information



over the whole assembly

Problem: k reads -> time complexity O(k?)
Fast read comparison routines needed
Smith-Waterman has O(mn), very slow



mOdIfléd S'hlft AND for read Comparlson
DNA-SAND: fault tolerant, O(cn) with
O<c<12

high sensitivity and specificity
— less than 0.75% missed overlaps
— around 45-50% false positive hits



« Fault tolerant

- Sandsieve principle:
obvious mismatches
discarded, potential
matches remembered

 Check each read in
forward and reverse
complement direction
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Evaluates potential overlaps
Standard (banded) Smith-Waterman
algorithm: max(O(bm), O(bn))

Rough calculation of SW match quality,
eliminating false positive DNA-SAND

matches

Calculate an “alignment weight” for
accepted overlaps
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* Accepted match * Rejected match
— Overlap: 196 — Out of band!

bases — QOverlap: 204 bases
— Score: 180 — Score: 133

— Score ratio: 92% — Score ratio: 65%
« Weight: 151817
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gnment | 5 too slow

.

‘consensus by iteratively aligning
reads against existing consensus

Important:

— Order of read alignments

— Finding good alignment candidates
— Possibility to reject candidates



& st — accept reads that
pomt for contlg bundmg match to existing

— find good alignment consensus
candidates to add to — reject reads that do not
existing contig match

— always inspect — find inconsistencies
alternative paths in that "build up slowly”

overlap graph and mark these



Search for node with a high number of
reasonably weighted edges

— Exclude edges below threshold
 Finding next alignment candidate:

— Find reads with best nodes in contig
— Recursively analyse best edges in graph
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Alignd|ve'.”"rééa d‘f given edge to existing
contig at approximated position
Accept read that match

Reject reads that introduce

— significantly higher error rates in contig than
predicted by weighted edge

— many non-editable errors in repetitive regions

— inconsistencies with given template insert
sizes
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defis| et s | i imsert] it Modes| i Cutoffs| Undo| ext Search | Commands| Settings it He_lp\
<< ‘ < | > ‘ » ”\] | b
N | ~ 610 12620 12630 12640 12650 12660 12670 12630 12[3

210 U13a02a07.t1 ARCTTCAGGTTCARAT*GACTTCRCC*TGTRGAGCTTTTTCTTAATATAAAGARGARATAATGTCAATATTACA

211 U13a03f11.t1 ARCTTCAGGTTCARAT*GACTTCACC#TGT*GAGCTTTTTCTTARTATARAGARGARATARTGTCAATATTACARGAR*C
-212 U13a01£04.t1 ARCTTCAGGTTCARAT*GACTTCACC#TGT*GAGCTTTTTCTTARTATARAGARGARATARTGTCAATATTACARGAR*C
213 U13a06c11.t1 ARCTTCAGGTTCARAT*GACTTCACC#TGT*GAGCTTTTTCTTARTATARAGARGARATARTGTCAATATTACARGAR*C
233 U13a09b03.t2 AACT

-226 U13e07d01.t2 ARCTTCAGGTTCARAT*GACTTCACCXTGT*GAGCTTTTTCTTRATRTARAGAAGAAATAATGTCAATATTACAAGAAEC
-219 U13a05¢12.t1 ARCTTRAGGTTCARAT*GACTTCACCXTGT*GAGCTTTTTCTTARTATARAGARGARATAATGTCAATATTACAAGAAXC
-214 U13a02a01.t1 ARCTTCAGGTTCARAT*GACTTCACCXTGT*GAGCTTTTTCTTARTATRARGAAGAAATAATGTCAATATTACAAGAAXC

-216 U13a06a03.t1 BTCAGGTTCARAT*GACTTCACCXTGT*GAGCTTRTTCTTAATATARAGAAGARATAATGTCAATATTACAAGAAXC
215 U13a08d12.p1 TTCAGGTTCARAT*GACTTCACC#TGT*GAGCTTTTTCTTARTATARAGARGARATARTGTCAATATTACARGAA*C
241 U13a08d12.t1 ARATEEACTTCACCHTGT=BAGCTTTTRCTTAATATARAGABGARATRATGTCAATATTACARGAAXC

-217 U13a01c10.t1 GARRTARTGTCARTATTACARGARXC

CONSENSUS ~ --—-|AACTTCAGGTTCAAAT*GACTTCACC*TGT*GAGCTTTTTCTTARTATARAGARGARATARTGTCARTATTACARGAAXC) ;
Reading:U13a05c12.t1(#219) Length:212(861) Vector:m13mp18.vec Clone:unknown Chemistry:primer Primer:unknown
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210 U13a02a07.t1
211 U13a03f11.t1
-212 U13a01£04.t1
213 U13a06c11.t1
233 U13a09b03.t2
-226 U13e07d01.t2
-219 U13a05¢12.t1
-214 U13a02a01.t1
-216 U13a06a03.t1
215 U13a08d12.p1
241 U13a08d12.t1
-217 U13a01c10.t1
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iy Insert! Edit Modes| _| Cutoffs| Undo| Nest Search| Commands | Settings

N J
30 12540 12550 12560 12570 12580 12590 12600
ARCTTCAGGTTCARAT*GACTTCACCTGTGAGCTTTTTCTTAATATARAGARGARATAATGTCAATATTACA
ARCTTCAGGTTCARAT*GACTTCACCTGTGAGCTTTTTCTTAATATARAGARGARATAATGTCAATATTACARGAACCCT
ARCTTCAGGTTCARAT*GACTTCACCTGTGAGCTTTTTCTTAATATARAGARGARATAATGTCAATATTACARGAACCCT
ARCTTCAGGTTCARAT*GACTTCACCTGTGAGCTTTTTCTTAATATARAGARGARATAATGTCAATATTACARGARCCCT
ARCTE
ARCTTCAGGTTCARAT*GACTTCACCTGTGAGCTTTTTCTTAATATARAGARGARATAATGTCAATATTACARGARCCCT
ARCTTEAGGTTCAGAT*GACTTCACCTGTGAGCTTTTTCTTAATATARAGARGARATAATGTCAATATTACARGAARCCCT
ARCTTCAGGTTCARAT*GACTTCACCTGTGAGCTTTTTCTTAATATAAAGARGARATAATGTCAATATTACARGARCCCT
HTCAGGTTCAAAT*GACTTCACCTGTGAGCTTETTCTTAATATARAGAAGARATAATGTCAATATTACARGAACCCT
TTCAGGTTCARAT*GACTTCACCTGTGAGCTTTTTCTTAATATARAGAAGARATAATGTCAATATTACARGARCCCT
AAATBBACTTCACETGTRAGCTTTTECTTARTATAAAGARGARATEATGTCARTATTACAAGAACCCT
aGARATARTGTCAATATTACAAGAACCCT
ARCTTCAGGTTCARAT*GACTTCACETGTRAGCTTTTTCTTAATATARAGARGARATAATGTCAATATTACARGARCCCT
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Tag type:ED_C Direction:+ Comment:"Alter Base at 12660 1 # G a U13a08d12.t1 79"
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sl Contig Editor: -416 U13a03h09.t1 -+

dafi s e ‘_; Insert| Ecit Modes | 1 Cutoffs| Undo | Next Search| Commands | Settings Quit | Help|
<< ‘ < ‘ » ‘ »» H\] J -
N | - 640 650 660 670 680 690 700 710 [
406 122533c.t/ ARRGTACTGTARGAATARTTTATAGTARTGAGT TTARRARTCARCTTTTTATTGCCTTCT
405 122533b.t7 ARRGTACTGTARGAATARTTTATAGTARTGAGT TTARRARTCARCTTTTTATTGCCTTCT
-399 122533a.t3 ARRGTACTGTARGAATARTTTATAGTARTGAGT TTARAARTCARCTTTTTATTGCCTTCTCACCAGCTGCARAGTGTTTT
401 230375b.t2 ARRGTACTGTARGAATARTTTATAGTARTGAGT TTARRARTCARCTTTTTATTGCCTTCTCACCAGCTGCARAGTGTTTT
-400 230375a.t3 ARRGTACTGTARGAATARTTTATAGTARTGAGT TTARAARTCARCTTTTTATTGCCTTCTCACCAGCTGCARAGTGTTTT
-402 230375¢.t3 ARRGTACTGTARGAATARTTTATAGTARTGAGT TTARARRTCARCTTTTTATTGCCTTCTCACCAGCTGCARAGTGTTTT
398 230375b.t1 ARRGTACTGTARGAATARTTTATAGTARTGAGT TTARARRTCARCTTTTTATTGCCTTCTCACCAGCTGCARAGTGTTTT
-403 122533c.t3 ARRGTACTGTARGAATARTTTATAGTARTGAGT TTARRARTCARCTTTTTATTGCCTTCTCACCAGCTGCARAGTGTTTT
-404 230375b.t3 ARRGTACTGTARGAATARTTTATAGTARTGAGT TTARRARTCARCTTTTTATTGCCTTCTCACCAGCTGCARAGTGTTTT
393 U13a03g02.t1 ARAGTACTATAAGAATAATTTATAGBAATGAGTTTAAAABTCAACTTTTTATTGCCTTCTCACCAGCTGCARAGTGTTTT
-352 U13e07d02.t2 AGAATAATTTATRGEAATGRGTTTARAABTCAARTTTTTATRGCHTTCTCACCAGCTGCRAAGTGTTTT
-415 122533b.13 AGAATAATTTATAGTAATGAGTTTARRAATCARCTTTTTATTGCCTTCTCACCAGCTGCARAGTGTTTT
-357 U13a04c06.t1 AATAATTTATAGEAATGAGTTTAAAABTCAACTTTTTATRGCCTTCTCACCAGCTGCARAGTGTTTT
CONSENSUS ~ -——-|AAAGTACTGTAAGAATAATTTATAGTAATGAGTTTAAAAATCAACTTTTTATTGCCTTCTCACCAGCTGCAAAGTGTTTT)

Contig:U13a09h09.41 (#416) Length:22938
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sl Contig Editor: -416 U13a03h09.t1 2> -+

e el ‘ _{ Insert| Edit Modes| _( Cutaffs| Undo| Nest Search| Commands| Settings Quit | Help|
<< ‘ < ‘ » ‘ »» H\] J -
N | - 640 650 660 670 680 690 700 710 [

406 122533c.t/ ARRGTACTGTARGAATARTTTATAGEARTGAGT TTARRARRTCARCTTTTTATTGCCTTCT

405 122533b.t7 ARRGTACTGTARGAATARTTTATACTARTGAGT TTARRRATCAACTTTTTATTGCCTTCT

-399 122533a.t3 ARRGTACTGTARGAATARTTTATACTARTGAGT TTARARATCARCTTTTTATTGCCTTCTCACCAGCTGCARAGTGTTTT
401 230375b.t2 ARRGTACTGTARGAATARTTTATACTARTGAGT TTARANAT CARCTTTTTATTGCCTTCTCACCAGCTGCARAGTGTTTT
-400 230375a.t3 ARAGTACTGTARGARTAATTTATACTARTGAGT TTARANAT CARCTTTTTATTGCCTTCTCACCAGCTGCARRGTGTTTT
-402 230375¢.t3 ARRGTACTGTARGAATARTTTATACTARTGAGT TTARANAY CARCTTTTTATTGCCTTCTCACCAGCTGCARAGTGTTTT
398 230375b.t1 ARRGTACTGTARGAATARTTTATACTARTGAGT TTARARATCARCTTTTTATTGCCTTCTCACCAGCTGCARAGTGTTTT
-403 122533c.t3 ARRGTACTGTARGAATARTTTATAGTARTGAGT TTARARATCARCTTTTTATTGCCTTCTCACCAGCTGCARAGTGTTTT
-404 230375b.t3 ARRGTACTGTARGAATARTTTATAGTARTGAGT TTARARSTCARCTTTTTATTGCCTTCTCACCAGCTGCARAGTGTTTT
353 U13a03g02.t1 ARAGTACTATAAGAATAATTTATAGERATGAGTTTAAAGEY CAACTTTTTATTGCCTTCTCACCAGCTGCARAGTGTTTT
-352 U13e07d02.t2 AGAATAATTTATROEAATGAGTTTARARBT CARCTTTTTATEGCETTCTCACCAGCTGCRAAGTGTTTT
-415 122533b.13 AGARTAATTTATAGRAATGAGTTTARRRRTCARCTTTTTATTGCCTTCTCACCAGCTGCARAGTGTTTT
-357 U13a04c06.t1 HﬂTﬂﬂTTTHTﬂasEHTGHGTTTﬂﬂHQEECQHCTTTTTﬁTtGCCTTCTCHCCHGCTGCHHHGTGTTTT

CONSENSUS ~ -——-|AAAGTACTGTAAGAATAATTTATAGTAATGAGTTTAAAARTCAACTTTTTATTGCCTTCTCACCAGCTGCAAAGTGTTTT)

Reading:U13a04c06.t1 (#357) Length:453(915) Vector:m13mp18.vec Clone:unknown Chemistry:primer Primer:unknown
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Contig Editor: -435 U13a04d08.t1 -

Jef 5 < @:[-17 5[ | _i msert| Edit Modes| _i cutoffs| Undo| Next Search | Commands | Settings | Quit | Help’ |

<< ‘ < T > I »> _H—\] | -
o - 2310 2320 2330 2340 2350 2360 2370 2380/ %
406 U13a06d03.t1 FIFIHGTHCTHTIFIGHHTHHTTTﬁTﬂ'CﬁﬂTGﬂGTTTﬂﬁﬂﬂCTCHHCTTTTTHTTGCCTTC*TCFICCHGCTGCHHHGTGTT

407 U13e07f02.12 ARAGTACTATAAGAATAATTTATAGECAATGAGTTTAAAACTCBACTTTTTATTGCCTTC*TCACCAGCTGCAAAGTGTT
411 U13a05b10.t1 AAAGTACTATAAGAATAATTTATAGGCAABGAGT TTAAAACTCAACTTTTTATTGCCTTC*TCACCEGCTGCAAAGTGTT
405 U13a08f11.t1 ARAGTACTARAAGAATAATTTATA*GCAATGAGT TRAAAACTCAACTTTTTATTGCCTTC*TCACCARCTGCAAAGTGTT
404 U13a09h09.t1 AAAGTACTATAAGAATAATTTATA*GCAATGAGTTTAAAACTRAACTTTTTATTGCCTTCATCACEAGCTGCAAAGTGTT
331 U13a03g02.t1 ARAGTACTATAAGARTAATTTATA*GEAARTGAGT TTARAABTCAARCTTTTTATTGCCTTC*#TCACCAGCTGCAAAGTGTT
-330 U13e07d02.t2 AGAATAATTTATE*GEAATGAGTTTARAACTCAACTTTTTATEGCETTC*TCACCAGCTGCEAAGTGTT
-335 U13a04c06.t1 AATARTTTATA*GEAATGAGT TTARRABTCAACTTTTTATEGCCTTC*TCACCAGCTGCAAAGTGTT

CONSENSUS ———— AAAGTACTATAAGAATAATTTATA*GCAATGAGT TTARAARCTCAACTTTTTATTGCCTTC*TCACCAGCTGCARAGTGTT

Tag type:PRMB Direction:+ Comment:"Possible Repeat Marker Base found by MIRA."

~l

Bl Contig Editor: -435 U13a04d08.t1 -

Jef 5 <@ s ‘ | Insert| Edit Modes| _| Cutoffs| Undo| Next Search| Commands| Settings| Quit | Help’ |
T ‘ < T > I »> _H—\] | -
N | ~ 2300 2310 2320 2330 2340 2350 2360 2370 [X

406 U13a06d03.t1 ARAGTACTATAAGAATAATTTATAGCAATGAGTTTARAACTCAACTTTTTATTGCCTTCTCACCAGCTGCAARAGTGTTTT
407 U13e07f02.12 AAAGTACTATAAGAATAATTTATAGCAATGAGTTTARAACTCBACTTTTTATTGCCTTCTCACCAGCTGCARAGTGTTTT
411 U13a05b10.t1 ARAGTACTATAAGARTAATTTATAGCAAEGAGT TTAARRACTCAACTTTTTATTGCCTTCTCACCAGCTGCAAAGTGTTT
405 U13a08f11.t1 ARRGTACTAEAAGAATAATTTATAGCAATGAGT TEARAACTCAACTTTTTATTGCCTTCTCACCAgCTGCAAAGTGTTTT
404 U13a09h09.t1 ARAGTACTATAAGAATAATTTATAGCAATGAGTTTAAAACTRAACTTTTTATTGCCTTCTCACEAGCTGCAAAGTGTTTT
331 U13a03g02.t1 ARAGTACTATAAGARTAATTTATAGEAATGAGT TTAARRABTCAACTTTTTATTGCCTTCTCACCAGCTGCAAAGTGTTTT
-330 U13e07d02.t2 AGAATAATTTATAGEAATGAGT TTAAAAEBTCAACTTTTTATEGCETTCTCACCAGCTGCEAAGTGTTTT
-335 U13a04c06.t1 AARTARTTTATAGEAATGAGTTTARARBTCAACTTTTTATEGCCTTCTCACCAGCTGCAAAGTGTTTT

CONSENSUS ————|ARAGTACTATAAGAATAATTTATAGCAATGAGT TTAARARACTCAACTTTTTATTGCCTTCICACCAGCTGCAAAGTGTTTT

Tag type:PRMB Direction:- Comment:"Possible Repeat Marker Base found by MIRA."

~l




Contig Editor: -98 U13a04g12.t1

— 1.

= b -
e <@ 5 ‘ 1 Insert| Edit Modes| _i Cutoffs| Undo | Next Search | commands | Settings| Quit | Help
<< l < I > I >> ”\] 1 -
N | -~ 1740 1750 1760 1770 1780 1790 1800 1810 Y
-80 U13a06b01.t1 AGACACCAAAATAGTGGATGCCCAAGTCCCTGATAGAAAAAATTGCATAGTATCTGCATATGACCTATGCAATCCTCCTG
81 Ul13a02el11.t1 AGACACCAAAATAGTGGATGCCCaAGTCCCTGATAGAAAAAATTGCa
104 U13a06h05.t1 AgACACCA
-79 U13a01e08.t1 AGACACCAAAATAGTGGATGCCCAAGTCCCTGATAGAAAAAATTGCATAGTATCTGCATATGACCTATGCAATCCTCCTG
111 U13a02c01.t1 AGACACCAAAATAGTGGAT
78 U13a07b08.t1 AGACACCAAAATAGTGGATGCCCAAGTCCCTGATAGAAAAAATTGCATAGTATCTGCATATGACCTATGCAATCCTCCTG
-90 U13a06d12.t1 AGACACCAAAATAGTGGATGCCCAAGTCCCTGATAGAAAAAATTGCATAGTATCTGCATATGACCTATGCAATCCTCCTG
-101 U13a08b12.t1 CTCCTG
CONSENSUS ————/AGACACCAAAATAGTGGATGCCCAAGTCCCTGATAGAAAAAATTGCATAGTATCTGCATATGACCTATGCAATCCTCCTG) #

Tag type:ED_C Direction:+ Comment:"Alter Base at 1747 1 # N g U13a06h05.t1 287"

Bl Contig Editor: -98 U13a04gi2.t1 -

<afi s <|@: |17 5| | i msert| Edit Modes| W cutoffs| Undo| Next Search | commands | Settings | Quit | Help |
<< l < I > I >> II—\] | -
N | -~ 1740 1750 1760 1770 1780 1790 1800 1810 Y
-80 U13a06b01.t1 AGACACCARAATAGTGGATGCCCAAGTCCCTGATAGARAAAATTGCATAGTATCTGCATATGACCTATGCAATCCTCCTG
81 Ul3a02ell.t1 AGACACCAAAATAGTGGATGCCCaAGTCCCTGATAGAAAAAATTGCa
104 U13a06h05.t1 AgACACCA -
-79 U13a01e08.t1 AGACACCAAAATAGTGGATGCCCAARGTCCCTGATAGAARAAAATTGCATAGTATCTGCATATGACCTATGCAATCCTCCTG
111 U13a02c01.t1 AGACACCAAAATAGTGGAT - O
78 U13a07b08.t1 AGACACCAARAATAGTGGATGCCCARGTCCCTGATAGAAARAAATTGCATAGTATCTGCATATGACCTATGCAATCCTCCTG
-90 U13a06d12.t1 AGACACCAAAATAGTGGATGCCCAARGTCCCTGATAGAARAAAATTGCATAGTATCTGCATATGACCTATGCAATCCTCCTG
~101 U13a08b12.t1 B = CTCCTG
107 U13a01a07.t1 G G
—-75 U13a04f02.t1
-131 U13a010c08.t1
-125 U13a08b01.t1
CONSENSUS ————/AGACACCAAAATAGTGGATGCCCAAGTCCCTGATAGAAAAAATTGCATAGTATCTGCATATGACCTATGCAATCCTCCTG) /

Tag type:ED_C Direction:+ Comment:"Alter Base at 1747 1 # N g U13a06h05.t1 287"









beta-testing o=t com pleted
assembler & editor in use to assemble
projects up to 10.000 reads

first evaluation: human finished 35kb project
(Golden Standard)
without fine-tuning assembled contigs have

99,9x% identity

whole genome shotgun with 23.000 reads in
preparation

other applications like EST clustering?
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