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Use cases

Available:
— sequenced reads
— 1 to n sets (replicates, strains, individuals, ...)

Non available:

— reference genome (close or good)

Wanted:
— SNPs with their coverage/quality in each set

Not necessary: genomic location



Overview

>SNP_higher_path_2]|high|left_unitig_length_472|right_unitig_length_261|left_contig_length_472|
right_contig_length_378|C1_8|C2_120|rank_0.88900
ttgcggataccgttgagacatcttataagtagacgcaatgeggaatcttatagaatcgeecgatagegttgtgttggtggacacggetgattacectctcacce
gegctattagettccataccacctgeggecatccattaagatecgetgetcctcacgaaaaaagaattaataagaagtcccgtaacatgeggatttggtagte
gttatagacaactttactggggcgaactaaaacgcttgtggacagaattttggcagtggeaattaatctctaatgatgtgatattagggtctaaaatgtaagaa
ttcggtgagttagattggacaaggggatccgaagatgttttggegeagttagtcacagggggageccectgectacaaaaagegcttactgttgactgtetag
ggatacagcgaaagcggcagtcgtigaagcaaaagtgatatgtgegacactgcatctagGCAGCGCAACAACGCAACAGCTCGAGG
TGTACTTCGCAGAGAAACCGCACGTCCAGTTCTAacactctcatatgtgcetegtegtitatgetttcggegtgaaaactggtgegeceg
gtgtctggagaccatccttcettgegtatgactccaaggacagecatcacggtttgtgggttcactgggactgtcacgcettaaccggacggaactcgagaagg
catacgactggtcgtaagaccgctctgatccgacaccaccataacgeggeactcatgattatcatcacttttttagtccctattacagagetgecgggtggatg
actctctaccgegetctgtggaagtgeacttgategttttgetgtagaaaaaacttaataaacagaatgecgatgaaggcactactgtactaatagggeeggg
ctacatgttaactac
>SNP_lower_path_2|high|left_unitig_length_472]|right_unitig_length_261]left_contig_length_472|
right_contig_length_378|C1_118|C2_6]|rank_0.88900

ttgcggataccgttgagacatcttataagtagacgcaatgeggaatcttatagaatcgeccgatagegttgtgtiggtggacacggcetgattaccctctcacce
gcgctattagcettccataccacctgeggecatccattaagatecgetgetcctcacgaaaaaagaattaataagaagtcccgtaacatgeggatttggtagte
gttatagacaactttactggggcgaactaaaacgctigtggacagaattttggcagtggcaattaatctctaatgatgtgatattagggtctaaaatgtaagaa

ttcggtgagttagattggacaaggggatccgaagatgttttggegcagttagtcacagggggageccectgectacaaaaagegcttactgttgactgtetag
ggatacagcgaaagcggcagtcgttgaagcaaaagtgatatgtgegacactgcatctagGCAGCGCAACAACGCAACAGCTCGAGG
TGTTCTTCGCAGAGAAACCGCACGTCCAGTTCTAacactctcatatgtgcetegtegtttatgetttcggegtgaaaactggtgegeegg
tgtctggagaccatecttettgegtatgactccaaggacagecatcacggtttgtgggttcactgggactgtcacgcettaaccggacggaactcgagaagge
atacgactggtcgtaagaccgctctgatccgacaccaccataacgeggceactcatgattatcatcacttttttagtcectattacagagetgeegggtggatga
ctctctaccgegetetgtggaagtgeacttgategttttgetgtagaaaaaacttaataaacagaatgecgatgaaggeactactgtactaatagggeeggge
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Output: fasta — sequence couples

>SNP_higher_path_2]|high|left_unitig_length_472|right_unitig_length_261|
left_contig_length_472|right_contig_length_378|C1_8|C2_120|rank_0.88900
ttgcggataccgttgagacatcttataagtagacgcaatgcggaatcttatagaatcgcccgatagcgttgtgttggtggacacggctgatta
ccctctcacccgcegctattagcttccataccacctgecggccatccattaagatccgcetgctcctcacgaaaaaagaattaataagaagtcecgt
aacatgcggatttggtagtcgttatagacaactttactggggcgaactaaaacgcttgtggacagaattttggcagtggcaattaatctctaa
tgatgtgatattagggtctaaaatgtaagaattcggtgagttagattggacaaggggatccgaagatgttttggcgcagttagtcacagggg
gagcccctgcctacaaaaagcgcttactgttgactgtctagggatacagggaaagcggcagtcgttgaagcaaaagtgatatgtgcgacac
tgcatctagGCAGCGCAACAACGCAACAGCTCGAGGTG 1@0 TTCGCAGAGAAACCGCACGTCCAGTTCTAacact
ctcatatgtgctcgtcgtttatgctttcggcgtgaaaactggtgcgccggegtctggagaccatccttcttgcgtatgactccaaggacagccat
cacggtttgtgggttcactgggactgtcacgcttaaccggacggaactcgagaaggcatacgactggtcgtaagaccgctctgatccgacac
caccataacgcggcactcatgattatcatcacttttttagtccctattacagagctgccgggtggatgactctctaccgcgctctgtggaagtgc
acttgatcgttttgctgtagaaaaaacttaataaacagaatgccgatgaaggcactactgtactaatagggccgggctacatgttaactac
>SNP_lower_path_2|high|left_unitig_length_472|right_unitig_length_261|
left_contig_length_472|right_contig_length_378|C1_118|C2_6|rank_0.88900
ttgcggataccgttgagacatcttataagtagacgcaatgcggaatcttatagaatcgcccgatagcgttgtgttggtggacacggctgatta
ccctctcacccgcegctattagcttccataccacctgcggccatccattaagatccgcetgctcctcacgaaaaaagaattaataagaagtcccgt
aacatgcggatttggtagtcgttatagacaactttactggggcgaactaaaacgcttgtggacagaattttggcagtggcaattaatctctaa
tgatgtgatattagggtctaaaatgtaagaattcggtgagttagattggacaaggggatccgaagatgttttggcgcagttagtcacagggg
gagcccctgcctacaaaaagcgcttactgttgactgtctagggatacagggaaagcggcagtcgttgaagcaaaagtgatatgtgcgacac
tgcatctagGCAGCGCAACAACGCAACAGCTCGAGGTG TTCGCAGAGAAACCGCACGTCCAGTTCTAacact
ctcatatgtgctcgtcgtttatgctttcggcgtgaaaactggtgcgeccggEgtctggagaccatccttcttgcgtatgactccaaggacagccat
cacggtttgtgggttcactgggactgtcacgcttaaccggacggaactcgagaaggcatacgactggtcgtaagaccgctctgatccgacac
caccataacgcggcactcatgattatcatcacttttttagtccctattacagagctgccgggtggatgactctctaccgcgctctgtggaagtgc
acttgatcgttttgctgtagaaaaaacttaataaacagaatgccgatgaaggcactactgtactaatagggccgggcacatgttaactac



Output — bubble core

>SNP_higher_path_2|high|left_unitig_length_472|right_unitig_length_261|
left_contig_length_472|right_contig_length_378|C1_8|C2_120|rank_0.88900
ttgcggataccgttgagacatcttataagtagacgcaatgcggaatcttatagaatcgcccgatagcgttgtgttggtggacacggctgatta
ccctctcacccgcegctattagcttccataccacctgcggccatccattaagatccgctgctcctcacgaaaaaagaattaataagaagtcccgt
aacatgcggatttggtagtcgttatagacaactttactggggcgaactaaaacgcttgtggacagaattttggcagtggcaattaatctctaa
tgatgtgatattagggtctaaaatgtaagaattcggtgagttagattggacaaggggatccgaagatgttttggcgcagttagtcacagggg
gagcccctgcctacaaaaagcgcttactgttgactgtctagggatacagcgaaagcggcagtcgttgaagcaaaagtgatatgtgcgacac
tgcatctagGCAGCGCAACAACGCAACAGCTCGAGGTGTACTTCGCAGAGAAACCGCACGTCCAGTTCTAacact
ctcatatgtgctcgtcgtttatgctttcggcgtgaaaactggtgcg ccggtgtctggagaccatccttctt g yggacagccat
cacggtttgtgggttcactgggactgtcacgcttaaccggacggaactcgagaaggca gatccgacac

caccataacgcggcactcatgattatcatcacttttttagtcccta Jtggaagtgc

acttgatcgttttgctgtagaaaaaactta A2 ttaactac

>SNP_lower_path

left_contig -

ttgcggatad i {ra secgatagcgttgtgttggtggacacggctgatta

ccctctcaccy o gagalccgctgctcctcacgaaaaaagaattaataagaagtcccgt
[ ]

aacatgcggd ggggcgaactaaaacgcttgtggacagaattttggcagtggcaattaatctctaa

tgatgtgata eaddilgtaagaattcggtgagttagattggacaaggggatccgaagatgttttggcgcagttagtcacagggg
gagcccctgcctacaaaaagcgcttactgttgactgtctagggatacagcgaaagcggcagtcgttgaagcaaaagtgatatgtgcgacac
tgcatctagGCAGCGCAACAACGCAACAGCTCGAGGTGTICTTCGCAGAGAAACCGCACGTCCAGTTCTAacact
ctcatatgtgctcgtcgtttatgctttcggcgtgaaaactggtgcgccggtgtctggagaccatccttcttgcgtatgactccaaggacagcecat
cacggtttgtgggttcactgggactgtcacgcttaaccggacggaactcgagaaggcatacgactggtcgtaagaccgctctgatccgacac
caccataacgcggcactcatgattatcatcacttttttagtccctattacagagctgccgggtggatgactctctaccgcgctctgtggaagtgc
acttgatcgttttgctgtagaaaaaacttaataaacagaatgccgatgaaggcactactgtactaatagggccgggcacatgttaactac
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Output — Extensions

>SNP_higher_path_2|high|left_unitig_length_472|right_unitig_length_261|
left_contig_length_472|right_contig_length_378|C1_8|C2_120|rank_0.88900
ttgcggataccgttgagacatcttataagtagacgcaatgcggaatcttatagaatcgcccgatagcgttgtgttggtggacacggctgatta
ccctctcacccgcegctattagcttccataccacctgecggccatccattaagatccgctgctcctcacgaaaaaagaattaataagaagtcecgt
aacatgcggatttggtagtcgttatagacaactttactggggcgaactaaaacgcttgtggacagaattttggcagtggcaattaatctctaa
tgatgtgatattagggtctaaaatgtaagaattcggtgagttagattggacaaggggatccgaagatgttttggcgcagttagtcacagggg
gagcccctgcctacaaaaagcgcttactgttgactgtctagggatacagcgaaagcggcagtcgttgaagcaaaagtgatatgtgcgacac
tgcatctagGCAGCGCAACAACGCAACAGCTCGAGGTGTACTTCGCAGAGAAACCGCACGTCCAGTTCTAacact
ctcatatgtgctcgtcgtttatgctttcggcgtgaaaactggtgcgccggtgtctggagaccatccttcttgcgtatgactccaaggacagccat
cacggtttgtgggttcactgggactgtcacgcttaaccggacggaactcgagaaggcatacgactggtcgtaagaccgctctgatccgacac
caccataacgcggcactcatgattatcatcacttttttagtccctattacagagctgccgggtggatgactctctaccgcgctctgtggaagtgc
acttgatcgttttgctgtagaaaaaacttaataaacagaatgccgatgaaggcactactgtactaatagggccgggctacatgttaactac
>SNP_lower_path_2|high|left_unitig_length_472|right_unitig_length_261|
left_contig_length_472|right_contig_length_378|C1_118|C2_6|rank

ttgcggataccgttgagacatcttataagtagacgcaatgcggaatc tgatta
ccctctcacccgcgctattagcttccataccacct (10 . tcccgt
aacatgcggatttggtagtcg . cont . €S tctaa
tgatgtgatattagg ggagg
gagcccctgcctad ~egtgCgacac
tgcatctagGCAG [ 3 gUO e TCCAGTTCTAacact
ctcatatgtgctcgtd ‘A a ccttcttgcgtatgactccaaggacagccat
cacggtttgtgggtt ggddctcgagaaggcatacgactggtcgtaagaccgctctgatccgacac

caccataacgcggca ttagtccctattacagagctgccgggtggatgactctctaccgcgctctgtggaagtgc
acttgatcgttttgctgta aaaaaacttaataaacagaatgccgatgaaggcactactgtactaatagggccgggcacatgttaactac
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Output — coverages

>SNP_higher_path_2|high|left_unitig_length_472|right_unitig_length_261|
left_contig_length_472|right_contig_length_378|C1_8|C2_120|rank_0.88900
ttgcggataccgttgagacatcttataagtagacgcaatgcggaatcttatagaatcgcccgatagcgttgtgttggtggacacggctgatta
ccctctcacccgcegctattagcttccataccacctgcggccatccattaagatccgctgctcctcacgaaaaaagaattaataagaagtcccgt
aacatgcggatttggtagtcgttatagacaactttactggggcgaactaaaacgcttgtggacagaattttac ttaatctctaa
tgatgtgatattagggtctaaaatgtaagaattcggtgagttagattggacaaggaa= gtcacagggg
gagcccctgcctacaaaaagcgcttactgttgactgtcta gasa gtgcgacac

tgcatctagGCAGCGCAACAACG CTAacact
ctcatatgtgctcg ead eta dgacagccat
cacggtttgy [ srergaccgctctgatccgacac
caccataac . ggoutggatgactctctaccgcgctctgtggaagtgc
acttgatcgt gortyc ggcactactgtactaatagggccgggctacatgttaactac

>SNP_lowg¢
left_contig \ right_ contlg length_ 378|C1 118|C2 6|rank '0.88900
ttgcggataccgttgagacatcttataagtagacgcaatgcggaatcttatagaatcgcccgatagcgttgtgttggtggacacggctgatta
ccctctcacccgcegctattagcttccataccacctgcggccatccattaagatccgctgctcctcacgaaaaaagaattaataagaagtcccgt
aacatgcggatttggtagtcgttatagacaactttactggggcgaactaaaacgcttgtggacagaattttggcagtggcaattaatctctaa
tgatgtgatattagggtctaaaatgtaagaattcggtgagttagattggacaaggggatccgaagatgttttggcgcagttagtcacagggg
gagcccctgcctacaaaaagcgcttactgttgactgtctagggatacagcgaaagcggcagtcgttgaagcaaaagtgatatgtgcgacac
tgcatctagGCAGCGCAACAACGCAACAGCTCGAGGTGTICTTCGCAGAGAAACCGCACGTCCAGTTCTAacact
ctcatatgtgctcgtcgtttatgctttcggcgtgaaaactggtgcgccggtgtctggagaccatccttcttgcgtatgactccaaggacagcecat
cacggtttgtgggttcactgggactgtcacgcttaaccggacggaactcgagaaggcatacgactggtcgtaagaccgctctgatccgacac
caccataacgcggcactcatgattatcatcacttttttagtccctattacagagctgccgggtggatgactctctaccgcgctctgtggaagtgc
acttgatcgttttgctgtagaaaaaacttaataaacagaatgccgatgaaggcactactgtactaatagggccgggcacatgttaactac
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Output — rank

>SNP_higher_path_2|high|left_unitig_length_472|right_unitig_length_261|
left_contig_length_472|right_contig_length_378|C1_8|C2_120|rank_0.88900
ttgcggataccgttgagacatcttataagtagacgcaatgcggaatcttatagaatcgcccgatagcgttgtgttggtggacacggctgatta
ccctctcacccgcegctattagcttccataccacctgcggccatccattaagatccgctgctcctcacgaaaaaagaattaataagaagtcccgt
aacatgcggatttggtagtcgttatagacaactttactggggcgaactaaaacgcttgtggacagaattttac ttaatctctaa
tgatgtgatattagggtctaaaatgtaagaattcggtgagttagattggacaaggaa= gtcacagggg

gagcccctgcctacaaaaagcgcttactgttgactgtcta gasa d gtgcgacac
tgcatctagGCAGCGCAACAACG _ een rea CTAacact
ctcatatgtgctcg . mina ve e dgacagccat
cacggtttgy 1 srergaccgctctgatccgacac

acttgatcgt gortyc ggcactactgtactaatagggccgggctacatgttaactac
>SNP_lowg¢
left_contig \ right_ contlg length_ 378|C1 118|C2 6|rank 10.88900
ttgcggataccgttgagacatcttataagtagacgcaatgcggaatcttatagaatcgcccgatagcgttgtgttggtggacacggctgatta
ccctctcacccgcegctattagcttccataccacctgcggccatccattaagatccgctgctcctcacgaaaaaagaattaataagaagtcccgt
aacatgcggatttggtagtcgttatagacaactttactggggcgaactaaaacgcttgtggacagaattttggcagtggcaattaatctctaa
tgatgtgatattagggtctaaaatgtaagaattcggtgagttagattggacaaggggatccgaagatgttttggcgcagttagtcacagggg
gagcccctgcctacaaaaagcgcttactgttgactgtctagggatacagcgaaagcggcagtcgttgaagcaaaagtgatatgtgcgacac
tgcatctagGCAGCGCAACAACGCAACAGCTCGAGGTGTICTTCGCAGAGAAACCGCACGTCCAGTTCTAacact
ctcatatgtgctcgtcgtttatgctttcggcgtgaaaactggtgcgccggtgtctggagaccatccttcttgcgtatgactccaaggacagcecat
cacggtttgtgggttcactgggactgtcacgcttaaccggacggaactcgagaaggcatacgactggtcgtaagaccgctctgatccgacac
caccataacgcggcactcatgattatcatcacttttttagtccctattacagagctgccgggtggatgactctctaccgcgctctgtggaagtgc
acttgatcgttttgctgtagaaaaaacttaataaacagaatgccgatgaaggcactactgtactaatagggccgggcacatgttaactac
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Methods

* Step 1: Detect bubbles in de-bruin graph.

CTGA —>»1 TGAC —>»1 GACC —>»1 ACCT

IL)
O

CTGT p—»1 TGTC p—» GTCC p—» TCCT

* All read sets mixed
e Uses minia impl. (< 6GB for human)

R. Chikhi, G. Rizk. Space-efficient and exact de Bruijn graph representation based on a Bloom filter, WABI 2012
K. Salikhov, G. Sacomoto and G. Kucherov. Using cascading Bloom filters to improve the memory usage for de

Brujin graphs, WABI 2013



Methods

* Step 2: map reads on found bubble sequences

* Provides
— Quality
— Coverages

 Remove de-bruijn chimeric paths



A few results — Ranking

* A good ranking approach (using phi coef.)

o L
(o

B True Positives

[ False Positives |
o L
ﬂ-
o | IJ:|J:|_D_I-_-_L-_ILLLLI-_Llll I_
0.8

0 02 04 0.6

Counts ( x 1,000)
20

discoiFn)ph l’e@@%tt’[0| e nt



A few results — filtering with extention

lengths

o
. < B True Positives
8 [ False Positives
=
=
_ o |
N Al
l=
-
8 ll|||

o ___D.Dﬂﬂl]ljljlz lL

1000 10000

Exten5|on S|ze {Ieft and right, bp)

coSnp - Pe



Precision and recall (%)

A few results — n conditions
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A few results - human

Alt. solutions:

* Bubbleparse

. * Assembly

.: +mapping

: —— discoSnp

: Bubbleparse

: —— Soap+gatk
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RecaLIsjo%;g_ Peterlongo P. Leggett et.al. PLoS ONE, 2013 8(3)



A few results — Time/memory
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A few results — real data

 Tick data set

— confirmed 96% of the predicted SNPs
tested in vitro

— Quillery et al. (2013)
Molecular Ecology Resources

 Mouse data set (scaling test)
— Near 3 billions lllumina reads
— Less than 5 days
— 5.7 GB of memory

discoSnp - Peterlongo P.



Availability

e http://colibread.inria.fr/discosnp
— CeCILL License

/,7 Colio’read

discoSnp - Peterlongo P.
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