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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	
  locaPon	
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Overview	
  

Main	
  parameters	
  
•  k	
  size	
  of	
  the	
  used	
  k-­‐mers	
  	
  
•  c	
  minimal	
  coverage	
  	
  

>SNP_higher_path_2|high|leU_uniPg_length_472|right_uniPg_length_261|leU_conPg_length_472|	
  
right_conPg_length_378|C1_8|C2_120|rank_0.88900	
  
]gcggataccg]gagacatc]ataagtagacgcaatgcggaatc]atagaatcgcccgatagcg]gtg]ggtggacacggctga]accctctcaccc	
  
gcgcta]agc]ccataccacctgcggccatcca]aagatccgctgctcctcacgaaaaaagaa]aataagaagtcccgtaacatgcgga]tggtagtc	
  
g]atagacaac]tactggggcgaactaaaacgc]gtggacagaa]]ggcagtggcaa]aatctctaatgatgtgata]agggtctaaaatgtaagaa	
  
]cggtgag]aga]ggacaaggggatccgaagatg]]ggcgcag]agtcacagggggagcccctgcctacaaaaagcgc]actg]gactgtctag	
  
ggatacagcgaaagcggcagtcg]gaagcaaaagtgatatgtgcgacactgcatctagGCAGCGCAACAACGCAACAGCTCGAGG	
  
TGTACTTCGCAGAGAAACCGCACGTCCAGTTCTAacactctcatatgtgctcgtcg]tatgc]tcggcgtgaaaactggtgcgccg	
  
gtgtctggagaccatcc]c]gcgtatgactccaaggacagccatcacgg]tgtggg]cactgggactgtcacgc]aaccggacggaactcgagaagg	
  
catacgactggtcgtaagaccgctctgatccgacaccaccataacgcggcactcatga]atcatcac]]]agtcccta]acagagctgccgggtggatg	
  
actctctaccgcgctctgtggaagtgcac]gatcg]]gctgtagaaaaaac]aataaacagaatgccgatgaaggcactactgtactaatagggccggg	
  
ctacatg]aactac	
  
>SNP_lower_path_2|high|leU_uniPg_length_472|right_uniPg_length_261|leU_conPg_length_472|	
  
right_conPg_length_378|C1_118|C2_6|rank_0.88900	
  
]gcggataccg]gagacatc]ataagtagacgcaatgcggaatc]atagaatcgcccgatagcg]gtg]ggtggacacggctga]accctctcaccc	
  
gcgcta]agc]ccataccacctgcggccatcca]aagatccgctgctcctcacgaaaaaagaa]aataagaagtcccgtaacatgcgga]tggtagtc	
  
g]atagacaac]tactggggcgaactaaaacgc]gtggacagaa]]ggcagtggcaa]aatctctaatgatgtgata]agggtctaaaatgtaagaa	
  
]cggtgag]aga]ggacaaggggatccgaagatg]]ggcgcag]agtcacagggggagcccctgcctacaaaaagcgc]actg]gactgtctag	
  
ggatacagcgaaagcggcagtcg]gaagcaaaagtgatatgtgcgacactgcatctagGCAGCGCAACAACGCAACAGCTCGAGG	
  
TGTTCTTCGCAGAGAAACCGCACGTCCAGTTCTAacactctcatatgtgctcgtcg]tatgc]tcggcgtgaaaactggtgcgccgg	
  
tgtctggagaccatcc]c]gcgtatgactccaaggacagccatcacgg]tgtggg]cactgggactgtcacgc]aaccggacggaactcgagaaggc	
  
atacgactggtcgtaagaccgctctgatccgacaccaccataacgcggcactcatga]atcatcac]]]agtcccta]acagagctgccgggtggatga	
  
ctctctaccgcgctctgtggaagtgcac]gatcg]]gctgtagaaaaaac]aataaacagaatgccgatgaaggcactactgtactaatagggccgggc	
  
tacatg]aactac	
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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
ccctctcacccgcgctattagcttccataccacctgcggccatccattaagatccgctgctcctcacgaaaaaagaattaataagaagtcccgt
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_0.88900 
ttgcggataccgttgagacatcttataagtagacgcaatgcggaatcttatagaatcgcccgatagcgttgtgttggtggacacggctgatta
ccctctcacccgcgctattagcttccataccacctgcggccatccattaagatccgctgctcctcacgaaaaaagaattaataagaagtcccgt
aacatgcggatttggtagtcgttatagacaactttactggggcgaactaaaacgcttgtggacagaattttggcagtggcaattaatctctaa
tgatgtgatattagggtctaaaatgtaagaattcggtgagttagattggacaaggggatccgaagatgttttggcgcagttagtcacagggg
gagcccctgcctacaaaaagcgcttactgttgactgtctagggatacagcgaaagcggcagtcgttgaagcaaaagtgatatgtgcgacac
tgcatctagGCAGCGCAACAACGCAACAGCTCGAGGTGTTCTTCGCAGAGAAACCGCACGTCCAGTTCTAacact
ctcatatgtgctcgtcgtttatgctttcggcgtgaaaactggtgcgccggtgtctggagaccatccttcttgcgtatgactccaaggacagccat
cacggtttgtgggttcactgggactgtcacgcttaaccggacggaactcgagaaggcatacgactggtcgtaagaccgctctgatccgacac
caccataacgcggcactcatgattatcatcacttttttagtccctattacagagctgccgggtggatgactctctaccgcgctctgtggaagtgc
acttgatcgttttgctgtagaaaaaacttaataaacagaatgccgatgaaggcactactgtactaatagggccgggcacatgttaactac 
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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
ccctctcacccgcgctattagcttccataccacctgcggccatccattaagatccgctgctcctcacgaaaaaagaattaataagaagtcccgt
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_0.88900 
ttgcggataccgttgagacatcttataagtagacgcaatgcggaatcttatagaatcgcccgatagcgttgtgttggtggacacggctgatta
ccctctcacccgcgctattagcttccataccacctgcggccatccattaagatccgctgctcctcacgaaaaaagaattaataagaagtcccgt
aacatgcggatttggtagtcgttatagacaactttactggggcgaactaaaacgcttgtggacagaattttggcagtggcaattaatctctaa
tgatgtgatattagggtctaaaatgtaagaattcggtgagttagattggacaaggggatccgaagatgttttggcgcagttagtcacagggg
gagcccctgcctacaaaaagcgcttactgttgactgtctagggatacagcgaaagcggcagtcgttgaagcaaaagtgatatgtgcgacac
tgcatctagGCAGCGCAACAACGCAACAGCTCGAGGTGTTCTTCGCAGAGAAACCGCACGTCCAGTTCTAacact
ctcatatgtgctcgtcgtttatgctttcggcgtgaaaactggtgcgccggtgtctggagaccatccttcttgcgtatgactccaaggacagccat
cacggtttgtgggttcactgggactgtcacgcttaaccggacggaactcgagaaggcatacgactggtcgtaagaccgctctgatccgacac
caccataacgcggcactcatgattatcatcacttttttagtccctattacagagctgccgggtggatgactctctaccgcgctctgtggaagtgc
acttgatcgttttgctgtagaaaaaacttaataaacagaatgccgatgaaggcactactgtactaatagggccgggcacatgttaactac 

•  “core	
  of	
  l
ength	
  2k-­‐1

”	
  	
  

•  Polymorphic	
  cen
tral	
  posiPo

n	
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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
ccctctcacccgcgctattagcttccataccacctgcggccatccattaagatccgctgctcctcacgaaaaaagaattaataagaagtcccgt
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_0.88900 
ttgcggataccgttgagacatcttataagtagacgcaatgcggaatcttatagaatcgcccgatagcgttgtgttggtggacacggctgatta
ccctctcacccgcgctattagcttccataccacctgcggccatccattaagatccgctgctcctcacgaaaaaagaattaataagaagtcccgt
aacatgcggatttggtagtcgttatagacaactttactggggcgaactaaaacgcttgtggacagaattttggcagtggcaattaatctctaa
tgatgtgatattagggtctaaaatgtaagaattcggtgagttagattggacaaggggatccgaagatgttttggcgcagttagtcacagggg
gagcccctgcctacaaaaagcgcttactgttgactgtctagggatacagcgaaagcggcagtcgttgaagcaaaagtgatatgtgcgacac
tgcatctagGCAGCGCAACAACGCAACAGCTCGAGGTGTTCTTCGCAGAGAAACCGCACGTCCAGTTCTAacact
ctcatatgtgctcgtcgtttatgctttcggcgtgaaaactggtgcgccggtgtctggagaccatccttcttgcgtatgactccaaggacagccat
cacggtttgtgggttcactgggactgtcacgcttaaccggacggaactcgagaaggcatacgactggtcgtaagaccgctctgatccgacac
caccataacgcggcactcatgattatcatcacttttttagtccctattacagagctgccgggtggatgactctctaccgcgctctgtggaagtgc
acttgatcgttttgctgtagaaaaaacttaataaacagaatgccgatgaaggcactactgtactaatagggccgggcacatgttaactac 

•  Size	
  leU	
  a
nd	
  right	
  co

nPgs	
  

•  Size	
  leU	
  a
nd	
  right	
  un

iPgs	
  (≤	
  size
	
  conPgs)	
  

•  UniPg	
  =	
  u
nambiguous	
  ex

tension	
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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
ccctctcacccgcgctattagcttccataccacctgcggccatccattaagatccgctgctcctcacgaaaaaagaattaataagaagtcccgt
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_0.88900 
ttgcggataccgttgagacatcttataagtagacgcaatgcggaatcttatagaatcgcccgatagcgttgtgttggtggacacggctgatta
ccctctcacccgcgctattagcttccataccacctgcggccatccattaagatccgctgctcctcacgaaaaaagaattaataagaagtcccgt
aacatgcggatttggtagtcgttatagacaactttactggggcgaactaaaacgcttgtggacagaattttggcagtggcaattaatctctaa
tgatgtgatattagggtctaaaatgtaagaattcggtgagttagattggacaaggggatccgaagatgttttggcgcagttagtcacagggg
gagcccctgcctacaaaaagcgcttactgttgactgtctagggatacagcgaaagcggcagtcgttgaagcaaaagtgatatgtgcgacac
tgcatctagGCAGCGCAACAACGCAACAGCTCGAGGTGTTCTTCGCAGAGAAACCGCACGTCCAGTTCTAacact
ctcatatgtgctcgtcgtttatgctttcggcgtgaaaactggtgcgccggtgtctggagaccatccttcttgcgtatgactccaaggacagccat
cacggtttgtgggttcactgggactgtcacgcttaaccggacggaactcgagaaggcatacgactggtcgtaagaccgctctgatccgacac
caccataacgcggcactcatgattatcatcacttttttagtccctattacagagctgccgggtggatgactctctaccgcgctctgtggaagtgc
acttgatcgttttgctgtagaaaaaacttaataaacagaatgccgatgaaggcactactgtactaatagggccgggcacatgttaactac 

•  Coverage
	
  per	
  read	
  s

et	
  and	
  per
	
  “allele”	
  

•  Quality	
  n
ot	
  show	
  o

n	
  this	
  exam
ple	
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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
ccctctcacccgcgctattagcttccataccacctgcggccatccattaagatccgctgctcctcacgaaaaaagaattaataagaagtcccgt
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_0.88900 
ttgcggataccgttgagacatcttataagtagacgcaatgcggaatcttatagaatcgcccgatagcgttgtgttggtggacacggctgatta
ccctctcacccgcgctattagcttccataccacctgcggccatccattaagatccgctgctcctcacgaaaaaagaattaataagaagtcccgt
aacatgcggatttggtagtcgttatagacaactttactggggcgaactaaaacgcttgtggacagaattttggcagtggcaattaatctctaa
tgatgtgatattagggtctaaaatgtaagaattcggtgagttagattggacaaggggatccgaagatgttttggcgcagttagtcacagggg
gagcccctgcctacaaaaagcgcttactgttgactgtctagggatacagcgaaagcggcagtcgttgaagcaaaagtgatatgtgcgacac
tgcatctagGCAGCGCAACAACGCAACAGCTCGAGGTGTTCTTCGCAGAGAAACCGCACGTCCAGTTCTAacact
ctcatatgtgctcgtcgtttatgctttcggcgtgaaaactggtgcgccggtgtctggagaccatccttcttgcgtatgactccaaggacagccat
cacggtttgtgggttcactgggactgtcacgcttaaccggacggaactcgagaaggcatacgactggtcgtaagaccgctctgatccgacac
caccataacgcggcactcatgattatcatcacttttttagtccctattacagagctgccgggtggatgactctctaccgcgctctgtggaagtgc
acttgatcgttttgctgtagaaaaaacttaataaacagaatgccgatgaaggcactactgtactaatagggccgggcacatgttaactac 

•  1	
  =	
  SNP	
  d
iscriminaPve	
  be

tween	
  rea
d	
  sets	
  

•  0	
  =	
  SNP	
  n
on	
  discrim

inaPve	
  be
tween	
  rea

d	
  sets	
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Methods	
  

•  Step	
  1:	
  Detect	
  bubbles	
  in	
  de-­‐bruin	
  graph.	
  	
  

•  All	
  read	
  sets	
  mixed	
  
•  Uses	
  minia	
  impl.	
  (≤	
  6GB	
  for	
  human)	
  

R.	
  Chikhi,	
  G.	
  Rizk.	
  Space-­‐efficient	
  and	
  exact	
  de	
  Bruijn	
  graph	
  representaPon	
  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	
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Methods	
  

•  Step	
  2:	
  map	
  reads	
  on	
  found	
  bubble	
  sequences	
  
•  Provides	
  	
  
– Quality	
  
– Coverages	
  

•  Remove	
  de-­‐bruijn	
  chimeric	
  paths	
  	
  

discoSnp	
  -­‐	
  Peterlongo	
  P.	
  



A	
  few	
  results	
  –	
  Ranking	
  

•  A	
  good	
  ranking	
  approach	
  (using	
  phi	
  coef.)	
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A	
  few	
  results	
  –	
  filtering	
  with	
  extenPon	
  
lengths	
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A	
  few	
  results	
  –	
  n	
  condiPons	
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A	
  few	
  results	
  -­‐	
  human	
  	
  

Alt.	
  soluPons:	
  
•  Bubbleparse	
  
•  Assembly
+mapping	
  

Legge]	
  et.al.	
  PLoS	
  ONE,	
  2013	
  8(3)	
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A	
  few	
  results	
  –	
  Time/memory	
  

Human	
  chr1	
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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	
  Illumina	
  reads	
  
– Less	
  than	
  5	
  days	
  
– 5.7	
  GB	
  of	
  memory	
  

B.Chaubet	
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Availability	
  

•  h]p://colibread.inria.fr/discosnp	
  
– CeCILL	
  License	
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