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Indexing: Motivation  
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-  Tara Ocean:  
-    738 billions  
-    paired reads 

-  100000 genome 
project: ~19 PB 

-  SRA: > 50 PB 

https://www.ebi.ac.uk/ena/browser/about/statistics 



Indexing: Motivation  
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Sequencing data Assembly/Mapping Analyses 

Data sleeps in rarely 
opened drawers 



k-mer indexing 
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Query: 
ACACTCGCAGAGGGATTATTTTTAAA 

For each k-mer 
(e.g. ACTCGCAGAG) 

sample_0 False 

sample_1 True 

... ... 

sample_n True 

Sample 0 Sample 1 Sample n 

... 

Index creation 
The talk focuses on  
(parts of) that step 



k-mer indexing & bloom filters 

Methods: 

-  BFT (Holley et al., 2016)* 
-  Sequence Bloom Tree*:   

-  SBT (Solomon & Kingsford, 2016) 
-  AllSomeSBT (Sun et al., 2017) 
-  SSBT (Solomon & Kingsford, 2018) 
-  HowDeSBT (Harris & Medvedev, 2019) 

-  Mantis (Pandey et al., 2018) 
-  SeqOthello (Yu et al., 2018) 
-  BIGSI (Bradley et al., 2019)* 
-  COBS (Bingmann et al., 2019)* 
-  ... 
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*Based on Bloom filters 

A review: Data structure based on k-mers for querying large collections of sequencing 
datasets (Marchet et al., Genome Research 2020)  
 



Bloom filters 
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adapted from 
wikipedia 

Usual Bloom filters construction from k-mers. For each sample: 
1/2 Count k-mers with efficient k-mer counting tool as Jellyfish 

(Marçais et al.) or KMC (Kokot et al.). 
2/2 Remove low-abundant k-mers, add others in a Bloom filter 

 
Inefficient + loss of information (low-abundant k-mer removal) 
Plan (kmtricks): 

-  Count hash, not k-mers 
-  Rescue low-abundant k-mers 



kmtricks IOs overview 
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Partitioned Bloom filters Counted hashes  
kmtricks specific 

P1: 0-3 
P2: 4-7 
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Hash rescue example: 
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Applications 
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-  kmtricks (standalone) 
-  k-mer matrix construction 
-  Bloom filter construction 
-  With / wo rescue 

Up next: 
  kmtricks + HowDeSBT 

-  kmtricks + compatible HowDeSBT 
software available on kmtrick’s Github 
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kmtricks performances on Tara Ocean  

241 bacterial metagenomic stations: 
-  712 fastq.gz 
-  > 6.5 TB 
-  266 billions distinct k-mers 
-  174 millions occur twice or more 

 
 

Pesant et al. 
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kmtricks performances on Tara Ocean  

241 bacterial metagenomic stations: 
-  712 fastq.gz 
-  > 6.5 TB 
-  266 billions distinct k-mers 
-  174 millions occur twice or more 

 
 

Pesant et al. 

Performances for bloom filter creation: 

kmtricks: hash rescue step - first conserving all kmers 
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kmtricks + HowDeSBT performances on Tara Ocean  

241 bacterial metagenomic stations: 
-  712 fastq.gz 
-  > 6.5 TB 
-  266 billions distinct k-mers 
-  174 millions occur twice or more 

 
 

Pesant et al. 

Performances for bloom filter creation: 

Used with HowDeSBT 
HowDeSBT tree construction from BFs:  ~40h 
Final index size: 612 GB 
Query time: 19 minutes (for 1 or 1000 queries) 

kmtricks: hash rescue step - first conserving all kmers 
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Laehnemann et al. 

Collection-aware k-mer filtering recovers large amounts of 
weak signal 
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Collection-aware k-mer filtering recovers large amounts of 
weak signal 

k-mers occuring once 

Expected number of erroneous k-mers 

   1 :   
> 1 : too many k-mers are discarded 
< 1 : too many k-mers are kept 
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Collection-aware k-mer filtering recovers large amounts of 
weak signal 

Unrescued k-mers 

Expected number of erroneous k-mers 

k-mers occuring once 

Expected number of erroneous k-mers 

   1 :   
> 1 : too many k-mers are discarded 
< 1 : too many k-mers are kept 



Conclusion & Future work 

-  Improves bf construction time  
-  still very insufficient to hope to scale up on the very large databases 

 
-  kmtricks + HowDe-SBT -> build an index for medium scale dataset:  

-  all bacterial metagenomics reads from Tara Ocean in a few days. 
 

-  Low-abundant k-mer rescue procedure seems to recover an interesting signal 
-  Future steps: analyze the signal present in recovered k-mers 

 
-  Take advantage of partitioned Bloom filters in indexes: 

-  Construction time: Parallel construction of HowDe-SBT tree  
-  Query time: query one tree per partition  
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https://github.com/tlemane/kmtricks 



Thank you !  
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https://github.com/tlemane/kmtricks 
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