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Too many K-mers to keep in memory for 

convenient access
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Distribution of 31-mers in dataset D3 
(human chr 14) having value larger than 2. 

Jiang et al., “kmcEx: memory frugal and retrieval efficient encoding 
of counted k-mers”, Bioinformatics 35(23):4871-4878, 2019
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Keep in one big 

Bloom filter?
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Optimal size of Bloom filter is n = -2.08 m (ln ) bits

For dataset D5, 

# of K-mers  7 billions 

n = -2.08 (7 x 109) (ln ) 

 100 x 109 bits  12 GB at  = 0.01%

But this Bloom filter cannot tell you frequency of K-mers 

n  = size of Bloom filter
m = # of elements inserted
   = false positive rate
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Separation trick
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Use separate Bloom filters to store K-mers of different 

frequency; i.e., use Hj to store K-mers of frequency j

K-mer frequencies can go from 1, 2, …, to thousands

Use H1, …, Hh to store K-mers of frequencies 1 to h

And look for clever idea to deal with K-mers having 

frequency > h
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Exercise 

Cf. D5, suppose

4 x 109 K-mers with freq = 1

90 x 106 K-mers with freq = 2

15 x 106 K-mers with freq = 3

18 x 106 K-mers with freq = 4

21 x 106 K-mers with freq = 5

3 x 109 K-mers with freq > 5

What space is needed to store them in H1, …, H5 and a 

hash table (for the counts of K-mers with freq > 5) ?
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Distribution of 31-mers in dataset D3 
(human chr 14) having value larger than 2. 
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The coupled bit arrays of kmcEx
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kmcEx stores K-mers and their counts using a pair of 

Bloom filter-like bit arrays B = (B+, B−)

Jiang et al., “kmcEx: Memory-frugal and retrieval-efficient encoding 
of counted k-mers”, Bioinformatics 35(23):4871-4878, 2019
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Example 

8Jiang et al., “kmcEx: Memory-frugal and retrieval-efficient encoding 
of counted k-mers”, Bioinformatics 35(23):4871-4878, 2019
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Collisions 
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Traditional Bloom filters no need to care for collisions

But kmcEx must take care of collisons in B− because the 

bits can change from 0 to 1 and 1 to 0

Collison happens in B−

If there i  { 0, 1,…, h – 1} such that

B+[Hi()] = 1 and B−[Hi()]  B’−[Hi()]

where  is the K-mer to be inserted and B’ is the updated 

coupled bit-arrays if  is inserted
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Exercise 
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Suggest a simple and effective way for kmcEx to deal 

with collisions
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Other ideas in kmcEx
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False positive reduction

Check if any of ’s neighbours is found and has similar 

count as 

Frequency binning

Discretize counts into bins of progressively larger width

e.g., use 60 to represent frequencies 59, 60, & 61

K-mer separation

Use separate vanilla Bloom filter for K-mers of freq = 1
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Memory usage, count fidelity, & FPR

13Jiang et al., “kmcEx: Memory-frugal and retrieval-efficient encoding 
of counted k-mers”, Bioinformatics 35(23):4871-4878, 2019
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Running time
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Encoding = ~1.3 mps (mil K-mers per sec)

Decoding = ~0.5 mps (present K-mers), 

~0.7 mps (absent K-mers)

Jiang et al., “kmcEx: Memory-frugal and retrieval-efficient encoding 
of counted k-mers”, Bioinformatics 35(23):4871-4878, 2019

Expt performed on a computer w/ 256GB RAM, 2 x E5-2683V4 CPU, CentOS 7.0
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Must read

kmcEx

P. Jiang et al., “kmcEx: Memory-frugal and retrieval-efficient encoding of counted 
k-mers”, Bioinformatics 35(23):4871-4878, 2019. 
https://pubmed.ncbi.nlm.nih.gov/31038666/
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https://pubmed.ncbi.nlm.nih.gov/31038666/
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