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Metagenomics Binning Problem
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k-mers / k-grams

CTGCTCGCCCTTGGTCGGAATGCA

TTGG TGGT GGTCCTTGCCTT… …
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• k-mers are used to address several challenges:

• Variable-length sequences.

• The ambiguity in read direction

• Complementary strands 



Identifiable reads

CTGCTCGCCCTTGGTCGGAATGCA

?

• Identifiable reads can be uniquely reconstructed from their given k-mer profile. 
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Identifiable reads

• Identifiable reads can be uniquely reconstructed from their given k-mer profile.
• But using large values of k is impractical. 
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• Lipschitz equivalent spaces.



Linear read embeddings
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k-mer profile: First, consider the definition of k-mer profiles:

ℰ𝑘𝑚𝑒𝑟 𝐫  ≔ 

𝐱∈Σk

𝑐𝐫 𝐱 𝐳𝐱

where 𝐳𝑥 represents the canonical basis vector for the k-mer 𝐱 ∈ Σk , i.e. (𝐳𝐱 ∈ { 𝑢1, … , 𝑢 Σ k ∈

0,1 Σ𝑘
: σ𝑖 𝑢𝑖 = 1}).

AACTGGTAAGCGTAGCGAGCTCTAAG

• k-mers are not independent!

AGCTGGTAAGCGTAGCGAGCTCTAAG

AACT ACTG AGCT GCTG

-1 -1 +1 +1



Linear read embeddings
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Poisson model:
CTGCTCGCCCTTGGTCGGAATGCA

TTGG TGGT GGTCCTTGCCTT

context k-mers center context k-mers

• 𝑜𝐱,𝐲 indicates the number of average co-appearances of k-mers i 𝐱 and 𝒚 per read within a window size 𝜔

𝑜𝐱,𝐲 ∼ 𝑃𝑜𝑖𝑠(𝜆𝐱,𝐲) 𝜆𝐱,𝐲 ≔ exp(−‖𝐳𝐱  − 𝐳𝑦‖)

• The embedding of read, 𝐫, is given by

ℰ𝑃𝑜𝑖𝑠 𝐫  ≔
1

σ
𝐱∈Σk 𝑐𝐫 𝐱 𝐳𝐱



𝐱∈Σk

𝑐𝐫 𝐱 𝐳𝐱

window



Non-linear read embeddings
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Non-linear model:

[1] Pan, Shaojun, Xing-Ming Zhao, and Luis Pedro Coelho. "SemiBin2: self-supervised contrastive learning leads to better MAGs for short-and 
long-read sequencing." Bioinformatics 39.Supplement_1 (2023): i21-i29.



Experiments
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Conclusion
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• We provide a theoretical analysis of the k-mer space, offering insights into why k-mers 
serve as powerful and informative features for genomic tasks.

• We demonstrate that models based on k-mers remain 
viable alternatives to large-scale genome foundation 
models.

• We show that scalable, lightweight models can provide 
competitive performance in the metagenomic binning 
task, highlighting their efficiency in handling complex 
datasets.



Thank you!
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For the implementation, datasets, and more details, please visit 
the address: 
https://github.com/abdcelikkanat/revisitingkmers

https://github.com/abdcelikkanat/revisitingkmers
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