
Motivation: efficient long-read pairwise alignment
• For long-read sequencing technologies, pairwise alignment is a 

computational bottleneck [1]
• Identifying good candidate pairs prior to full alignment is desirable
• k-mer Jaccard Similarity is a common proxy for alignment size

• Min-hashes provide a fast, probabilistic method to estimate the  
Jaccard similarity [2,3]

• How good is Jaccard similarity at estimating the alignment length?

Model: “Some hashes are better than others”
• For a ”reference” read S1, we define a min-hash collision matrix A:

• This allows us to estimate p and q using SVD
• We refer to the resulting pi’s as the Spectral Jaccard Similarity
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Interpreting the Model
• Spectral Jaccard similarity provides a better estimate for alignment 

size than standard Jaccard similarity

• Hash functions hj that assign a low value to a common k-mer
provide a less reliable estimate of the alignment size

• The qj parameters capture the unreliability of hj

Efficient Computation via Multi-Armed Bandits
• While SVD is slow, only a small fraction of pairs of reads have  

nontrivial alignment (1% for E. coli)
• We adaptively estimate Spectral Jaccard Similarity using 

Multi-Armed Bandits [4]
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More accurate pre-alignment filter
• Task: identify pairs of reads with alignment larger than a threshold 𝜃
• Spectral Jaccard Similarity performs better than Jaccard Similarity

standard estimate of Jk(S1, Si)
assumes same “reliability” for 
all hashes 
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• To allow for different hashes to have 
different impacts, we assume that

• We then notice that

Aij ⇠ Ber(pi) OR Ber(qj)
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• For genomes with highly 
uneven k-mer distributions 
(and more common k-mers), 
qj’s play a more important role

Simulated reads from E. coli
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PacBio reads from E. coli
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PacBio reads from K. pneumoniae
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Spectral Jaccard Similarity

PacBio reads from K. pneumoniae

Simulated reads from P. falciparum (Malaria)
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• For pairs of reads with small 
alignments, only a small 
number of min-hashes are 
computed and used to 
estimate the pi’s

Distribution of alignment sizes (E. coli)

AUC = 0.88

AUC = 0.71

K. pneumoniae, 𝜃 = 0.2

AUC = 0.91

AUC = 0.77

E. coli, 𝜃 = 0.3 K. pneumoniae, 𝜃 = 0.8

AUC = 0.94

AUC = 0.8
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S1 S2
overlap

h1 9 13 7 14 28 91 0 31 4 5 45 13
31 86 53 6 7 18 9 23 9 70 3 94
6 7 41 42 32 9 91 10 5 34 54 8
40 2 61 3 8 30 92 42 90 25 72 81
17 97 13 52 48 5 45 37 23 1 74 19

4 5 45 13 2 9 42 37 8 3 99 17
9 70 3 94 17 5 45 21 19 52 14 80
5 34 54 8 31 14 11 9 52 4 59 27
90 25 72 81 13 87 53 45 9 35 12 11
23 1 74 19 23 52 98 3 29 76 33 35
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h5


