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r-index for exact matching

• Previous work (SPUMONI) uses the r-index to classify basecalled 
nanopore reads against a reference


• r-index 
(1) run-length encoded BWT +  
(2) sampled suffix array +  
(3) auxiliary data-structures


• SPUMONI framework enables linear time exact match computation 
against a reference index

 in sizeO(r)
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• SPUMONI framework enables linear time exact match computation 
against a reference index, in  spaceO(r)

r-index for exact matching
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Ref : GATTACATACATAAT


Query: ATGAATTACTAA


matching statistics:


2, 1, 2, 3, 5, 4, 3, 2, 1, 3, 2, 1

• SPUMONI framework enables linear time exact match computation 
against a reference index, in  spaceO(r)

r-index for exact matching
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We actually use pseudomatching 
lengths (similar to matching 
statistics, but faster to compute in 
a streaming manner)

• SPUMONI framework enables linear time exact match computation 
against a reference index, in  spaceO(r)

r-index for exact matching

22

Matching statistic: half maximal 
exact matches (half MEM)




Sigmoni

• Signal-based read classification using the r-index


• Idea: quantize signal into a discrete alphabet, project reference to the 
same alphabet, and compute exact matches


• Similar to SPUMONI, but avoiding basecalling reads by using a rapid 
signal binning procedure
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Σ = {A, B, C, D, E}



BWM BWT SA doc id
12 ABAEEEAEBAAE#AAAACBDEABAE... E 29 2
13 ABAEEEAEBAAE#AAACCBDEABAE... E 8 1
14 ABAEEEAEBEAAE$AAEACBDEABA... E 50 3
15 ACBDEABAEEEAEBAAE#AAACCBD... E 3 1
16 ACBDEABAEEEAEBEAAE$AAEACB... A 45 3
17 ACCBDEABAEEEAEBAAE#AAAACB... A 23 2
18 AE#AAAACBDEABAEEEAEBEAAE$... A 39 2
19 AE#AAACCBDEABAEEEAEBAAE#A... A 18 1
20 AE$AAEACBDEABAEEEAEBAAE#A... A 61 3
21 AEACBDEABAEEEAEBAAE#AAACC... A 1 1
22 AEBAAE#AAAACBDEABAEEEAEBE... E 35 2
23 AEBAAE#AAACCBDEABAEEEAEBA... E 14 1
24 AEBEAAE$AAEACBDEABAEEEAEB... E 56 3
25 AEEEAEBAAE#AAAACBDEABAEEE... B 31 2
26 AEEEAEBAAE#AAACCBDEABAEEE... B 10 1
27 AEEEAEBEAAE$AAEACBDEABAEE... B 52 3
28 BAAE#AAAACBDEABAEEEAEBEAA... E 37 2
29 BAAE#AAACCBDEABAEEEAEBAAE... E 16 1
30 BAEEEAEBAAE#AAAACBDEABAEE... A 30 2
31 BAEEEAEBAAE#AAACCBDEABAEE... A 9 1
32 BAEEEAEBEAAE$AAEACBDEABAE... A 51 3

i

Methods
ReferenceQuery

Bin sequence

(w/ HPC)A B D C … A C DA B E D … B C B

doc id genome

1 Pseudomonas aeruginosa

2 Escherichia coli

3 Saccharomyces cerevisiae

r-index

Ahmed, Omar, et al. "SPUMONI 2: Improved pangenome classification using a 
compressed index of minimizer digests." bioRxiv (2022).10
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doc id "shred"

1 P. aeruginosa 1-2Kbp

2 P. aeruginosa 2-3Kbp

…

75 S. cerevisiae 12.2-12.3Mb

76 S. cerevisiae 12.3-12.4Mb

Methods
ReferenceQuery

Bin sequence

(w/ HPC)A B D C … A C DA B E D … B C B

BWM BWT SA doc id
12 ABAEEEAEBAAE#AAAACBDEABAE... E 5034 5
13 ABAEEEAEBAAE#AAACCBDEABAE...

14 ABAEEEAEBEAAE$AAEACBDEABA...

15 ACBDEABAEEEAEBAAE#AAACCBD... E 44920 52
16 ACBDEABAEEEAEBEAAE$AAEACB... A 4599 23
17 ACCBDEABAEEEAEBAAE#AAAACB...

18 AE#AAAACBDEABAEEEAEBEAAE$...

19 AE#AAACCBDEABAEEEAEBAAE#A...

20 AE$AAEACBDEABAEEEAEBAAE#A...

21 AEACBDEABAEEEAEBAAE#AAACC... A 12992 22
22 AEBAAE#AAAACBDEABAEEEAEBE... E 35227 23
23 AEBAAE#AAACCBDEABAEEEAEBA...

24 AEBEAAE$AAEACBDEABAEEEAEB... E 5619 73
25 AEEEAEBAAE#AAAACBDEABAEEE... B 1021 2
26 AEEEAEBAAE#AAACCBDEABAEEE...

27 AEEEAEBEAAE$AAEACBDEABAEE... B 29945 39
28 BAAE#AAAACBDEABAEEEAEBEAA... E 37395 44
29 BAAE#AAACCBDEABAEEEAEBAAE... E 29251 61
30 BAEEEAEBAAE#AAAACBDEABAEE... A 3009 7
31 BAEEEAEBAAE#AAACCBDEABAEE...

32 BAEEEAEBEAAE$AAEACBDEABAE... A 1154 3

i r-index

10
shredded documents
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Microbial community read classification

Kovaka., et al (2021). Nature biotechnology, 14(1).

Firtina., et al (2023). arXiv:2309.05771

Zhang., et al (2021). Bioinformatics, 37.
 33

Precision Recall F1 
weighted

Unclassified 
rate

Index size 
(MB) Time (s)

Sigmoni 1.0 0.928 0.963 0.0 177.6 423.3
Sigmap 0.956 0.949 0.952 0.046 2591.3 891.4

UNCALLED 0.460 0.986 0.627 0.044 72.1 1303.6
RawHash2 0.876 0.958 0.915 0.095 567.4 653.9



Kovaka., et al (2021). Nature biotechnology, 14(1).

Firtina., et al (2023). arXiv:2309.05771

Zhang., et al (2021). Bioinformatics, 37.


Host depletion

34

Precision Recall F1 
weighted

Unclassified 
rate

Index size 
(GB) Time (s)

Sigmoni 0.882 0.979 0.929 0.0   14.7 537.4
Sigmap 0.831 0.954 0.888 0.382 175.9 77925.4

UNCALLED * * * * * *
RawHash2 0.839 0.998 0.912 0.240   41.1 35159.8



Adaptive sampling for microbial read detection
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Adaptive sampling for host depletion
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Sigmoni classifies significantly more 
reads against complex references



Mock 
community

Bacterial 
Pangenome GRCh38 Human Ref 

Assemblies
HPRC 

Pangenome

Reference 
size

41.9 Mbp 42.2 Gbp 3.09 Gbp 18.29 Gbp 253 Gbp

Sigmoni 178 MB 2.2 GB 7.6 GB 9.6 GB 25 GB

Sigmap 2,591 MB * 172 GB 786 GB *

UNCALLED 72 MB * * * *

RawHash2 567 MB 190 GB 40 GB 79 GB 3,563 GB

Minimap2 136 MB 80 GB 7.2 GB 41 GB *

r-index enables space-efficient index construction

• Can index over 7000 
bacterial genomes in 
2.2GB, without affecting 
query time


• Only signal-based 
method to index the 
HPRC assembly 
collection

* could not index
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Conclusions

• Signal-based classification is difficult due to noise  Sigmoni applies 
novel signal binning and exact matching to overcome this


• Exact matching can be integrated with approximate location information 
to map nanopore read signal


• Compressed indexing and rapid read classification enable accurate 
adaptive sampling against pangenomes, potentially improving reference 
bias in filtering tasks

→
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