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Bl Basecalling (87.72%) Bl Basecalling (95.95%)
Alignment (2.75%) Alignment (3.01%)

W Variant Calling (9.53%) mw Variant Calling (1.04%)

Figure 5: Basecalling is the bottleneck in a Read Until assem-
bly of a SARS-CoV2 genome from specimens with a) 1%, and

b) 0.1% viral reads.

Dunn, T., et al. (2021). Squigglefilter: An accelerator for portable virus
detection. In MICRO-54: 54th Annual IEEE/ACM International Symposium on
Microarchitecture (pp. 535-549).
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r-index for exact matching

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

e 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

Home > Genome Biology > Article

SPUMONI 2: improved classification using a

pangenome index of minimizer digests

Software | Openaccess | Published: 18 May 2023

Volume 24, article number122,(2023) Cite this article

OmarY.Ahmed [, Massimiliano Rossi, Travis Gagie, Christina Boucher & Ben Langmead 13




O(r) data structures scale
well

Article | Open access | Published: 10 May 2023

A draft human pangenome reference

Wen-Wei Liao, Mobin Asri, Jana Ebler, Daniel Doerr, Marina Haukness, Glenn Hickey, Shuangjia Lu,

Julian K. Lucas, Jean Monlong, Haley J. Abel, Silvia Buonaiuto, Xian H. Chang, Haoyu Cheng, Justin

Chu, Vincenza Colonna, Jordan M. Eizenga, Xiaowen Fen ristian Fischer, Robert S. Fulton, Shilpa
Garg, Cristian Groza, Andrea Guarracino, William T. Harve on Heumos, ... Benedict Paten &

-+ Show authors

Nature 617, 312-324 (2023) | Cite this article
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Genome evolution and diversity of wild and cultivated
potatoes
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Shuangshuang Feng, Xijian Zhu, Dawei Li, Guangtao Zhu, Hongru Wang, Yao Zhou, Yongfeng Zhou,
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Nature 606, 535-541 (2022) | Cite this article
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De novo assembly, annotation, and comparative analy-
sis of 26 diverse maize genomes
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r-index for exact matching

« SPUMONI framework enables linear time exact match computation
against a reference index, in O(r) space
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r-index for exact matching

« SPUMONI framework enables linear time exact match computation
against a reference index, in O(r) space

Ref : GATTACATACATAAT

Matching statistic: half maximal Query: ATGAATTACTAA

exact matches (half MEM)
matching statistics:

2,1,2,3,5,4,3,2,1,3,2, 1
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r-index for exact matching

« SPUMONI framework enables linear time exact match computation
against a reference index, in O(r) space

We actually use pseudomatching
Matching statistic: half maximal lengths (similar to matching

exact matches (half MEM) statistics, but faster to compute in
a streaming manner)

22



Sigmoni

o Signal-based read classification using the r-index

e |dea: 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
sighal binning procedure
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Ahmed, Omar, et al. "SPUMONI 2: Improved pangenome classification using a
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Microbial community read classification

Sigmoni Sigmap UNCAILIED Rawkash? > 0.01
(Accuracy: 0.964) (Accuracy: 0.969) (Accuracy: 0.957) (Accuracy: €.923)
NC Ho0.00 0.00 0.00 0.00
StaAur A 0.18 0.13 .18 0.17 0.008
B SalEnt - 0.10 0.10 0.10 0.09
& EscCol - 0.11 0.11 0.11 0.11
z PseAer - 0.10 0.10 0.10 0.10 - 0.005
é‘ LisMon - 0.20 . 0.19 0.19 0.18
EntFae - 0.11 0.12 0.11 0.11
BacSub - 0.15 015 0.15 014 - 0.002
SacCer - 0.02 0.02 0.02 0.02
V52355885 958355888 0 Y5£°55895 L5855 385 00
S o a R wuwe g ST o 3 we g S o a Fuvwe L g S0 6 3wz ©g
mmu_lajmgm mmwa'jmgm ﬁmma'jmgm mmwa'_-,mg.ﬁ
Predicted lzbel
- F1 Unclassified Index size .
Precision  Recall . Time (s)
weighted rate (MB)
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 A 0.460 0.986 0.627 0.044 72.1 1303.6
RawHash?2 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

Sigmoni Sigmep RawHzsh2
(accuracy: 0.689) (accuracy: 0.374) (accuracy: 0.628)
N
I
| [ 0.08

: []
_d 0.06
Q
0 1
m 3

12
2 1 - 0.04
= 1

14

16

1 [ ’

Y J.02

1

2

2

22 0.00

rrrrrrrrrrorunrnroul | B B | T rrrrrrerurrronrurd T rrrr e g rwrrrrrrrrerorrroerorr ot rnrrria
O~ O™ < uzw fL:)(r:l ~ g NMAQUE~NCOOENMTUWMSEWOO ™A % MRS | CHRONOUENIMNTUIWMSWODO ™Y X
<ttt e~ SN ™YY B ZCFRF Mt MM NN R Z R MM e M M M e M INNY

Predicted label

F1 Unclassified |Index size
weighted rate (GB)

Sigmoni 0.882 0.979 0.929 0.0 14.7 537.4
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UNCALLED * * * * * *
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Kovaka., et al (2021). Nature biotechnology, 14(1).
Firtina., et al (2023). arXiv:2309.05771
Zhang., et al (2021). Bioinformatics, 37.
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Adaptive sampling for microbial read detection
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Adaptive sampling for host depletion
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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

Reference
size

Sigmoni
Sigmap
UNCALLED
RawHash2

Minimap2

Mock Bacterial GRCh38 Human Ref HPRC

community Pangenome Assemblies |Pangenome

41.9 Mbp 42.2 Gbp |3.09 Gbp 18.29 Gbp

178 MB 2.2 GB 9.6 GB
2,591 MB * 172 GB 786 GB *
72 MB * * * *
567 MB 190 GB 40 GB 7/9GB 3,563 GB
136 MB 80GB 7.2GB 41 GB *

* could not index



Conclusions

o 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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