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Figure 8. Genus-leve reative abundance estimates for (A) HiFi ATCC MSA-1003, (B) HiFi
Zymo D6331, (C) ONT R10 Zymo D6300, and (D) ONT Q20 Zymo D6300. The theoretical
distributions are shown on the left and are based on the manufacturer’ s specifications. The read
counts for all genus-level false positives were grouped in a category labeled ‘ Other’. Asterisks
signify methods that failed the chi-squared goodness of fit test (e.g., the abundance estimates

were significantly different from the theoretical values).
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Figure 9. Results for the two Illumina short-read datasets. Precision, recall and F-scores for the
species-level analysis based on a minimum threshold of 0.001% of the total reads for (A)
[llumina ATCC MSA-1003 and (B) Illumina Zymo D6300. Species-level relative abundance
estimates for (C) lllumina ATCC MSA-1003 and (D) Illumina Zymo D6300. The theoretical
digtributions are shown on the left and are based on the manufacturer’ s specifications. The read
counts for all species-level false positives were grouped in a category labeled ‘ Other’. Asterisks

signify methods that failed the chi-squared goodness of fit test.
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Figure 10. Resultsfor the two Illumina short-read datasets. The average values for (A) precision and recall, (B) F1 scores, and (C)

FO.5 scores for the species-level analysis based on a minimum threshold of 0.001% of the total reads.
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Table 1. Description of the publicly available mock community datasets used for this experiment. gé
(2N ¢}
23
L abel Technology = Mock Species  Abundances ReadsUsed Median Mean Total Median Release  Source §§'
Community Length Length Bases Qv Date €S
HiFi ATCC MSA-1003 PacBio HiFi ATCC 20° Staggered 2,419,037 8,310 8,492 20.54 Gb 36 6/4/19 NCBI: c_;n; Z
MSA-1003 (14-0.02%) SRX6095783 =@
HiFi Zymo D6331 PacBio HiFi  ZymoBIOMICS 17° Staggered 1,978,852 8,077 9,092 17.99Gb 40 11/25/20 NCBI: 3
D6331 (18-0.0001%) SRX9569057 %o
ONT R10 Zymo D6300 Oxford ZymoBIOMICS 10¢ Even 275,318 6,664 12,022 3.31Gb 10 2/7120  https://lomanlab.& <
Nanopore D6300 (12%, 2%) ithub.io/mockcong ©
Technologies munity/r10.html &
ONT Q20 Zymo D6300  Oxford ZymoBIOMICS 10¢ Even 2,000,000 4,160 4,805 9.61 Gb N/A 3/23/21 ENA:
Nanopore D6300 (12%, 2%) ERR5396170
Technologies
[Hlumina ATCC M SA- [1lumina ATCC 20° Staggered 10,038,314 125 125 1.25Gb 37 12/2018 NCBI:
1003 MSA-1003 (14-0.02%) SRX5169925
[1lumina Zymo D6300 [1lumina ZymoBIOMICS 10¢ Even 20,000,000¢ 150 150 2.99Gb 37 7/2020 NCBI:
D6300 (12%, 2%) SRX 8824472

a: 20 bacteria; b: 14 bacteria, 1 archaea, 2 yeasts; c: 8 bacteria (at 12% abundance), 2 yeasts (at 2% abundance); d: length-filtered to

eliminate reads < 2 kb and > 50 kb from starting set of 1.16 million reads (ONT R10) and 5.4 million reads (ONT QZ20); e
subsampled from ~103 million available reads.
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Table 2. Overview of taxonomic profiling methods used in this experiment.

Intended Use Method Variations Reference Database Strategy

Short reads Kraken2 - “PlusPF” K-mer-based
Bracken - “PlusPF’ Bayesian Refinement
Centrifuge h22, h500 Refseq ABVF BW transform, FM-index
MetaPhlAn3 - mpa v30 CHOCOPhIANn_201901 Read mapping, coverage scores
mOTUs2 - Vv3.0.3 Read mapping

General sourmash k31, k51 GenBank K-mer min-set-cov; LCA agorithm

Long reads MetaM aps - MiniSeqg+H Approximate mapping
MMseqs2 - NCBI nr Trandation alignment, LCA algorithm
MEGAN-LR-prot - NCBI nr Trandation alignment, LCA algorithm
MEGAN-LR-nuc  HiFi, ONT NCBI nt Nucleotide alignment, LCA algorithm
BugSeg-V2 - NCBI nt Nucleotide alignment, LCA algorithm
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Table 3. Minimum detection thresholds used to score the presence/absence of mock community

taxa at the species or genus level.

Dataset Number of 0.001% 0.1% 1%

Reads Threshold Threshold Threshold
HiF ATCC MSA-1003 2,419,037 24 2,419 24,190
HiF Zymo D6331 1,978,852 19 1,978 19,788
ONT R10 Zymo D6300 275,318 2 275 2,753
ONT Q20 Zymo D6300 2,000,000 20 2,000 20,000
[lluminaATCC MSA1003 10,038,314 100 10,038 100,383
[llumina Zymo D6300 20,000,000 200 20,000 200,000
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Table 4. Species-level detection results based on the minimum 0.001% of total reads threshold.

patass 'I\I'AyeSZOd Profiing Method ;L;%m E(anls%va llilaelgsaetives Precson  Recall  F1 Fos L1
HiFi ATCC MSA1003 Shortread  Kraken2 20 96 0 0.17 100 029 021 507
(20 species, staggered) Bracken 20 112 0 0.15 100 026 018 533
Centrifuge-h22 20 16 0 0.56 100 071 061 551
Centrifuge-h500 19 9 1 0.68 095 079 072 545
MetaPhlAn3 13 38 7 0.26 065 037 029 452
mOTUs 12 1 8 0.92 060 073 083 502
General Sourmash-k31 20 0 0.80 100 089 0.83 686
Sourmash-k51 20 0 0.87 100 093 0.89 670
Longread  MetaMaps 19 10 1 0.66 095 078 070 531
MMseqs2 19 4 1 0.83 095 088 085 488
MEGAN-LR-Prot 15 0 5 1.00 075 085 094 370
MEGAN-LR-Nuc-HiFi 14 0 6 1.00 070 082 092 621
MEGAN-LR-Nuc-ONT 14 0 6 1.00 070 082 092 627
BugSeg-V2 16 0 4 1.00 080 089 095 444
[HluminaATCC MSA1003  Shortread  Kraken2 20 77 0 0.21 100 034 024 448
(20 species, staggered) Bracken 20 113 0 0.15 100 026 018 364
Centrifuge-h22 20 57 0 0.26 100 041 031 542
MetaPhlAn3 12 8 0.92 060 073 083 127
mOTUs 4 16 0.80 020 032 050 516
General Sourmash-k31 20 0 0.74 100 085 0.78 572
Sourmash-k51 20 0 0.80 100 089 083 554
HiFi Zymo D6331 Shortread  Kraken2* 14 196 1 0.07 093 013 008 519
(17 species, staggered) Bracken* 14 204 1 0.06 093 012 008 510
Centrifuge-h22* 12 307 3 0.04 0.80 007 005 529
Centrifuge-h500* 11 21 4 0.34 073 047 038 887
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ONT R10 Zymo D6300
(10 species, even)

ONT Q20 Zymo D6300
(10 species, even)

General

Long read

Short read

General

Long read

Short read

MetaPhlAn3*

mOTUs

Sourmash-k31
Sourmash-k51
MetaMaps*

MM seqgs2*
MEGAN-LR-Prot*
MEGAN-LR-Nuc-HiFi*
MEGAN-LR-Nuc-ONT*
BugSeg-Vv2*

Kraken2

Bracken

Centrifuge-h22
Centrifuge-h500
MetaPhlAn3

mOTUs

Sourmash-k31
Sourmash-k51
MetaMaps

MMsegs2
MEGAN-LR-Prot
MEGAN-LR-Nuc-HiFi
MEGAN-LR-Nuc-ONT
BugSeg-V2

Kraken2

Bracken

Centrifuge-h22
Centrifuge-h500
MetaPhlAn3

12

14
14
11
13
12
11
11
12
10
10

10
10

10
10
10
10
10
10
10

22

50
24

156

65

19

11

41
38

166
184
45
12

N DN O O O O O O O FP OONDDMNMNDMNDOOWPMM™MDMdMWDNMNPEP PO W

0.35
1.00
0.93
0.88
0.18
0.35
0.92
0.85
0.92
1.00
0.06
0.19
0.11
1.00
0.30

0.47
0.76
0.18
0.21
1.00
1.00
1.00
0.91
0.06
0.05
0.15
0.40
0.19

0.80
0.60
0.93
0.93
0.73
0.87
0.80
0.73
0.73
0.80
1.00
1.00
0.80
0.80
0.80
0.80
1.00
1.00
0.90
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.80
0.80
0.80

0.49
0.75
0.93
0.90
0.29
0.50
0.86
0.79
0.81
0.89
0.11
031
0.19
0.89
0.43
0.89
0.64
0.87
0.30
0.34
1.00
1.00
1.00
0.95
011
0.10
0.25
0.53
0.31

0.40
0.88
0.93
0.89
0.21
0.40
0.90
0.82
0.87
0.95
0.07
0.22
0.13
0.95
0.34
0.95
0.53
0.81
0.21
0.25
1.00
1.00
1.00
0.93
0.07
0.06
0.18
0.44
0.22

53.8
63.6
52.0
55.2
74.9
90.0
68.3
83.8
81.8
74.5
223
215
34.9
79.7
67.1
20.3
47.7
28.3
22.8
68.2
61.6
80.6
81.0
194
16.7
17.0
30.7
43.0
61.5
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[lumina Zymo D6300
(10 species, even)

General

Long read

Short read

mOTUs
Sourmash-k31
Sourmash-k51
MetaMaps

MMseqs2
MEGAN-LR-Prot
MEGAN-LR-Nuc-HiFi
MEGAN-LR-Nuc-ONT
BugSeg-V2

Kraken2

Bracken
Centrifuge-h22
MetaPhlAn3

mOTUs
Sourmash-k31
Sourmash-k51

10
10

10
10
10
10
10
10
10

7
10
9

45
13

1
62
96
27

1

0

2

2

P O W W N O O O O O OO PFr OoDnMN

1.00
0.71
0.71
0.17
0.44
1.00
1.00
1.00
0.91
0.14
0.09
0.23
0.88
1.00
0.83
0.82

0.80
1.00
1.00
0.90
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.80
0.70
0.70
1.00
0.90

0.89
0.83
0.83
0.28
0.61
1.00
1.00
1.00
0.95
0.24
0.17
0.36
0.78
0.82
0.91
0.86

0.95
0.76
0.76
0.20
0.49
1.00
1.00
1.00
0.93
0.17
0.11
0.27
0.83
0.92
0.86
0.83

65.1
55.3
415
14.2
63.9
32.7
80.0
80.5
12.6
59.7
80.0
81.7
82.7
55.2
99.3
82.3

*Two species were unavailable in several reference databases for HiFi Zymo D6331, and the set of taxawas adjusted to 15 species to calculate the species

metrics (see methods).
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