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Fig. 5. Positive label precision and recall per FunSoc for the four ML models Bl. SVC+NN (OS) (in blue), TS NN (in green), TS
BI. SVC (in orange), and MV ensemble (in red). Precision is in solid lines and Recall is in dotted lines. TS Bl. SVC shows the best
overall recall, whereas TS NN consistently has the highest precision across most of the 32 FunSoCs. In hard-to-classify FunSoCs like
nonviral invasion and bacterial counter signaling TS NN performs poorly indicating a model with a high degree of variance.
Similarly, TS BIL. SVC suffers from poor precision in most cases. The Majority Vote Classifier improves on the Bl. SVC+NN (OS)
and finds an optimal balance between precision and recall across all FunSoCs.
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Fig. 6. Pathogen identification of hard-to-classify pathogens: FunSoCs Assigned to Genes by SeqScreen. Abbreviated gene names
are listed in pink cells if at least one read from the gene had a UniProt e-value < 0.0001, was assigned a FunSoC, and was from the
expected genus (i.e., Escherichia or Shigella, Clostridium, Streptococcus, Lactobacillus). FunSoCs with at least one gene that met the
criteria for detection in at least one isolate were included in the table. The removal of genes from genera that were not expected in these
bacterial isolates allowed for removal of genes that were likely derived from likely contaminating organisms (e.g., PhiX Illumina
sequencing control). An expanded table for cells denoted by (*) and complete gene names are listed within each cell in Supplementary
Table ST3. (aand b) E. coli O157:H7 is shown to have presence of the shiga foxin (stxB) as seen in the cytotoxicity FunSoC, as well as
an additional hit to the secreted effector protein (espF(U)), labelled with secreted effector and virulence regulator FunSoCs, compared to
E.coli K12 MG1655. (c and d) C. botulinum showed four distinct FunSoCs (disable organ, cytotoxicity, degrade ecm and virulence
regulator) and presence of the bot4 and orf-X2 genes compared to C. sporogenes. (e and f) S. pyogenes showed presence of the induce
inflammation FunSoC in contrast to the near neighbor pathogen S. dysgalactiae with the counter immunoglobulin FunSoC. (g and h). S.
salivarius and L. gasseri are well-known commensals that are generally considered harmless. Both show presence of antibiotic resistance
genes, while S. salivarius also contains some genes associated with secretion. The commensals have hits to the least number of FunSoCs.
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@V300046811L2C002R0690997317
TCTAGCCTTACCCCATTTATTAAATGGAAAACCAGCTGATTTGTCTAGGTTGTTGACGATGACTTGGTTAGCATTAATACAGCCACCAT
CGTAACAATCAAAGTACTTATCAACAACTTCAACTACAAATAGTAGTTGTCTGATATCACACATTGTTGGTAGATTATAACGATAGTAG
+

FGF@FGFFGEGGFFGFGFGGFGFFFFEFGFFFFFFFFGFF ?FFGGFGFFFFFFFF2GFFGGFGFFG=FFFFGFGFGF FEFFGGFGFGGE
GGFGGGEFGFFFGDEGBGEEDEFFEF >FFGEFFFEFFEGGEEFGFFFEEGEDGEBFGEGEF EEFEGGEFFEEEEEEEEFGFGEGEGEEF

Sequence Read 1 TCTAGCCTTACCCCATTTATTAAATGGAAAACCAGCTGATTTGTCTAGGTTGTTGACGAT 660

SARS-CoV-2 14954 ATTTATTAAATGGAAAACCAGCTGATTTGTCTAGGTTGTTGACGAT 14895

Sequence Read 61 GACTTGGTTAGCATTAATACAGCCACCATCGTAACAATCAAAGTACTTATCAACAACTTC 120

SARS-CoV-2 14894 GACTTGGTTAGCATTAATACAGCCACCATCGTAACAATCAAAGTACTTATCAACAACTTC 14835

Sequence Read 121 AACTACAAATAGTAGTTGTCTGATATCACACATTGTTGGTAGATTATAACGATAGTAG 178

SARS-CoV-2 14834 AACTACAAATAGTAGTTGTCTGATATCACACATTGTTGGTAGATTATAACGATAGTAG 14777

@V300046811L2C004RO360826943/1
TCTAGCAGCAATATCACCAAGGCAATCACCATATTGTTTGATGAAGCCAGCATCTGCAAGTGTCACTTTGTTGAAAAGTAGATCTTCAA
TAAATGACCTC

+

GGGGGGFGF FFGGFFGFGGF FGGFGGFGFGF FGGGF GGGFFGGFF FFFFGFFFFGGFGFGFGFEFAFGGGF FG=GF GFFGGDEFDGFEG
FEFFFFGGCFG

Sequence Read 1 TCTAGCAGCAATATCACCAAGGCAATCACCATATTGTTTGATGAAGCCAGCATCTGCAAG 60

SARS-CoV-2 24078 TCTAGCAGCAATATCACCAAGGCAATCACCATATTGTTTGATGAAGCCAGCATCTGCAAG 24019

Sequence Read 61 TGTCACTTTGTTGAAAAGTAGATCTTCAATAAATGACCTC 1ee

SARS-CoV-2 24018 TGTCACTTTGTTGAAAAGTAGATCTTCAATAAATGACCTC 23979

Fig. 7: Two trimmed fastq reads identified by SeqScreen v1.2 in sample CRR119891, and their alignment to the SARS-CoV-2
genome: BLAST results of the specific reads in the samples of COVID-19 infected patients from Xiong et al.[47] against SARS-CoV-
2 genome. These reads were identified by SeqScreen as belonging to SARS-CoV-2 (without it being present in the SeqScreen DB).
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Table 1. The Accuracy, Exact Match Ratio, Micro and Macro F1 Score, Macro Recall and Precision of the different ML
models. The models we considered were Balanced SVC (Feature Selection) + Neural Network Classification using Oversampling (BI.
SVC+NN (0OS)), Two Stage Detection + Classification Neural Networks (TS NN), Two Stage Detection + Classification Balanced
Support Vector Classifier (TS Bl. SVC), and the Majority Vote Ensemble Classifier (MV ensemble). TS NN had the highest positive
label (PL) precision and TS BL.SVC had the highest positive label (PL) Recall, while Bl. SVC+NN (OS) had the best balance between
precision and recall. Majority Vote Ensemble improved on the results of the three classifiers as conveyed by both the high precision
and recall the method achieves.

Exact Micro Macro Macro Macro Mean Mean
Model Accuracy | Match | F1 Score | F1 Score | Recall Precision | PL PL

Ratio Precision Recall
Bl. SVC+NN
(OS) 0.9997 0.9924 10.9859 0.8210 0.8039 0.8716 0.8759 0.8180
TS NN 0.9997 0.9924 10.9359 0.6934 0.6445 0.8011 0.8893 0.6988
TS BL.SVC 0.9996 0.9893 0.8692 0.7047 0.8310 0.6492 0.7382 0.8869
MYV ensemble | 0.9997 0.9934 10.9424 0.7998 0.8016 0.8453 0.9003 0.8273
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Table 2. Pathogen and near neighbor classification. SRA represents the SRA id of the sample, True Organism represents the actual
bacterial strain or species, and the remaining columns indicate the results for the indicated method using the parameters detailed in the
Methods section. Green cells indicate that the tool assigned a correct strain-level call, yellow indicates a correct species-level call, and
red indicates an incorrect species-level call. The following tools and databases were run: Mash dist (RefSeq 10k), Sourmash (RefSeq +
GenBank), PathoScope (PathoScope DB), Kraken 2 (Mini and full Kraken2 DB produced the same results), KrakenUniq (MiniKraken
8GB), MetaPhlAn3 (default) and Kaiju (index of NCBI nr + euk). The E. coli strains were challenging for most tools. The pathogenic
E. coli O157:H7 was correctly called by Mash dist, Sourmash, PathoScope, Kraken2 and KrakenUniq. MetaPhlAn and Kaiju could only
make a species level assignment. In contrast, the commensal E. coli K12 MG1655 was the most challenging as only Mash dist and
Sourmash got the strain level assignment correct. MetaPhlAn3 and Kaiju could make only species level assignments, and PathoScope,
Kraken2, and KrakenUniq called it as strains E. coli BW2952, E. coli O157:H7, and E. coli O145:H28, respectively.Even with a
complete database, C. sporogenes was wrongly classified as C. botulinum by PathoScope, Kraken2, and KrakenUniq. Mash dist,
Sourmash, and Kaiju predicted C. sporogenes correctly while MetaPhlAn3 was ambigous. C. botulinum was incorrectly classified as C.
sporogenes by Mash dist, Sourmash, S. dysgalactiae was predicted as S.pyogenes by PathoScope. All tools correctly called S. pyogenes.

SRA Tru? Mash dist Sourmash PathoScope Kraken2 KrakenUniq | MetaPhlAn3 Kaiju
Organism
. Equivalent hits . . . E. coli
E. coliKI2 E. coli E. coli E. coli .
DRR198806 for E. coli E. coliKI2 ) . and Shigella E. coli
MGI655 K12 and SQ37 BW2952 0157:H7 0145:H28 sp. FC2383
E. coli E. coli E. coli E. coli E. coli E. coli g
DRRI9SS0 1 5)57.117 0157:H7 0157:H7 | OI57:H7 | OI57:H7 | O157:H7 and Shigella | E. coli
sp. FC2383
C.
C. C. C. C. C. botulinum C.
SRR8758382 C. sporogenes sporogenes sporogenes botulinum botulinum botulinum and C. sporogenes
sporogenes
. C. C. C. C. C. C. C.
SRR898I313 C. botulinum sporogenes sporogenes botulinum botulinum botulinum botulinum botulinum
SRR12825903 | S. dysgalactiae . . S. en . . iﬁ({lugetlenSls .
- Asg: dysgalactiae dysgalactiae - pyogenes dysgalactiae | dysgalactiae : S dysgalactiae
infantarius
ERR1735064 | S. pyogenes S. pyogenes S.pyogenes S. pyogenes | S. pyogenes | S. pyogenes S. pyogenes S. pyogenes
Legend
Correct strain-level call
Correct species-level call
Incorrect species-level call
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Table 3. Simulating a novel pathogen. Mash dist and PathoScope were run on pathogen sequences and their near neighbors with the
corresponding truth species removed in their respective databases to simulate an example of classifying a novel pathogen not in the
database. SRA represents the SRA id of the sample, True Organism represents the actual bacterial strain or species, Mash dist
represents the Mash results on each of the samples (with the truth organism species or strain removed from its sketch database), and
Pathoscope represents the PathoScope results on each of the samples (with the truth organism species or strain removed from its
database). In three of the cases, C. sporogenes, C. botulinum and S. pyogenes, Mash dist classified the organism as it near neighbor - C.
botulinum, C. sporogenes and S. dysgalactiae, respectively. S. dysgalactiae was classified as S. sp. NCTC 11567 whereas the commensal
E. coli K12 and pathogenic E. coli 0157:H7 were classified as E. coli O16:H48 and E. coli 2009C-3554, respectively. PathoScope only
classified two pathogens, C. sporogenes and C. botuinum, as their nearest neighbor counterparts. S. dysgalactiae was classified as S.
intermedius, whereas S. pyogenes was classified as S. infantarius. E. coli K12 was only classified at the species level, while the
pathogenic strain E. coli O157:H7 was classified as E. coli xuzhou?21.

SRA True Organism Mash dist PathoScope e
DRR198806 E. coli K12 MG1655 E. coli O16:H48 E.coli ..
DRR 198804 E. coli 0157:H7 E. coli 2009C-3554 E. coli Xuzhou2l "~
SRR8758382 C. sporogenes C. botulinum C. botulinum 1034
SRR8981313 C. botulinum C. sporogenes C. sporogenes

SRR12825903 S. dysgalactiae S. sp. NCTC 11567 S. intermedius) 35
ERR1735064 S. pyogenes S. dysgalactiae S. infantarius
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