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Supporting Information Text
Evaluation

The TAXXI benchmark (1) was employed to facilitate the comparison between HiTaC and seventeen other similar software
previously available in the benchmark (Table S1), some of which are similarity based approaches, while others are alignment
free. We relied on this benchmark because it mimics more accurately real world scenarios including novel sequences, as well as
its diversity in software, reference databases and use of real environmental data. Furthermore, the TAXXI benchmark assesses
the accuracy using cross-validation by identity, a strategy which models the variation in distances between query sequences
and the closest entry in reference databases. In this approach, a 90% identity enforces sequences to only belong to species
that are absent from the training set, while a 95% identity allows for a mix of present and absent species. In other words, the
cross-validation by identity enables the creation of datasets whose lowest taxonomic ranks were nonexistent in the training
data while still knowing the ground truth, which allows for a better evaluation on how a classifier behaves when trying to
predict novel sequences.

Datasets. We adopted five datasets containing both training and test data, which were previously available in the TAXXI
benchmark (1). These datasets were selected because they were the only ones with taxonomic annotations of fungal ITS
sequences up to species level. Although there were other five datasets available in this benchmark possessing fungal ITS
sequences, we noticed that they were copies of the same datasets we selected, except that they were missing the species level
annotation in the training datasets and ground truth. Thus, there was no added value in using these other datasets in our
evaluation.

The fungal ITS datasets selected from the TAXXI benchmark were based on real environmental data, publicly available
on NCBI (2), RDP (3), the Warcup fungal ITS training set v2 (WITS) (4), UNITE (5) and other in vivo samples. They
were created through cross-validation by identity, hence the identity between the query sequences and the closest entry in a
reference database varied on them, ranging from 90% to 100% (1) (Tables S2-S3). In practice, an identity of 90% means that
the training data does not contain any of the labels that are in the test dataset at the species level, but most labels are known
at the genus level. The known taxa at the species level increase with identity, i.e., all species are present in the training data
when the identity is 100%.

It is also important to mention that the training datasets are extremely imbalanced. For example, among the seven existing
phyla on dataset SP RDP ITS 90, Ascomycota and Basidiomycota contain approximately 52% and 44% of total instances,
respectively (Fig. S1). A similar pattern can be observed in the other datasets with higher identities.

Evaluation Metrics.

Default metrics from the TAXXI benchmark. These metrics, as well as scripts used to compute them, originated from the TAXXI
benchmark (1):

e Accuracy (ACC) - Accounts for all test sequences predicted by the algorithm with names that are known and/or
over-predicted, ranging from 0% (no correct predictions) to 100% (no errors);

« Misclassification Rate (MCR) - The percentage of known sequences incorrectly predicted;

o Over-classification Rate (OCR) - The percentage of unknown sequences assigned a label;

e True Positive Rate (TPR) - The percentage of known sequences correctly predicted;

¢ Under-classification Rate (UCR) - The percentage of known sequences that were not assigned a label.
Defining these metrics in mathematical terms, we have:

True Positive

ACC =100
% Known Sequences + Over-classification Errors
MCR = 100 x Misclassification Errors

Known Sequences

OCR = 100 x Over-classification Errors
Novel Sequences

TPR = 100 x True Positive

Known Sequences

UCR = 100 x Under-classification Errors

Known Sequences
where known sequences have labels in the training dataset and novel sequences do not have labels in the training dataset. A
true positive is the number of correctly predicted sequences. Under-classification errors occur when too few ranks are predicted,
while over-classification errors happen when too many ranks are predicted. Finally, misclassification errors occur when a
known name is incorrectly predicted.
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Standard machine learning metrics. These metrics and their respective implementations originated from the package scikit-learn

(6):
e Accuracy - The fraction of correctly classified samples;

¢« Balanced accuracy - Accuracy counterpart planned to deal with imbalanced datasets, which is defined as the average
of recall obtained on each class;

e Precision - Intuitively, precision is the ability of the classifier not to label a negative sample as positive, and it ranges
from O (worst score) to 100 (best value);

¢ Recall - Intuitively, recall is the ability of the classifier to detect all positive samples;

e Fl-score - The Fl-score is the harmonic mean of the precision and recall, ranging from 0 (worst score) to 100 (best
value);

e Jaccard - Quantifies the similarity between the set of predicted labels and the ground truth;

¢ Micro, macro and weighted variants - The Precision, Recall, F1-score and Jaccard were computed in three different
ways, which are described below:

- Micro: Computes metrics globally considering the overall true positives, false negatives and false positives;

- Macro: Computes metrics locally for each label and determines their unweighted average without considering label
imbalance;

- Weighted: Computes metrics locally for each label and determines their average weight by support, that is, the
total of correct instances for each label. In practice, this modifies “macro” to consider label imbalance, which can result
in an Fl-score that is not between precision and recall.

Defining these metrics in mathematical terms, we have:

Nsamples — 1

1
Accuracy(y,9) = 100 x e E 1(9: = i)
samples =0

where §; is the predicted value of the i-th sample and y; is the corresponding ground truth, while 1 is the indicator function.

1
Balanced accuracy(y, 4, w) = 100 X —=— Z 1(g; = yi) Wi

S
where ; = ——————— and w; is the weight of the ¢-th sample.

Precision(y, §) = 100 x True Positives

True Positives + False Positives

True Positives

Recall(y, y) = 100
ecall(y, 9) % True Positives + False Negatives

2 x Precision x Recall

F1- ) = 100
score(y, 7)) X Precision + Recall

yny

Jaccard(y, §) = 100 x
accard(y, J) yUg

Micro(y, §) = 100 x M(y,9)
where M is the metric to compute for, i.e., precision, recall, F1-score or jaccard.

) 1 )
Macro(y, §) = 100 x 7] Z M (y1, 1)
leL

where L is the set of labels.

. . 1 N
Weighted(y,§) = 100 X —=——— Z |ye| M (i, G1)
Qe vl
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Hierarchical machine learning metrics. These metrics are adaptations of the previously introduced metrics of precision, recall and
Fl-score, but tailored to the hierarchical classification scenario. Their respective implementations originated from the package
HiClass (7):

a7 N i
Hierarchical precision (hP) = 100 X M
Zi ‘a7~|
a7 N i
Hierarchical recall (hR) = 100 x M
> 18il
Hierarchical F1-score = 100 x %

where «; is the set containing the predicted labels for test example ¢ and their respective ancestors, while 3; is the set
containing the ground truth of test example i and their respective ancestors, with summations computed over all test examples.

Resources benchmark. We enhanced the TAXXI benchmark by porting it to Snakemake (8) in order to make it more
reproducible, and we introduced a resources benchmark. The benchmark scripts and instructions on how to run it are available
in our GitLab repository!. The benchmark was computed on a laptop running GNU/Linux with 16 GB physical memory and
12 cores provided by an AMD Ryzen™ 5 processor, where 12 cores were allocated for each method. The results from the
benchmark are available in Tables S23-S27, while the commands and parameters executed for all software are available in
Tables S4-S22.

B https://gitlab.com/dacs-hpi/hitac/-/tree/main/benchmark
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Fig. S1. Depiction of imbalanced training set. For instance, the phyla Ascomycota and Basidiomycota together contain approximately 96% of total instances between the seven
existing phyla in dataset SP RDP ITS 90. In the remaining taxonomic ranks and datasets we can also observe similar patterns.
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Highest accuracies
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Fig. S2. Accuracies for the top 5 methods for datasets SP RDP ITS 90 at the genus level, SP RDP ITS 95 at the genus level, SP RDP ITS 97 at the genus level, SP RDP ITS
99 at the species level and SP RDP ITS 100 at the species level. The trend is that HiTaC achieved an accuracy higher or equal to top methods. For instance, HiTaC tied with
the top method for the dataset with 100% identity, obtaining a perfect score. Moreover, for the datasets with 90-99% identity, HiTaC improved the accuracy upon top methods.

8 of 103 Fabio Miranda, Vasco Azevedo, Rommel Ramos, Bernhard Renard and Vitor Piro



Under—classification vs. over—classification rates
SP RDP ITS 90 at genus level

e
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Under—classification rate

Fig. S3. Under-classification versus over-classification rates for dataset SP RDP ITS 90 at genus level. The introduction of the filter in HiTaC proved to be effective by sharply
decreasing the over-classification rate from 100% to 44.1%. Contrarily, the filter slightly increased the under-classification rate from 0% to 20.4%, but it still ranked among the
methods with the best trade-off between over-classification and under-classification rates, which are the methods closer to the diagonal on the bottom left. An ideal method
should be able to classify all known sequences and leave novel sequences unclassified, thus avoiding both over-classification and under-classification errors.
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Fig. S4. Misclassification rate results for the SP RDP ITS datasets at genus and species level. The misclassification rates for HiTaC, HiTaC_Filter, BTOP, BLCA, SPINGO,
SINTAX80, Metaxa2 and KNN were 0% for the dataset SP RDP ITS 100. HiTaC’s misclassification rate can be deemed adequate for the datasets with 90-99% identity, while
misclassification rate reduced even further when the filter was applied to HiTaC. NBC50 and NBC80 crashed with memory limit exceeded for dataset SP RDP ITS 100, so their

results are missing.
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Table S1. List of software available in the TAXXI benchmark (1), which were used for comparison with HiTaC.

Method

Software

Algorithm reference

BLCA
BTOP

CT1

CT2
HiTaC
KNN
KTOP
Metaxa2
Microclass
NBC

Qi
Q2_BLAST
Q2_SK
Q2_VS
RDP
SINTAX
SPINGO
TOP

BLCA v2.3-alpha
blastn v2.10.1+
usearch v11.0.667
usearch v11.0.667
HiTaC v2.2.2
mothur v1.48.0
usearch v11.0.667
Metaxa 2.2.3
microclass v1.2
usearch v11.0.667
QIIME v1.9

QIIME v2.2022.2
QIIME v2.2022.2
QIIME v2.2022.2
Classifier v2.13
usearch v11.0.667
SPINGO v1.3
usearch v11.0.667

)

(10)

Re-implements Q1 (1)
Re-implements Q2_VS (1)
This paper)

1)

)
2)
3)
Re-implements RDP (1)
(14)

(
(1
(1
(1
(1

Fabio Miranda, Vasco Azevedo, Rommel Ramos, Bernhard Renard and Vitor Piro
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Table S2. List of training datasets available in the TAXXI benchmark (1), which were selected for possessing taxonomic annotations of fungal
ITS sequences up to species level and were used to compare HiTaC with similar software.

Lowest . # Training Shortest Longest .
Name Rank Identity (%) sequences sequence (bp) sequence (bp) Median (bp)  Average (bp)
SP RDP ITS 90 Species 90 9336 235 1373 539 552.02
SP RDP ITS 95 Species 95 11439 280 1373 540 551.43
SP RDP ITS 97 Species 97 12545 251 1373 537 549.23
SP RDP ITS 99 Species 99 10901 235 1373 531 546.37
SP RDP ITS 100  Species 100 16055 235 1373 530 545.09
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Table S3. List of test datasets available in the TAXXI benchmark (1), which were selected for possessing taxonomic annotations of fungal ITS
sequences up to species level and were used to compare HiTaC with similar software.

Lowest . # Test Shortest Longest .
Name Rank Identity (%) sequences sequence (bp) sequence (bp) Median (bp)  Average (bp)
SP RDP ITS 90 Species 90 1935 268 1216 521 535.75
SP RDP ITS 95 Species 95 1265 251 1155 520 538.00
SP RDP ITS 97 Species 97 1420 284 1211 518 533.24
SP RDP ITS 99 Species 99 3945 261 1336 528 542.52
SP RDP ITS 100  Species 100 16055 235 1373 530 545.09
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Table S4. Commands and parameters to run BLCA.

python scripts/fasta_utax2_to_blca.py \
{input.train} \
{output.reference_reads} \
{output.reference_taxonomy}

python scripts/fasta_utax2_to_blca.py \
{input.test} \
{output.query_reads} \
{output.query_taxonomy}

makeblastdb \
-in {input.reference_reads} \
-dbtype nucl \
-parse_seqids \
-out {params.database}

2.blca_main.py \
-i {input.query_reads} \
-r {input.reference_taxonomy} \
-q {params.database} \
--proc {threads}

python scripts/blca2tab.py \
{input.predictions} \
{input.test} \
> {output.predictions}
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Table S5. Commands and parameters to run BTOP.

sed \
"-es/; . *¥//" \
< {input.train} \
> {output.reference}

makeblastdb \
-in {input.reference} \
-dbtype nucl \
-parse_seqids \
-out {params.database}

blastn \
-task megablast \
-db {params.database} \
-query {input.testl} \
-num_threads {threads} \
-max_target_seqs 1 \
-outfmt "6 gseqid sseqid" \
-evalue 0.01 \
> {output.predictions}

python scripts/btop2tab.py \
{input.predictions} \
{input.train} \
{output.predictions}
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Table S6. Commands and parameters to run CT1.

usearch \
-db {input.train} \
-cons_tax {input.test} \
-strand plus \
-tabbedout \
{output.predictions} \
-strand plus \
-id 0.7 \
-maxaccepts 3 \
-maxrejects 8 \
-maj 0.51
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Table S7. Commands and parameters to run CT2.

usearch \
-db {input.train} \
-cons_tax {input.test} \
-strand plus \
-tabbedout \
{output.predictions} \
-strand plus \
-id 0.7 \
-maxaccepts 10 \
-maxrejects 32 \
-maj 0.51
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Table S8. Commands and parameters to run HiTaC.

qiime hitac fit \
--i-reference-reads {input.reference_reads} \
—--i-reference-taxonomy {input.reference_taxonomy} \
—-p-kmer 6 \
--p-threads {threads} \
--o-classifier {output.classifier}

qiime hitac classify \
--i-reads {input.query_reads} \
--i-classifier {output.classifier} \
--p-kmer 6 \
--p-threads {threads} \
--o-classification {output.predictions}
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Table S9. Commands and parameters to run HiTaC_Filter.

giime hitac fit-filter \
—--i-reference-reads {input.reference_reads} \
--i-reference-taxonomy {input.reference_taxonomy} \
--p-kmer 6 \
—--p-threads {threads} \
--o-filter {output.filter}

giime hitac filter \
--i-filter {output.filter} \
--i-reads {input.query_reads} \
--i-classification {input.unfiltered_predictions} \
--p-threshold 0.7 \
--p-kmer 6 \
—--p-threads {threads} \
--o-filtered-classification {output.filtered_predictions}
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Table S10. Commands and parameters to run KNN.

cp {input.test} {output.query_reads}

python2 scripts/mothur_make_taxtrainfiles.py \
{input.train} \
{output.reference_reads} \
{output.reference_taxonomy}

mothur \
"#classify.seqs(fasta={input.query_reads}, \
template={input.reference_reads}, \
taxonomy={input.reference_taxonomyl}, \
method=knn, processors={threadsl})"

python scripts/motknn2utax2.py \
{input.predictions} \
> {output.predictions}
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Table S11. Commands and parameters to run KTOP.

usearch \
-db {input.train} \
-sintax {input.test} \
-strand plus \
-tabbedout \
{output.predictions} \
-strand plus \
-ktop
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Table S12. Commands and parameters to run Metaxa2.

python scripts/fasta_utax2_to_metaxa2.py \
{input.train} \
{output.reference_reads} \
{output.reference_taxonomy}

metaxa2_dbb \
-b {input.reference_reads} \
-o {params.database} \
-t {input.reference_taxonomy} \
--auto_rep T \
--cpu {threads} \
--mode divergent

metaxa2 \
-i {input.test} \
-d {params.blast} \
-p {params.hhms} \
-o {params.predictions} \
-cpu {threads}

python scripts/metaxa2tab.py \
{input.predictions} \
{input.test} \
> {output.predictions}
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Table S13. Commands and parameters to run Microclass.

Rscript scripts/microclass.R \
{input.train} \
{input.test} \
{output.predictions}

python scripts/microclass2tab.py \
{input.predictions} \
{output.predictions}
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Table S14. Commands and parameters to run NBC.

usearch \
-nbc_tax \
{input.test} \
-db {input.train} \
-strand plus \
-tabbedout {output.predictions}

python scripts/bbc_cutoff.py \
{input.predictions} \
0.5 \
> {output.predictions}

python scripts/bbc_cutoff.py \
{input.predictions} \
0.8\
> {output.predictions}

24 of 103 Fabio Miranda, Vasco Azevedo, Rommel Ramos, Bernhard Renard and Vitor Piro



Table S15. Commands and parameters to run Q1.

python scripts/fasta_utax2qiime.py \
{input.train} \
{output.reference_reads} \
{output.reference_taxonomy}

assign_taxonomy.py \
-i {input.test} \
-m uclust \
-r {input.reference_reads} \
-t {input.reference_taxonomy} \
-o {params.tmpdir}

python scripts/qiimetax2tab.py \
{input.predictions} \
> {output.predictions}
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Table S16. Commands and parameters to run Q2_BLAST.

giime feature-classifier classify-consensus-blast \
--i-query {input.query_reads} \
—-i-reference-reads {input.reference_reads} \
--i-reference-taxonomy {input.reference_taxonomy} \
--o-classification {output.predictions} \
--o-search-results {output.search_results}
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Table S17. Commands and parameters to run Q2_SK.

qgiime feature-classifier fit-classifier-naive-bayes \
--i-reference-reads {input.reference_reads} \
--i-reference-taxonomy {input.reference_taxonomy} \
--o-classifier {output.classifier}

giime feature-classifier classify-sklearn \
--i-classifier {output.classifier} \
--i-reads {input.query_reads} \
--p-n-jobs {threads} \
--o-classification {output.predictions}
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Table S18. Commands and parameters to run Q2_VS.

giime feature-classifier classify-consensus-vsearch \
--i-query {input.query_reads} \
--p-threads {threads} \
--i-reference-reads {input.reference_reads} \
—--i-reference-taxonomy {input.reference_taxonomy} \
--o-classification {output.predictions} \
--o-search-results {output.search_results}
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Table S19. Commands and parameters to run RDP.

python scripts/fasta_utax2rdp.py \
{input.train} \
{output.reference_taxonomy} \
> {output.reference_reads}

workdir="echo /usr/bin/rdp_classifier_2.13/dist/classifier.jar | sed "-es/e:/\/e/""
rd="dirname $workdir | sed "-es/\/dist//""

props=$(find $rd | grep rRNAClassifier.properties | head -1)

cp $props {output.properties}

java \
-Xmx8g \
-cp /usr/bin/rdp_classifier_2.13/dist/classifier.jar \
edu/msu/cme/rdp/classifier/train/ClassifierTraineeMaker \
train \
-t {input.reference_taxonomy} \
-s {input.reference_reads} \
-o {params.tmpdir}
java \
-Xmxig \
-jar /usr/bin/rdp_classifier_2.13/dist/classifier.jar \
-t {output.properties} \
-q {input.test} \
-o {output.predictions}

python scripts/rdpc2tab3.py \
{input.predictions} \
50 \
> {output.predictions}

python scripts/rdpc2tab3.py \
{input.predictions} \
80 \
> {output.predictions}
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Table S20. Commands and parameters to run SINTAX.

usearch \
-sintax \
{input.test} \
-db {input.train} \
-strand plus \
-tabbedout {output.predictions}

python scripts/bbc_cutoff.py \
{input.predictions} \
0.5 \
> {output.predictions}

python scripts/bbc_cutoff.py \
{input.predictions} \
0.8\
> {output.predictions}
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Table S21. Commands and parameters to run SPINGO.

python scripts/fasta_utax2spingo.py \
{input.train} \
> {output.reference_reads}

spingo \
-i {input.test} \
-d {input.reference_reads} \
-p {threads} \
> {output.predictions}

python scripts/spingo2tab.py \
{input.predictions} \
> {output.predictions}
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Table S22. Commands and parameters to run TOP.

usearch \
-db {input.train} \
-cons_tax {input.test} \
-strand plus \
-tabbedout {output.predictions} \
-strand plus \
-id 0.7 \
-maxaccepts 3 \
-maxrejects 16 \
-top_hit_only
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Table S23. Resources benchmark computed for the dataset SP RDP ITS 90.

Method Training Time (hh:mm:ss)  Training Memory (MB)  Classification Time (hh:mm:ss)  Classification Memory (MB)
BTOP 00:00:00 28.28 00:00:17 21.16
BLCA 00:00:00 22.51 00:22:22 27.44
RDP 00:00:20 18.15 00:00:17 26.23
Q2_SK 00:00:37 26.05 00:00:39 25.40
HiTaC 00:03:18 22.84 00:00:03 18.24
HiTaC_Filter 00:51:39 22.94 00:00:05 23.63
Metaxa2 01:40:34 17.42 00:01:18 21.11
TOP - - 00:00:00 20.84
CT1 - - 00:00:00 21.75
KTOP - - 00:00:00 21.83
CT2 - - 00:00:00 21.86
KNN - - 00:00:01 24.03
SINTAX - - 00:00:01 24.64
Qi - - 00:00:03 21.52
SPINGO - - 00:00:04 24.29
Microclass - - 00:00:14 26.50
NBC - - 00:00:15 14.87
Q2_BLAST - - 00:02:21 20.94
Q2_VS - - 00:02:23 25.89
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Table S24. Resources benchmark computed for the dataset SP RDP ITS 95.

Method Training Time (hh:mm:ss)  Training Memory (MB)  Classification Time (hh:mm:ss)  Classification Memory (MB)
BTOP 00:00:00 17.47 00:00:14 23.90
BLCA 00:00:00 15.71 00:14:10 19.42
RDP 00:00:30 20.00 00:00:14 24.22
Q2_SK 00:00:49 24.25 00:00:43 25.95
HiTaC 00:04:00 20.32 00:00:03 19.25
HiTaC_Filter 01:18:19 21.29 00:00:04 25.39
Metaxa2 02:44:28 19.03 00:01:03 18.50
TOP - - 00:00:00 16.29
CT2 - - 00:00:00 18.63
CT1 - - 00:00:00 19.71
KTOP - - 00:00:00 20.18
SINTAX - - 00:00:01 15.03
KNN - - 00:00:01 17.00
Qi - - 00:00:03 27.53
SPINGO - - 00:00:05 24.41
NBC - - 00:00:16 21.65
Microclass - - 00:00:17 23.75
Q2_Vs - - 00:01:42 27.21
Q2_BLAST - - 00:01:53 23.95
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Table S25. Resources benchmark computed for the dataset SP RDP ITS 97.

Method Training Time (hh:mm:ss)  Training Memory (MB)  Classification Time (hh:mm:ss)  Classification Memory (MB)
BTOP 00:00:00 23.84 00:00:17 21.43
BLCA 00:00:00 13.42 00:14:08 19.36
RDP 00:00:35 23.73 00:00:17 24.48
Q2_SK 00:00:55 22.33 00:00:48 27.01
HiTaC 00:04:28 14.47 00:00:03 20.16
HiTaC_Filter 01:35:15 19.27 00:00:05 22.26
Metaxa2 02:42:24 12.98 00:01:17 14.35
CT2 - - 00:00:00 20.02
CT1 - - 00:00:00 22.20
TOP - - 00:00:00 22.48
KTOP - - 00:00:00 28.46
SINTAX - - 00:00:01 22.36
KNN - - 00:00:01 24.37
Qi - - 00:00:03 17.74
SPINGO - - 00:00:06 28.26
NBC - - 00:00:18 19.19
Microclass - - 00:00:19 20.40
Q2_VS - - 00:01:52 15.38
Q2_BLAST - - 00:02:18 23.07
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Table S26. Resources benchmark computed for the dataset SP RDP ITS 99.

Method Training Time (hh:mm:ss)  Training Memory (MB)  Classification Time (hh:mm:ss)  Classification Memory (MB)
BTOP 00:00:00 15.54 00:00:42 27.00
BLCA 00:00:00 25.02 00:27:30 22.30
RDP 00:00:43 22.35 00:00:51 25.66
Q2_SK 00:00:55 23.56 00:01:11 24.18
HiTaC 00:04:51 21.34 00:00:07 21.29
HiTaC_Filter 01:32:13 18.90 00:00:11 25.14
Metaxa2 01:57:22 20.55 00:03:08 19.63
CT2 - - 00:00:01 19.60
CT1 - - 00:00:01 20.47
TOP - - 00:00:01 20.86
KTOP - - 00:00:01 22.03
KNN - - 00:00:02 22.84
SINTAX - - 00:00:03 23.03
Qi - - 00:00:05 14.33
SPINGO - - 00:00:06 19.82
Microclass - - 00:00:23 21.20
NBC - - 00:00:33 22.34
Q2_BLAST - - 00:05:23 24.81
Q2_VS - - 00:08:10 29.31
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Table S27. Resources benchmark computed for the dataset SP RDP ITS 100.

Method Training Time (hh:mm:ss)  Training Memory (MB)  Classification Time (hh:mm:ss)  Classification Memory (MB)
BTOP 00:00:00 27.711 00:04:01 20.39
BLCA 00:00:00 19.81 00:04:30 21.77
RDP 00:00:50 24.66 00:03:42 20.38
Q2_SK 00:01:17 28.97 00:02:52 27.91
HiTaC 00:05:16 26.81 00:00:26 25.20
HiTaC_Filter 02:32:27 20.39 00:00:45 20.36
Metaxa2 02:43:29 12.67 00:18:10 13.79
KTOP - - 00:00:03 18.77
CT1 - - 00:00:03 22.85
TOP - - 00:00:03 25.27
CT2 - - 00:00:04 18.37
KNN - - 00:00:05 23.22
Q1 - - 00:00:11 19.79
SPINGO - - 00:00:16 2414
SINTAX - - 00:00:17 20.38
Microclass - - 00:00:38 17.61
Q2_BLAST - - 00:30:37 21.40
Q2_VS - - 00:41:07 25.41
NBC - Exceeded - Exceeded
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Table S28. Hierarchical metrics computed for the dataset SP RDP ITS 90.

Method F1-score  Precision Recall
HiTaC_Filter 86.61 96.05 78.86
Q2_VS 84.92 93.42 77.84
CT2 84.92 94.10 77.37
SINTAX50 84.80 92.59 78.22
RDP80 84.80 93.83 77.36
NBC80 84.79 93.77 77.37
SINTAX80 84.76 96.63 75.48
Q2_BLAST 84.71 93.57 77.38
KNN 83.08 98.47 71.84
NBC50 82.92 87.43 78.85
Q2_SK 82.90 87.68 78.62
RDP50 82.79 87.16 78.83
Metaxa2 82.46 87.81 77.73
CT1 80.76 82.73 78.89
HiTaC 80.38 80.38 80.38
BTOP 79.33 79.33 79.33
Microclass 79.24 79.24 79.24
TOP 79.16 79.16 79.16
KTOP 79.05 79.05 79.05
BLCA 78.52 84.95 72.99
Q1 77.80 82.43 73.66
SPINGO 32.49 75.92 20.66
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Table S29. Hierarchical metrics computed for the dataset SP RDP ITS 95.

Method F1-score Precision Recall
CT2 88.13 96.94 80.79
Q2_VS 88.08 96.45 81.04
HiTaC_Filter 88.05 94.66 82.30
Q2_BLAST 87.96 96.28 80.97
SINTAX80 87.40 95.32 80.70
RDP80 86.58 92.09 81.69
NBC80 86.54 92.20 81.54
SINTAX50 86.26 90.72 82.22
Metaxa2 85.67 90.34 81.46
KNN 85.41 99.25 74.95
Q2_SK 85.09 88.16 82.22
RDP50 84.56 86.77 82.45
NBC50 84.51 86.71 82.42
Q1 84.09 86.03 82.24
CT1 83.88 85.67 82.17
HiTaC 82.96 82.96 82.96
TOP 82.64 82.64 82.64
Microclass 82.59 82.59 82.59
BTOP 82.55 82.55 82.55
BLCA 82.54 86.90 78.60
KTOP 82.50 82.50 82.50
SPINGO 37.47 76.18 24.84
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Table S30. Hierarchical metrics computed for the dataset SP RDP ITS 97.

Method F1-score  Precision Recall
Q2_BLAST 88.96 96.94 82.19
Q2_VS 88.95 96.99 82.14
SINTAX80 88.84 95.36 83.16
CT2 88.75 97.15 81.68
HiTaC_Filter 88.65 93.71 84.10
RDP80 87.93 92.28 83.96
NBC80 87.89 92.19 83.97
SINTAX50 87.45 90.79 84.34
Metaxa2 87.18 91.63 83.14
Q2_SK 86.80 89.31 84.43
RDP50 86.05 87.52 84.63
NBC50 85.96 87.33 84.64
KNN 85.69 99.32 75.35
CT1 85.55 87.44 83.74
Q1 85.49 87.31 83.75
HiTaC 84.78 84.78 84.78
TOP 84.75 84.75 84.75
Microclass 84.73 84.73 84.73
KTOP 84.72 84.72 84.72
BTOP 84.72 84.72 84.72
BLCA 83.72 88.46 79.47
SPINGO 40.14 79.08 26.89
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Table S31. Hierarchical metrics computed for the dataset SP RDP ITS 99.

Method F1-score Precision Recall
HiTaC_Filter 96.41 98.30 94.59
SINTAX50 96.28 97.25 95.33
SINTAX80 96.14 98.77 93.65
HiTaC 96.06 96.06 96.06
RDP80 96.03 97.45 94.65
Q2_SK 96.02 96.92 95.14
NBC80 96.00 97.37 94.67
BTOP 95.99 95.99 95.99
TOP 95.96 95.96 95.96
Microclass 95.96 95.96 95.96
KTOP 95.84 95.84 95.84
RDP50 95.66 95.97 95.35
NBC50 95.66 95.92 95.39
BLCA 93.33 96.37 90.47
Q1 92.36 94.84 90.01
Metaxa2 92.13 98.32 86.67
CT1 90.60 93.29 88.06
Q2_Vs 90.02 97.90 83.32
Q2_BLAST 89.69 97.78 82.84
CT2 89.02 97.77 81.71
KNN 85.20 99.99 74.23
SPINGO 54.08 95.03 37.80
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Table S32. Hierarchical metrics computed for the dataset SP RDP ITS 100.

Method Fi-score  Precision Recall
HiTaC 100.00 100.00 100.00
BTOP 100.00 100.00 100.00
TOP 99.94 99.94 99.94
KTOP 99.92 99.92 99.92
Microclass 99.91 99.91 99.91

HiTaC_Filter 99.84 100.00 99.68
SINTAX50 99.79 99.94 99.64
Q2_SK 99.60 99.88 99.33
RDP50 99.52 99.58 99.45
RDP80 99.38 99.78 98.99
SINTAX80 98.98 100.00 97.99
Metaxa2 98.14 100.00 96.35
Q1 98.10 98.72 97.50
CT1 97.77 98.41 97.14
Q2_VS 90.77 98.27 84.33
Q2_BLAST 90.51 98.17 83.96
CT2 90.34 98.18 83.65
KNN 86.62 100.00 76.40
SPINGO 59.54 100.00 42.39
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Table S33. TAXXI metrics computed for the dataset SP RDP ITS 90 at the phylum level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate ~ Under-classification Rate
BTOP 100.00 0.00 100.00 0.00
CT1 100.00 0.00 100.00 0.00
CT2 100.00 0.00 100.00 0.00
HiTaC 100.00 0.00 100.00 0.00
HiTaC_Filter 100.00 0.00 100.00 0.00
KTOP 100.00 0.00 100.00 0.00
Metaxa2 100.00 0.00 100.00 0.00
Microclass 100.00 0.00 100.00 0.00
NBC50 100.00 0.00 100.00 0.00
NBC80 100.00 0.00 100.00 0.00
Q2_SK 100.00 0.00 100.00 0.00
RDP50 100.00 0.00 100.00 0.00
RDP80 100.00 0.00 100.00 0.00
SINTAX50 100.00 0.00 100.00 0.00
SINTAX80 100.00 0.00 100.00 0.00
TOP 100.00 0.00 100.00 0.00
KNN 99.90 0.00 99.90 0.10
Q2_Vs 99.80 0.00 99.80 0.20
Q2_BLAST 99.70 0.00 99.70 0.30
Q1 92.80 0.00 92.80 7.20
BLCA 92.50 0.00 92.50 7.50
SPINGO 0.00 0.00 0.00 100.00
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Table S34. TAXXI metrics computed for the dataset SP RDP ITS 90 at the class level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate  Under-classification Rate
CT2 99.90 0.10 . 99.90 0.00
HiTaC 99.90 0.10 . 99.90 0.00
HiTaC_Filter 99.90 0.10 . 99.90 0.00
Q2_VS 99.80 0.10 . 99.80 0.20
BTOP 99.80 0.20 . 99.80 0.00
Microclass 99.80 0.20 . 99.80 0.00
Q2_sK 99.80 0.20 . 99.80 0.00
Q2_BLAST 99.70 0.10 . 99.70 0.30
Metaxa2 99.70 0.30 . 99.70 0.00
TOP 99.70 0.30 . 99.70 0.00
RDP50 99.60 0.40 . 99.60 0.00
NBC80 99.50 0.10 . 99.50 0.40
RDP80 99.50 0.10 . 99.50 0.40
SINTAX80 99.50 0.10 . 99.50 0.40
SINTAX50 99.50 0.20 . 99.50 0.30
CT1 99.50 0.40 . 99.50 0.10
NBC50 99.50 0.40 . 99.50 0.10
KTOP 99.50 0.50 . 99.50 0.00
KNN 98.60 0.10 . 98.60 1.30
Q1 92.60 0.20 . 92.60 7.20
BLCA 92.40 0.20 . 92.40 7.50
SPINGO 0.00 0.00 . 0.00 100.00
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Table S35. TAXXI metrics computed for the dataset SP RDP ITS 90 at the order level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate ~ Under-classification Rate
HiTaC_Filter 98.20 1.60 98.20 0.20
HiTaC 98.20 1.80 98.20 0.00
Microclass 98.20 1.80 98.20 0.00
Q2_VS 98.10 1.50 98.10 0.40
Q2_SsK 98.10 1.60 98.10 0.30
BTOP 98.10 1.90 98.10 0.00
TOP 98.10 1.90 98.10 0.00
Q2_BLAST 98.00 1.60 98.00 0.50
CT2 97.90 1.80 97.90 0.40
NBC50 97.90 1.90 97.90 0.30
RDP50 97.90 2.00 97.90 0.10
KTOP 97.90 2.10 97.90 0.00
CT1 97.90 2.10 97.90 0.10
RDP80 97.80 1.30 97.80 0.80
NBC80 97.80 1.30 97.80 0.90
SINTAX50 97.80 1.50 97.80 0.70
Metaxa2 97.20 2.40 97.20 0.40
SINTAX80 97.10 1.30 97.10 1.60
KNN 93.20 0.90 93.20 5.80
Q1 91.40 1.40 91.40 7.20
BLCA 90.40 1.80 90.40 7.80
SPINGO 0.00 0.00 0.00 100.00
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Table S36. TAXXI metrics computed for the dataset SP RDP ITS 90 at the family level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate  Under-classification Rate
HiTaC 95.10 4.90 . 95.10 0.00
HiTaC_Filter 94.00 3.40 . 94.00 2.60
TOP 93.90 6.00 . 94.00 0.00
Microclass 93.90 6.10 . 93.90 0.00
BTOP 93.70 6.20 . 93.80 0.00
KTOP 93.40 6.50 . 93.50 0.00
CT1 93.30 6.60 . 93.40 0.10
NBC50 93.20 5.40 . 93.20 1.40
RDP50 93.20 5.90 . 93.30 0.80
Q2_SK 93.10 4.60 . 93.20 2.30
SINTAX50 92.70 4.30 . 92.70 3.00
Q2_VS 91.70 5.40 . 91.80 2.80
NBC80 91.60 3.30 . 91.70 5.00
RDP80 91.50 3.50 . 91.60 5.00
Q2_BLAST 91.40 5.60 . 91.40 2.90
SPINGO 91.30 3.60 . 91.30 5.10
CT2 91.30 5.70 . 91.30 3.00
Metaxa2 90.50 6.40 . 90.50 3.10
SINTAX80 87.60 2.30 . 87.70 10.00
Q1 87.30 5.20 . 87.30 7.40
BLCA 86.90 4.40 . 87.00 8.60
KNN 80.20 1.40 . 80.20 18.40
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Table S37. TAXXI metrics computed for the dataset SP RDP ITS 90 at the genus level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate ~ Under-classification Rate
HiTaC 69.50 19.70 100.00 80.30 0.00
HiTaC_Filter 64.80 10.30 44.10 69.30 20.40
NBC50 64.20 17.60 67.00 70.90 11.50
RDP50 63.90 18.60 67.80 70.60 10.80
BTOP 63.70 26.60 100.00 73.40 0.00
Microclass 62.70 27.50 100.00 72.50 0.00
Q2_sK 62.40 18.80 62.50 68.50 12.70
KTOP 62.40 27.80 100.00 72.20 0.00
TOP 62.40 27.90 100.00 72.10 0.00
CT1 62.10 27.90 92.70 71.00 1.10
SINTAX50 61.90 12.20 47.10 66.50 21.30
Q1 60.30 23.00 81.20 68.00 9.00
Metaxa2 59.00 19.70 71.60 65.60 14.70
Q2_VS 58.50 19.50 61.70 64.20 16.40
BLCA 58.40 15.90 72.40 65.00 19.10
SPINGO 57.90 10.40 41.80 61.70 27.90
RDP80 57.70 9.00 34.90 60.80 30.20
NBC80 57.60 8.80 36.80 60.90 30.30
Q2_BLAST 56.00 19.40 61.70 61.40 19.20
CT2 55.20 19.00 64.00 60.80 20.30
SINTAX80 49.20 5.90 22.20 51.00 43.10
KNN 34.80 3.30 18.40 35.80 60.90
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Table S38. TAXXI metrics computed for the dataset SP RDP ITS 90 at the species level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate  Under-classification Rate
CT2 0.00 1.30
HiTaC_Filter 0.00 2.70
Q2_BLAST 0.00 4.80
Q2_VS 0.00 6.20
SINTAX80 0.00 6.60
RDP80 0.00 18.20
NBC80 0.00 18.60
SINTAX50 0.00 20.80
SPINGO 0.00 22.50
Metaxa2 0.00 39.70
Q2_sK 0.00 46.20
NBC50 0.00 47.50
RDP50 0.00 47.70
BLCA 0.00 53.10
Q1 0.00 64.90
CTH1 0.00 69.50
BTOP 0.00 100.00
HiTaC 0.00 100.00
KTOP 0.00 100.00
Microclass 0.00 100.00
TOP 0.00 100.00
KNN 0.00
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Table S39. TAXXI metrics computed for the dataset SP RDP ITS 95 at the phylum level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate ~ Under-classification Rate
BTOP 100.00 0.00 . 100.00 0.00
CT1 100.00 0.00 . 100.00 0.00
CT2 100.00 0.00 . 100.00 0.00
HiTaC 100.00 0.00 . 100.00 0.00
HiTaC_Filter 100.00 0.00 . 100.00 0.00
KNN 100.00 0.00 . 100.00 0.00
KTOP 100.00 0.00 . 100.00 0.00
Metaxa2 100.00 0.00 . 100.00 0.00
Microclass 100.00 0.00 . 100.00 0.00
NBC50 100.00 0.00 . 100.00 0.00
NBC80 100.00 0.00 . 100.00 0.00
Q2_BLAST 100.00 0.00 . 100.00 0.00
Q2_SsK 100.00 0.00 . 100.00 0.00
Q2_VS 100.00 0.00 . 100.00 0.00
RDP50 100.00 0.00 . 100.00 0.00
RDP80 100.00 0.00 . 100.00 0.00
SINTAX50 100.00 0.00 . 100.00 0.00
SINTAX80 100.00 0.00 . 100.00 0.00
TOP 100.00 0.00 . 100.00 0.00
Q1 99.80 0.00 . 99.80 0.20
BLCA 95.90 0.00 . 95.90 4.10
SPINGO 0.00 0.00 . 0.00 100.00
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Table S40. TAXXI metrics computed for the dataset SP RDP ITS 95 at the class level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate  Under-classification Rate
CT2 99.70 0.30 . 99.70 0.00
HiTaC 99.70 0.30 . 99.70 0.00
HiTaC_Filter 99.70 0.30 . 99.70 0.00
Q2_BLAST 99.70 0.30 . 99.70 0.00
Q2 Vs 99.70 0.30 . 99.70 0.00
CT1 99.60 0.40 . 99.60 0.00
KTOP 99.60 0.40 . 99.60 0.00
TOP 99.60 0.40 . 99.60 0.00
SINTAX50 99.50 0.40 . 99.50 0.10
BTOP 99.50 0.50 . 99.50 0.00
RDP50 99.50 0.50 . 99.50 0.00
NBC80 99.40 0.40 . 99.40 0.20
Q2_sK 99.40 0.40 . 99.40 0.20
RDP80 99.40 0.40 . 99.40 0.20
SINTAX80 99.40 0.40 . 99.40 0.20
NBC50 99.40 0.50 . 99.40 0.10
Metaxa2 99.40 0.50 . 99.40 0.20
Q1 99.40 0.50 . 99.40 0.20
Microclass 99.40 0.60 . 99.40 0.00
KNN 98.70 0.30 . 98.70 0.90
BLCA 95.40 0.50 . 95.40 4.10
SPINGO 0.00 0.00 . 0.00 100.00
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Table S41. TAXXI metrics computed for the dataset SP RDP ITS 95 at the order level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate ~ Under-classification Rate
Q2_Vs 99.10 0.60 99.10 0.20
CT2 99.10 0.70 99.10 0.20
Q2_BLAST 99.10 0.70 99.10 0.20
HiTaC_Filter 99.10 0.80 99.10 0.10
HiTaC 99.10 0.90 99.10 0.00
KTOP 99.10 0.90 99.10 0.00
TOP 99.10 0.90 99.10 0.00
SINTAX50 99.00 0.80 99.00 0.20
RDP50 99.00 1.00 99.00 0.00
RDP80 98.90 0.90 98.90 0.20
NBC50 98.90 1.00 98.90 0.10
BTOP 98.90 1.10 98.90 0.00
CT1 98.90 1.10 98.90 0.00
Microclass 98.90 1.10 98.90 0.00
Q2_SsK 98.80 0.90 98.80 0.20
NBC80 98.70 0.80 98.70 0.60
Metaxa2 98.70 1.00 98.70 0.20
Qi 98.70 1.20 98.70 0.20
SINTAX80 98.40 0.60 98.40 1.00
KNN 94.80 0.50 94.80 4.70
BLCA 94.80 0.90 94.80 4.30
SPINGO 0.00 0.00 0.00 100.00
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Table S42. TAXXI metrics computed for the dataset SP RDP ITS 95 at the family level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate  Under-classification Rate
HiTaC 98.00 1.90 . 98.10 0.00
BTOP 97.80 2.10 . 97.90 0.00
KTOP 97.80 2.10 . 97.90 0.00
TOP 97.80 2.10 . 97.90 0.00
HiTaC_Filter 97.60 1.00 . 97.60 1.30
RDP50 97.60 2.20 . 97.70 0.10
Microclass 97.50 2.40 . 97.60 0.00
SINTAX50 97.30 1.70 . 97.40 0.90
NBC50 97.30 2.20 . 97.40 0.40
Q2_SK 97.20 1.80 . 97.30 0.90
Q1 97.20 2.50 . 97.20 0.30
CT1 97.00 2.90 . 97.10 0.00
RDP80 96.80 1.40 . 96.90 1.70
SPINGO 96.80 1.50 . 96.90 1.60
NBC80 96.60 1.30 . 96.70 2.00
Metaxa2 96.40 2.10 . 96.40 1.60
SINTAX80 96.10 1.00 . 96.10 2.80
Q2_Vs 95.80 2.20 . 95.80 2.00
CT2 95.70 2.30 . 95.70 2.00
Q2_BLAST 95.60 2.50 . 95.60 2.00
BLCA 93.00 1.90 . 93.00 5.10
KNN 85.20 0.90 . 85.20 13.80
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Table S43. TAXXI metrics computed for the dataset SP RDP ITS 95 at the genus level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate ~ Under-classification Rate
HiTaC 83.60 12.90 100.00 87.10 0.00
Microclass 82.00 14.60 100.00 85.40 0.00
TOP 81.90 14.70 100.00 85.30 0.00
NBC50 81.80 13.10 78.40 84.50 2.40
RDP50 81.40 12.90 82.40 84.30 2.80
BTOP 81.30 15.20 100.00 84.80 0.00
Q1 81.00 14.70 90.20 84.10 1.20
KTOP 80.80 15.80 100.00 84.20 0.00
HiTaC_Filter 80.60 8.30 70.60 82.90 8.70
Q2_SK 80.60 11.80 80.40 83.30 4.90
SINTAX50 80.50 10.60 72.50 82.90 6.40
CT1 79.80 16.10 96.10 83.00 0.90
SPINGO 78.10 9.10 64.70 80.20 10.60
RDP80 77.60 8.30 66.70 79.80 11.90
NBC80 77.20 8.20 62.70 79.20 12.60
Metaxa2 76.60 10.60 74.50 79.00 10.40
BLCA 75.90 10.20 76.50 78.30 11.40
Q2_Vs 73.30 11.00 76.50 75.70 13.30
Q2_BLAST 73.10 12.40 76.50 75.50 12.10
SINTAX80 72.40 5.40 49.00 73.90 20.80
CT2 72.00 10.60 70.60 74.10 15.20
KNN 47.70 1.90 9.80 47.90 50.20
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Table S44. TAXXI metrics computed for the dataset SP RDP ITS 95 at the species level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate  Under-classification Rate
Q2_BLAST 2.00 3.40
Q2_VS 1.80 4.10
HiTaC_Filter 0.80 19.50
SINTAX80 0.40 18.60
SINTAX50 0.40 42.80
Q2_SK 0.30 59.60
BTOP 0.30 100.00
NBC80 0.20 35.30
RDP80 0.20 35.60
SPINGO 0.20 39.90
RDP50 0.20 68.50
NBC50 0.20 69.00
HiTaC 0.20 100.00
KTOP 0.20 100.00
Microclass 0.20 100.00
TOP 0.20 100.00
BLCA 0.10 62.60
Qi 0.10 71.40
CT2 0.00 1.50
Metaxa2 0.00 44.20
CT1 0.00 72.50
KNN 0.00
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Table S45. TAXXI metrics computed for the dataset SP RDP ITS 97 at the phylum level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate ~ Under-classification Rate
BTOP 100.00 0.00 . 100.00 0.00
CT1 100.00 0.00 . 100.00 0.00
CT2 100.00 0.00 . 100.00 0.00
HiTaC 100.00 0.00 . 100.00 0.00
HiTaC_Filter 100.00 0.00 . 100.00 0.00
KTOP 100.00 0.00 . 100.00 0.00
Microclass 100.00 0.00 . 100.00 0.00
NBC50 100.00 0.00 . 100.00 0.00
NBC80 100.00 0.00 . 100.00 0.00
Q2_BLAST 100.00 0.00 . 100.00 0.00
Q2_SK 100.00 0.00 . 100.00 0.00
RDP50 100.00 0.00 . 100.00 0.00
RDP80 100.00 0.00 . 100.00 0.00
SINTAX50 100.00 0.00 . 100.00 0.00
SINTAX80 100.00 0.00 . 100.00 0.00
TOP 100.00 0.00 . 100.00 0.00
KNN 99.90 0.00 . 99.90 0.10
Metaxa2 99.90 0.00 . 99.90 0.10
Q1 99.90 0.00 . 99.90 0.10
Q2_Vs 99.90 0.00 . 99.90 0.10
BLCA 94.50 0.00 . 94.50 5.50
SPINGO 0.00 0.00 . 0.00 100.00
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Table S46. TAXXI metrics computed for the dataset SP RDP ITS 97 at the class level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate  Under-classification Rate
BTOP 99.90 0.10 . 99.90 0.00
CT2 99.90 0.10 . 99.90 0.00
HiTaC 99.90 0.10 . 99.90 0.00
HiTaC_Filter 99.90 0.10 . 99.90 0.00
KTOP 99.90 0.10 . 99.90 0.00
Microclass 99.90 0.10 . 99.90 0.00
NBC50 99.90 0.10 . 99.90 0.00
NBC80 99.90 0.10 . 99.90 0.00
Q2_BLAST 99.90 0.10 . 99.90 0.00
Q2_SK 99.90 0.10 . 99.90 0.00
RDP50 99.90 0.10 . 99.90 0.00
RDP80 99.90 0.10 . 99.90 0.00
SINTAX50 99.90 0.10 . 99.90 0.00
TOP 99.90 0.10 . 99.90 0.00
CT1 99.90 0.10 . 99.90 0.10
Q2_Vs 99.90 0.10 . 99.90 0.10
SINTAX80 99.90 0.10 . 99.90 0.10
Q1 99.80 0.10 . 99.80 0.10
Metaxa2 99.70 0.10 . 99.70 0.20
KNN 98.10 0.10 . 98.10 1.80
BLCA 94.40 0.10 . 94.40 5.50
SPINGO 0.00 0.00 . 0.00 100.00
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Table S47. TAXXI metrics computed for the dataset SP RDP ITS 97 at the order level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate ~ Under-classification Rate
BTOP 99.40 0.60 . 99.40 0.00
HiTaC 99.40 0.60 . 99.40 0.00
KTOP 99.40 0.60 . 99.40 0.00
Microclass 99.40 0.60 . 99.40 0.00
NBC50 99.40 0.60 . 99.40 0.00
NBC80 99.40 0.60 . 99.40 0.00
Q2_sK 99.40 0.60 . 99.40 0.00
RDP50 99.40 0.60 . 99.40 0.00
RDP80 99.40 0.60 . 99.40 0.00
TOP 99.40 0.60 . 99.40 0.00
HiTaC_Filter 99.40 0.60 . 99.40 0.10
SINTAX50 99.40 0.60 . 99.40 0.10
Q2_Vs 99.30 0.50 . 99.30 0.20
SINTAX80 99.30 0.50 . 99.30 0.20
Q1 99.30 0.60 . 99.30 0.10
Q2_BLAST 99.30 0.60 . 99.30 0.10
CT2 99.20 0.60 . 99.20 0.10
CT1 99.20 0.70 . 99.20 0.10
Metaxa2 99.00 0.50 . 99.00 0.50
KNN 95.80 0.40 . 95.80 3.70
BLCA 93.90 0.60 . 93.90 5.60
SPINGO 0.00 0.00 . 0.00 100.00
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Table S48. TAXXI metrics computed for the dataset SP RDP ITS 97 at the family level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate  Under-classification Rate
TOP 99.20 0.70 . 99.30 0.00
BTOP 99.20 0.80 . 99.20 0.00
KTOP 99.20 0.80 . 99.20 0.00
RDP80 99.10 0.70 . 99.20 0.10
Microclass 99.10 0.80 . 99.20 0.00
NBC50 99.10 0.80 . 99.20 0.00
Q2_sK 99.10 0.80 . 99.20 0.00
RDP50 99.10 0.80 . 99.20 0.00
NBC80 99.00 0.60 . 99.10 0.30
SINTAX50 98.90 0.70 . 99.00 0.30
HiTaC_Filter 98.90 0.80 . 98.90 0.30
HiTaC 98.90 1.00 . 99.00 0.00
SPINGO 98.70 0.70 . 98.80 0.50
CT1 98.70 1.10 . 98.70 0.10
Q1 98.50 1.30 . 98.50 0.20
SINTAX80 98.40 0.70 . 98.40 0.90
Metaxa2 98.20 0.70 . 98.20 1.10
Q2_BLAST 97.50 1.80 . 97.50 0.80
Q2_Vs 97.50 1.90 . 97.50 0.60
CT2 96.50 2.30 . 96.50 1.20
BLCA 93.40 0.80 . 93.40 5.80
KNN 85.70 0.60 . 85.70 13.70
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Table S49. TAXXI metrics computed for the dataset SP RDP ITS 97 at the genus level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate ~ Under-classification Rate
HiTaC 91.50 7.70 100.00 92.30 0.00
Microclass 91.10 8.20 100.00 91.80 0.00
KTOP 91.00 8.30 100.00 91.70 0.00
TOP 91.00 8.30 100.00 91.70 0.00
BTOP 90.90 8.40 100.00 91.60 0.00
NBC50 90.60 7.40 100.00 91.30 1.30
RDP50 90.50 7.10 100.00 91.20 1.70
SINTAX50 89.10 6.70 81.80 89.60 3.60
Q2_sK 89.10 6.70 100.00 89.80 3.50
CT1 87.90 10.60 90.90 88.60 0.90
HiTaC_Filter 87.80 5.00 81.80 88.40 6.60
Q1 87.30 11.40 81.80 87.90 0.70
SPINGO 86.60 5.00 81.80 87.20 7.90
RDP80 86.50 4.70 81.80 87.00 8.30
NBC80 86.50 4.90 81.80 87.10 8.00
Metaxa2 85.00 7.30 90.90 85.60 7.10
BLCA 83.10 6.80 81.80 83.60 9.60
SINTAX80 82.50 3.60 54.50 82.90 13.50
Q2_BLAST 78.10 11.10 81.80 78.60 10.20
Q2_VS 77.90 10.40 90.90 78.50 11.10
CT2 76.10 11.30 81.80 76.60 12.10
KNN 48.20 1.90 54.50 48.40 49.70
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Table S50. TAXXI metrics computed for the dataset SP RDP ITS 97 at the species level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate  Under-classification Rate
Q2_BLAST 9.40 0.00 4.20 18.30 81.70
SINTAX80 8.80 1.70 24.00 56.70 41.70
Q2_Vs 8.30 1.70 4.40 16.70 81.70
HiTaC_Filter 7.90 1.70 33.80 68.30 30.00
NBC80 6.50 6.70 44.60 71.70 21.70
SPINGO 6.40 3.30 44.70 71.70 25.00
RDP80 6.40 8.30 44.00 70.00 21.70
SINTAX50 5.80 11.70 52.90 75.00 13.30
Q2_sK 5.30 10.00 64.00 81.70 8.30
RDP50 4.40 13.30 77.90 81.70 5.00
NBC50 4.30 13.30 79.10 81.70 5.00
BLCA 4.20 5.00 60.50 61.70 33.30
HiTaC 3.70 13.30 100.00 86.70 0.00
TOP 3.70 13.30 100.00 86.70 0.00
BTOP 3.70 14.80 100.00 85.20 0.00
Microclass 3.60 15.00 100.00 85.00 0.00
KTOP 3.50 16.70 100.00 83.30 0.00
CT2 3.40 0.00 2.00 5.00 95.00
Q1 2.30 23.30 73.40 40.00 36.70
CT1 0.80 38.30 72.60 13.30 48.30
Metaxa2 0.70 0.00 45.90 8.30 91.70
KNN 0.00 0.00 0.20 0.00 100.00
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Table S51. TAXXI metrics computed for the dataset SP RDP ITS 99 at the phylum level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate ~ Under-classification Rate
BTOP 100.00 0.00 100.00 0.00
CT1 100.00 0.00 100.00 0.00
CT2 100.00 0.00 100.00 0.00
HiTaC 100.00 0.00 100.00 0.00
HiTaC_Filter 100.00 0.00 100.00 0.00
KTOP 100.00 0.00 100.00 0.00
Metaxa2 100.00 0.00 100.00 0.00
Microclass 100.00 0.00 100.00 0.00
NBC50 100.00 0.00 100.00 0.00
NBC80 100.00 0.00 100.00 0.00
Q2_SK 100.00 0.00 100.00 0.00
RDP50 100.00 0.00 100.00 0.00
RDP80 100.00 0.00 100.00 0.00
SINTAX50 100.00 0.00 100.00 0.00
SINTAX80 100.00 0.00 100.00 0.00
TOP 100.00 0.00 100.00 0.00
Q2_BLAST 99.90 0.00 99.90 0.10
Q2_Vs 99.90 0.00 99.90 0.10
KNN 99.80 0.00 99.80 0.20
Qi 99.70 0.00 99.70 0.30
BLCA 95.20 0.00 95.20 4.80
SPINGO 0.00 0.00 0.00 100.00

Fabio Miranda, Vasco Azevedo, Rommel Ramos, Bernhard Renard and Vitor Piro

61 of 103



Table S52. TAXXI metrics computed for the dataset SP RDP ITS 99 at the class level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate  Under-classification Rate
BTOP 100.00 0.00 . 100.00 0.00
HiTaC 100.00 0.00 . 100.00 0.00
HiTaC_Filter 100.00 0.00 . 100.00 0.00
KTOP 100.00 0.00 . 100.00 0.00
Microclass 100.00 0.00 . 100.00 0.00
NBC50 100.00 0.00 . 100.00 0.00
NBC80 100.00 0.00 . 100.00 0.00
Q2_SK 100.00 0.00 . 100.00 0.00
RDP50 100.00 0.00 . 100.00 0.00
RDP80 100.00 0.00 . 100.00 0.00
SINTAX50 100.00 0.00 . 100.00 0.00
SINTAX80 100.00 0.00 . 100.00 0.00
TOP 100.00 0.00 . 100.00 0.00
CT1 99.90 0.10 . 99.90 0.00
Q1 99.70 0.10 . 99.70 0.30
Q2_BLAST 99.70 0.20 . 99.70 0.10
Q2_Vs 99.70 0.20 . 99.70 0.10
CT2 99.70 0.30 . 99.70 0.10
Metaxa2 99.60 0.00 . 99.60 0.40
KNN 97.80 0.00 . 97.80 2.20
BLCA 95.20 0.00 . 95.20 4.80
SPINGO 0.00 0.00 . 0.00 100.00
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Table S53. TAXXI metrics computed for the dataset SP RDP ITS 99 at the order level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate ~ Under-classification Rate
BTOP 100.00 0.00 100.00 0.00
HiTaC 100.00 0.00 100.00 0.00
HiTaC_Filter 100.00 0.00 100.00 0.00
Microclass 100.00 0.00 100.00 0.00
Q2_SsK 99.90 0.00 99.90 0.00
SINTAX50 99.90 0.00 99.90 0.00
SINTAX80 99.90 0.00 99.90 0.10
KTOP 99.90 0.10 99.90 0.00
NBC50 99.90 0.10 99.90 0.00
NBC80 99.90 0.10 99.90 0.00
RDP50 99.90 0.10 99.90 0.00
RDP80 99.90 0.10 99.90 0.00
TOP 99.90 0.10 99.90 0.00
Q1 99.40 0.30 99.40 0.30
CTH1 99.30 0.60 99.30 0.10
Q2_Vs 99.00 0.70 99.00 0.30
Q2_BLAST 98.90 0.80 98.90 0.30
Metaxa2 98.70 0.00 98.70 1.30
CT2 98.50 1.00 98.50 0.60
BLCA 95.20 0.00 95.20 4.80
KNN 93.20 0.00 93.20 6.80
SPINGO 0.00 0.00 0.00 100.00
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Table S54. TAXXI metrics computed for the dataset SP RDP ITS 99 at the family level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate  Under-classification Rate
BTOP 100.00 0.00 . 100.00 0.00
HiTaC 100.00 0.00 . 100.00 0.00
HiTaC_Filter 99.90 0.00 . 99.90 0.00
NBC80 99.90 0.00 . 99.90 0.10
SINTAX50 99.90 0.00 . 99.90 0.10
SPINGO 99.90 0.00 . 99.90 0.10
KTOP 99.90 0.10 . 99.90 0.00
Microclass 99.90 0.10 . 99.90 0.00
NBC50 99.90 0.10 . 99.90 0.00
RDP50 99.90 0.10 . 99.90 0.00
TOP 99.90 0.10 . 99.90 0.00
Q2_SK 99.90 0.10 . 99.90 0.10
RDP80 99.90 0.10 . 99.90 0.10
SINTAX80 99.80 0.00 . 99.80 0.20
Q1 99.10 0.60 . 99.10 0.30
CTH1 97.90 1.70 . 97.90 0.30
Metaxa2 96.20 0.00 . 96.20 3.80
Q2_Vs 96.10 2.30 . 96.10 1.60
Q2_BLAST 95.60 2.30 . 95.60 2.10
BLCA 95.10 0.00 . 95.10 4.80
CT2 93.80 2.90 . 93.80 3.20
KNN 80.80 0.00 . 80.80 19.10
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Table S55. TAXXI metrics computed for the dataset SP RDP ITS 99 at the genus level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate ~ Under-classification Rate
HiTaC 99.50 0.50 . 99.50 0.00
TOP 99.50 0.50 . 99.50 0.00
BTOP 99.40 0.60 . 99.40 0.00
KTOP 99.40 0.60 . 99.40 0.00
Microclass 99.40 0.60 . 99.40 0.00
RDP50 99.30 0.60 . 99.30 0.10
NBC50 99.30 0.70 . 99.30 0.10
Q2_SK 99.20 0.40 . 99.20 0.30
SINTAX50 99.20 0.40 . 99.20 0.40
SPINGO 99.00 0.20 . 99.00 0.80
RDP80 98.90 0.30 . 98.90 0.90
HiTaC_Filter 98.80 0.10 . 98.80 1.10
NBC80 98.80 0.20 . 98.80 1.00
SINTAX80 98.00 0.10 . 98.00 2.00
Q1 95.50 3.30 . 95.50 1.20
BLCA 94.30 0.30 . 94.30 5.40
CT1 92.20 6.00 . 92.20 1.70
Metaxa2 89.00 0.30 . 89.00 10.60
Q2_Vs 81.40 6.80 . 81.40 11.80
Q2_BLAST 80.20 7.70 . 80.20 12.20
CT2 77.10 7.60 . 77.10 15.40
KNN 48.00 0.00 . 48.00 52.00
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Table S56. TAXXI metrics computed for the dataset SP RDP ITS 99 at the species level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate  Under-classification Rate
HiTaC 73.00 10.60 100.00 89.40 0.00
BTOP 72.60 11.30 100.00 88.70 0.00
Microclass 72.30 11.40 100.00 88.60 0.00
TOP 72.30 11.40 100.00 88.60 0.00
SINTAX50 72.20 6.60 70.40 83.60 9.70
KTOP 71.60 12.20 100.00 87.80 0.00
SPINGO 71.30 3.50 57.60 80.60 15.90
Q2_SK 70.10 8.40 74.90 82.00 9.60
HiTaC_Filter 70.00 2.70 49.00 77.80 19.50
NBC50 69.70 13.30 91.20 84.10 2.60
RDP50 69.60 13.30 89.50 83.70 3.00
NBC80 68.60 7.00 64.30 78.50 14.50
RDP80 68.50 6.40 63.60 78.30 15.30
BLCA 67.20 7.90 66.50 77.30 14.80
SINTAX80 65.40 1.30 37.70 71.00 27.70
Q1 39.40 21.70 65.70 45.20 33.10
CT1 28.80 28.50 68.20 33.20 38.30
Metaxa2 25.90 2.80 42.00 28.30 68.90
Q2_Vs 8.80 2.10 4.50 8.90 89.10
Q2_BLAST 7.00 1.70 4.70 7.10 91.30
CT2 3.60 0.90 3.30 3.60 95.50
KNN 0.00 0.00 0.00 0.00 100.00
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Table S57. TAXXI metrics computed for the dataset SP RDP ITS 100 at the phylum level.

Method Accuracy Misclassification Rate  Over-classification Rate = True Positive Rate  Under-classification Rate
BTOP 100.00 0.00 100.00 0.00
CT1 100.00 0.00 100.00 0.00
CT2 100.00 0.00 100.00 0.00
HiTaC 100.00 0.00 100.00 0.00
HiTaC_Filter 100.00 0.00 100.00 0.00
KTOP 100.00 0.00 100.00 0.00
Metaxa2 100.00 0.00 100.00 0.00
Microclass 100.00 0.00 100.00 0.00
Q1 100.00 0.00 100.00 0.00
Q2_BLAST 100.00 0.00 100.00 0.00
Q2_SK 100.00 0.00 100.00 0.00
Q2_VSs 100.00 0.00 100.00 0.00
RDP50 100.00 0.00 100.00 0.00
RDP80 100.00 0.00 100.00 0.00
SINTAX50 100.00 0.00 100.00 0.00
SINTAX80 100.00 0.00 100.00 0.00
TOP 100.00 0.00 100.00 0.00
KNN 99.80 0.00 99.80 0.20
BLCA 0.00 0.00 0.00 100.00
SPINGO 0.00 0.00 0.00 100.00

Fabio Miranda, Vasco Azevedo, Rommel Ramos, Bernhard Renard and Vitor Piro

67 of 103



Table S58. TAXXI metrics computed for the dataset SP RDP ITS 100 at the class level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate = Under-classification Rate
BTOP 100.00 0.00 . 100.00 0.00
HiTaC 100.00 0.00 . 100.00 0.00
HiTaC_Filter 100.00 0.00 . 100.00 0.00
KTOP 100.00 0.00 . 100.00 0.00
Microclass 100.00 0.00 . 100.00 0.00
Qi 100.00 0.00 . 100.00 0.00
Q2_SK 100.00 0.00 . 100.00 0.00
RDP50 100.00 0.00 . 100.00 0.00
RDP80 100.00 0.00 . 100.00 0.00
SINTAX50 100.00 0.00 . 100.00 0.00
SINTAX80 100.00 0.00 . 100.00 0.00
TOP 100.00 0.00 . 100.00 0.00
Metaxa2 99.90 0.00 . 99.90 0.10
CT1 99.90 0.10 . 99.90 0.00
Q2_BLAST 99.70 0.20 . 99.70 0.00
Q2_Vs 99.70 0.20 . 99.70 0.00
CT2 99.70 0.30 . 99.70 0.00
KNN 98.20 0.00 . 98.20 1.80
BLCA 0.00 0.00 . 0.00 100.00
SPINGO 0.00 0.00 . 0.00 100.00
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Table S59. TAXXI metrics computed for the dataset SP RDP ITS 100 at the order level.

Method Accuracy Misclassification Rate  Over-classification Rate = True Positive Rate  Under-classification Rate
BTOP 100.00 0.00 100.00 0.00
HiTaC 100.00 0.00 100.00 0.00
HiTaC_Filter 100.00 0.00 100.00 0.00
KTOP 100.00 0.00 100.00 0.00
Microclass 100.00 0.00 100.00 0.00
Q1 100.00 0.00 100.00 0.00
Q2_SK 100.00 0.00 100.00 0.00
RDP50 100.00 0.00 100.00 0.00
RDP80 100.00 0.00 100.00 0.00
SINTAX50 100.00 0.00 100.00 0.00
SINTAX80 100.00 0.00 100.00 0.00
TOP 100.00 0.00 100.00 0.00
CT1 99.80 0.20 99.80 0.00
Metaxa2 99.70 0.00 99.70 0.30
Q2_VS 99.00 0.60 99.00 0.30
Q2_BLAST 99.00 0.60 99.00 0.40
CT2 98.70 0.80 98.70 0.50
KNN 94.40 0.00 94.40 5.60
BLCA 0.00 0.00 0.00 100.00
SPINGO 0.00 0.00 0.00 100.00
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Table S60. TAXXI metrics computed for the dataset SP RDP ITS 100 at the family level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate = Under-classification Rate
BTOP 100.00 0.00 . 100.00 0.00
HiTaC 100.00 0.00 . 100.00 0.00
HiTaC_Filter 100.00 0.00 . 100.00 0.00
KTOP 100.00 0.00 . 100.00 0.00
Microclass 100.00 0.00 . 100.00 0.00
Q2_SK 100.00 0.00 . 100.00 0.00
RDP50 100.00 0.00 . 100.00 0.00
RDP80 100.00 0.00 . 100.00 0.00
SINTAX50 100.00 0.00 . 100.00 0.00
SINTAX80 100.00 0.00 . 100.00 0.00
SPINGO 100.00 0.00 . 100.00 0.00
TOP 100.00 0.00 . 100.00 0.00
Q1 99.80 0.20 . 99.80 0.00
CT1 99.50 0.50 . 99.50 0.10
Metaxa2 99.20 0.00 . 99.20 0.80
Q2_Vs 96.40 2.00 . 96.40 1.60
Q2_BLAST 96.10 2.10 . 96.10 1.80
CT2 95.80 2.20 . 95.80 2.10
KNN 84.80 0.00 . 84.80 15.20
BLCA 0.00 0.00 . 0.00 100.00
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Table S61. TAXXI metrics computed for the dataset SP RDP ITS 100 at the genus level.

Method Accuracy Misclassification Rate  Over-classification Rate = True Positive Rate  Under-classification Rate
BTOP 100.00 0.00 100.00 0.00
HiTaC 100.00 0.00 100.00 0.00
HiTaC_Filter 100.00 0.00 100.00 0.00
KTOP 100.00 0.00 100.00 0.00
Microclass 100.00 0.00 100.00 0.00
Q2_SK 100.00 0.00 100.00 0.00
RDP50 100.00 0.00 100.00 0.00
SINTAX50 100.00 0.00 100.00 0.00
SPINGO 100.00 0.00 100.00 0.00
TOP 100.00 0.00 100.00 0.00
RDP80 99.90 0.00 99.90 0.10
SINTAX80 99.80 0.00 99.80 0.20
Q1 99.00 0.80 99.00 0.20
CT1 98.20 1.50 98.20 0.30
Metaxa2 97.70 0.00 97.70 2.30
Q2_VSs 84.30 6.20 84.30 9.50
Q2_BLAST 83.60 6.70 83.60 9.70
CT2 82.90 6.60 82.90 10.50
KNN 57.60 0.00 57.60 42.40
BLCA 0.00 0.00 0.00 100.00
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Table S62. TAXXI metrics computed for the dataset SP RDP ITS 100 at the species level.

Method Accuracy Misclassification Rate  Over-classification Rate  True Positive Rate = Under-classification Rate
BTOP 100.00 0.00 . 100.00 0.00
HiTaC 100.00 0.00 . 100.00 0.00
TOP 99.60 0.40 . 99.60 0.00
KTOP 99.40 0.60 . 99.40 0.00
Microclass 99.40 0.60 . 99.40 0.00
HiTaC_Filter 97.80 0.00 . 97.80 2.20
SINTAX50 97.50 0.40 . 97.50 2.10
SPINGO 96.80 0.00 . 96.80 3.20
RDP50 96.20 2.90 . 96.20 0.90
Q2_SK 95.30 0.80 . 95.30 3.80
RDP80 93.00 1.50 . 93.00 5.50
SINTAX80 86.20 0.00 . 86.20 13.80
Q1 83.70 7.80 . 83.70 8.50
CT1 82.70 8.70 . 82.70 8.60
Metaxa2 78.00 0.00 . 78.00 22.00
Q2_Vs 10.90 1.30 . 10.90 87.80
Q2_BLAST 9.30 1.30 . 9.30 89.40
CT2 8.50 1.10 . 8.50 90.40
KNN 0.10 0.00 . 0.10 99.90
BLCA 0.00 0.00 . 0.00 100.00
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Table S63. Machine learning metrics computed for the dataset SP RDP ITS 90 at the phylum level.
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BTOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
CT1 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
CT2 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
HiTaC 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
HiTaC_Filter = 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
KTOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Metaxa2 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Microclass 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
NBC50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
NBC80 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Q2_SK 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
RDP50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
RDP80 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00

SINTAX50 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
SINTAX80 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00

TOP 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
KNN 99.90 98.15 99.90 74.29 99.95 99.90 75.00 100.00 99.90 73.61 99.90 99.79 73.61 99.90
Q2_VSs 99.84 99.91 99.84 74.97 99.92 99.84 75.00 100.00 99.84 74.93 99.84 99.69 74.93 99.84
Q2_BLAST 99.74 99.85 99.74 74.94 99.87 99.74 75.00 100.00 99.74 74.89 99.74 99.48 74.89 99.74
Qi 92.76 95.16 92.76 73.12 96.24 92.76 75.00 100.00 92.76 71.37 92.76 86.51 71.37 92.76
BLCA 92.51 82.79 92.51 67.31 96.03 92.51 75.00 100.00 92.51 62.09 92.51 86.06 62.09 92.51

SPINGO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table S64. Machine learning metrics computed for the dataset SP RDP ITS 90 at the class level.
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HiTaC 99.95 99.97 9995 99.97 9995 99.95 9998 99.95 9995 99.97 99.95 99.90 99.95 99.90
HiTaC_Filter  99.95 99.97 99.95 99.97 99.95 9995 9998 9995 9995 99.97 9995 99.90 99.95 99.90
CT2 99.90 99.95 9990 99.95 9990 99.90 9995 99.90 9990 99.95 99.90 99.79 99.90 99.79
BTOP 99.85 99.04 99.85 99.12 9985 99.85 99.33 99.86 99.85 99.04 99.85 99.70 98.37 99.71
Microclass 99.84 99.04 99.84 99.12 99.84 99.84 99.33 99.86 99.84 99.04 99.84 99.69 98.37 99.70
Q2_SK 99.84 99.04 99.84 99.12 99.84 99.84 99.33 99.86 99.84 99.04 99.84 99.69 98.37 99.70
Q2 Vs 99.79 99.92 99.79 9469 99.87 99.79 9472 99.95 99.79 9466 99.79 99.59 9464 99.74
TOP 99.74  99.01 99.74 99.02 99.74 99.74 99.17 99.76 99.74  99.01 99.74 99.48 98.17 99.50
Q2_BLAST 99.69 99.88 99.69 94.67 99.82 99.69 94.72 99.95 99.69 94.62 99.69 99.38 94.61 99.64
Metaxa2 99.69 9895 99.69 99.05 99.69 99.69 99.28 99.70 99.69 98.95 99.69 99.38 98.23 99.39
RDP50 99.59 98.93 9959 98.83 9959 99.59 98.88 99.61 9959 98.93 9959 99.18 97.81 99.20
KTOP 99.53 9890 99.53 9890 99.53 99.53 99.04 9955 99.53 98.90 99.53 99.07 97.94 99.09
NBC80 99.53 98.90 9953 94.17 99.74 9953 9472 99.95 9953 93.69 99.53 99.07 93.68 99.48
RDP80 99.53 98.90 99.53 9417 99.74 99.53 9472 99.95 99.53 93.69 99.53 99.07 93.68 99.48

SINTAX80 99.53 98.90 99.53 9417 99.74 9953 9472 9995 99.53 93.69 99.53 99.07 93.68 99.48
SINTAX50 99.53 98.90 99.53 9414 99.66 99.53 94.67 99.79 9953 9369 9953 99.07 93.63 99.33

CT1 99.53 98.90 99.53 93.79 9956 99.53 94.00 99.60 99.53 93.69 99.53 99.07 9296 99.14
NBC50 99.53 98.90 99.53 93.78 99.59 9953 93.96 99.65 9953 9369 9953 99.07 92.92 99.19
KNN 98.60 9156 98.60 88.95 99.15 98.60 9472 9995 98.60 86.74 9860 97.25 86.73 98.55
Q1 92.61 9246 9261 9040 96.03 92.61 9410 99.86 92.61 8759 9261 86.24 86.96 92.47
BLCA 9235 9180 9235 90.00 9571 9235 9410 99.85 9235 86.96 9235 85.79 86.33 92.21
SPINGO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table S65. Machine learning metrics computed for the dataset SP RDP ITS 90 at the order level.
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Microclass 98.24 9421 9824 9280 9829 9824 93.34 9846 9824 92,66 9824 96,55 91.38 97.24
HiTaC 98.19 90.49 98.19 89.42 98.07 98.19 90.38 98.07 98.19 89.01 9819 9645 88.04 97.10
HiTaC_Filter ~98.19 90.49 98.19 88.01 98.17 98.19 8899 9826 98.19 8757 98.19 96.45 86.69 97.29
Q2_VSs 98.14 89.79 98.14 87.08 9820 98.14 87.39 9830 98.14 86.89 98.14 96.35 86.03 97.34
TOP 98.09 94.09 98.09 9265 9814 98.09 93.17 9831 98.09 9255 98.09 96.25 91.09 96.95
Q2_SK 98.09 93.78 98.09 91.13 9828 98.09 91.93 9859 98.09 90.76 98.09 96.25 89.59 97.22
BTOP 98.07 93.84 98.07 9257 9810 98.07 93.31 9828 98.07 9230 98.07 96.21 90.99 96.89
Q2_BLAST  97.98 9102 97.98 8847 98.11 97.98 89.06 98.30 97.98 8808 97.98 96.05 8727 97.13
KTOP 97.93 9411 97.93 9247 97.98 9793 92.83 9819 97.93 9256 97.93 9595 90.77 96.67
RDP50 97.93 94.04 9793 91.07 98.02 9793 9155 9826 97.93 91.00 97.93 9595 89.46 96.74
CT1 97.88 94.02 97.88 90.99 97.95 97.88 9142 98.16 97.88 90.99 97.88 9585 89.32 96.63
NBC50 97.88 94.01 97.88 91.14 98.04 97.88 91.70 9835 97.88 90.98 97.88 9585 89.59 96.78
CT2 97.88 86.64 97.88 8442 97.88 97.88 8558 98.01 97.88 83.85 97.88 9585 8278 96.84
RDP80 97.83 93.74 97.83 91.34 9825 97.83 9235 98.80 97.83 90.71 97.83 9575 89.97 97.18
SINTAX50 97.83 9362 97.83 9120 98.18 97.83 9222 9867 97.83 90.60 97.83 9575 89.73 97.05
NBC80 97.78 93.32 9778 91.11 9822 97.78 9235 98.80 97.78 90.31 97.78 9565 89.56 97.13
Metaxa2 97.21 9223 9721 8945 97.18 9721 9113 97.88 97.21 89.26 9721 9457 87.38 95.69
SINTAX80 97.11 89.60 97.11 8775 9775 97.11 89.12 9855 97.11 8671 97.11 9437 8597 96.46
KNN 93.23 6833 9323 68.02 9470 9323 7218 96.81 93.23 66.12 9323 87.32 6574 92.80
Qi 91.37 87.92 9137 8773 9468 9137 9202 9875 9137 8509 9137 84.11 84.08 90.71
BLCA 90.44 8670 90.44 86.87 93.71 90.44 9173 98.39 9044 83.90 90.44 8255 8273 89.49
SPINGO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table S66. Machine learning metrics computed for the dataset SP RDP ITS 90 at the family level.
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HiTaC 95.09 87.88 95.09 8495 9486 95.09 8589 95.51 95.09 8568 95.09 90.64 82.74 92.60
HiTaC_Filter =~ 93.95 86.27 93.95 83.33 9447 9395 8537 9639 9395 83.60 9395 88.60 81.18 9240
TOP 93.90 89.21 93.90 8449 93.77 9390 85.44 9514 9390 85.91 93.90 88.50 82.01 90.90
Microclass 93.85 89.90 9385 8435 9392 93.85 84.74 95.02 93.85 8552 93.85 88.41 81.67 90.87
BTOP 93.75 8895 93.75 8430 9387 93.75 8558 9538 93.75 85.65 93.75 88.23 81.39 90.89
KTOP 93.44 88.40 93.44 83.12 93.18 9344 84.02 94.61 93.44 8460 93.44 87.68 80.41 89.98
CT1 93.33 87.73 93.33 81.73 9323 93.33 8241 9463 9333 8345 9333 87.50 78.84 90.00
RDP50 93.23 88.85 93.23 84.01 93.31 93.23 85.26 9512 93.23 85.03 93.23 87.32 81.34 90.13
NBC50 93.18 88.83 93.18 84.08 9340 93.18 8572 9546 93.18 85.02 93.18 87.23 81.54 90.37
Q2_SK 93.13 89.02 93.13 8543 9392 93.13 8732 96.14 93.13 85.73 93.13 87.14 82.64 90.88
SINTAX50 92.66 86.44 9266 8290 9346 92,66 8514 9597 9266 8324 9266 86.33 80.39 90.64
Q2 Vs 91.73 81.38 91.73 76.48 92.00 91.73 78.97 9433 91.73 77.89 91.73 84.73 73.63  89.32
NBC80 9163 86.39 9163 8379 9290 91.63 86.47 96.00 91.63 83.71 91.63 8455 81.19 90.04
RDP80 91.52 86.51 9152 83.78 92.80 91.52 86.42 9597 9152 83.82 9152 8437 8130 89.97
Q2_BLAST 91.37 8222 9137 77.09 9190 91.37 7894 93.71 91.37 78.21 91.37 84.11 7417 88.85
SPINGO 91.27 86.17 91.27 8328 9274 9127 86.36 9599 9127 8298 91.27 83.94 80.34 89.64
CT2 91.27 79.08 9127 7412 9151 91.27 76.16 9354 9127 7522 9127 8394 71.10 88.62
Metaxa2 90.49 83.06 90.49 7990 90.85 90.49 8214 93.72 9049 80.48 9049 82.63 76.74 87.22
SINTAX80 87.65 7713 8765 77.70 90.33 87.65 83.05 9564 8765 76.15 87.65 78.01 7428 86.71
Q1 87.29 81.03 87.29 7945 90.37 87.29 83.41 95.34 8729 78.03 87.29 77.44 7512 85.07
BLCA 86.93 81.64 86.93 79.39 89.98 86.93 83.12 95.21 86.93 78.61 86.93 76.87 75.13 84.88
KNN 80.16 53.99 80.16 5566 8355 80.16 61.78 90.70 80.16  53.31 80.16 66.88 52.70 79.56
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Table S67. Machine learning metrics computed for the dataset SP RDP ITS 90 at the genus level.
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HiTaC 69.46 5589 69.46 43.88 65.82 69.46 43.74 65.51 69.46 4745 69.46 53.21 4125 61.51
BTOP 63.65 5726 63.65 43.26 63.08 63.65 4423 68.20 63.65 45.81 63.65 46.68 40.44 57.69
Microclass 62.74 56.93 62.74 42.74 61.97 62.74 43.30 64.98 62.74 45.45 62.74 45.71 39.92 56.97
KTOP 62.43 56.09 62.43 42.29 61.26 62.43 43.13 64.00 62.43 45.14 62.43 45.38 39.43 56.14
TOP 62.38 56.63 62.38 4243 61.28 62.38 43.03 64.04 6238 4530 62.38 4532 39.73 56.32
CT1 61.45 5153 6145 3834 5995 6145 3846 61.71 61.45 4155 6145 4435 3557 5499
NBC50 61.34 55.04 61.34 4413 60.65 61.34 45.57 64.31 61.34 46.25 61.34 44.24 41.25 55.92
RDP50 61.09 54.83 61.09 44 11 60.59 61.09 45.41 64.37 61.09 46.27 61.09 43.97 41.23 55.70
HiTaC_Filter =~ 59.95 46.92 59.95 4251 58.84 5995 4394 63.32 59.95 4436 59.95 4280 39.97 54.80
Q2_SK 59.28 53.63 59.28 43.23 59.27 59.28 44.92 64.77 59.28 45.25 59.28 42.12 40.56 54.52
Q1 58.81 52.45 58.81 41.91 59.78  58.81 4487 67.48 58.81 43.20 58.81 4165 38.49 53.64
SINTAX50 57.52 49.40 57.52 42.74 57.55 57.52 44.55 61.66 57.52 44.58 57.52 40.37 40.05 53.01
Metaxa2 56.74 47.63 56.74 39.35 56.82 56.74 4143 6219 56.74 41.02 56.74 39.61 36.75 51.90
BLCA 56.23 49.12 56.23 40.17 57.93 56.23 43.20 66.30 56.23 41.03 56.23 39.11 36.97 52.27
Q2_VS 55,50 4252 5550 3492 5330 5550 34.73 5464 5550 38.45 5550 38.41 32,55 4945
SPINGO 53.39 4762 5339 4190 5443 53.39 4416 60.34 53.39 43.07 53.39 36.41 39.25 49.70
Q2_BLAST 53.13 40.53 53.13 33.79 5169 53.13 3425 5426 53.13 36.73 53.13 36.17 3123 47.16
NBC80 52.66 46.40 52.66 41.73 53.56 52.66 44.34 60.25 52.66 42.71 52.66 35.74 39.22 49.31
RDP80 52.61 46.95 52.61 42.37 53.64 52.61 44.98 60.72 52.61 43.21 52.61 35.69 39.98 49.42
CT2 5256 3755 5256 31.00 50.70 5256 31.10 52.81 52.56 3426 5256 35.65 2857 46.47
SINTAX80 44.08 34.72 44.08 33.29 45.93 44.08 36.60 53.02 44.08 33.28 44.08 28.27 31.16 41.95
KNN 31.01 16.11 31.01 16.20 33.47 31.01 18.32 39.74  31.01 15.80 31.01 18.35 14.80 29.76

Fabio Miranda, Vasco Azevedo, Rommel Ramos, Bernhard Renard and Vitor Piro

77 of 103



Table S68. Machine learning metrics computed for the dataset SP RDP ITS 90 at the species level.
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BLCA 0.00 0.00 0.00 000 0.00 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00
BTOP 0.00 0.00 0.00 000 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00
CT1 0.00 0.00 0.00 000 000 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00
CT2 0.00 0.00 0.00 000 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00
HiTaC 0.00 0.00 0.00 000 000 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00
HiTaC_Filter 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00
KNN 0.00 0.00 0.00 000 000 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00
KTOP 0.00 0.00 0.00 000 000 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00
Metaxa2 0.00 0.00 0.00 000 000 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00
Microclass 0.00 0.00 0.00 000 0.00 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00
NBC50 0.00 0.00 0.00 000 000 0.00 0.00 000 000 000 0.00 0.00 0.00 0.00
NBC80 0.00 0.00 0.00 000 0.00 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00
Q1 0.00 0.00 0.00 000 000 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00
Q2_BLAST 0.00 0.00 0.00 000 0.00 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00
Q2_SK 0.00 0.00 0.00 000 000 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00
Q2_VS 0.00 0.00 0.00 000 0.00 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00
RDP50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
RDP80 0.00 0.00 0.00 000 000 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00

SINTAX50 0.00 000 000 000 0.00 0.00 0.00 0.00 0.00 000 000 000 000 0.00
SINTAX80 0.00 000 000 000 0.00 0.00 0.00 0.00 0.00 000 000 000 0.00 0.00
SPINGO 0.00 000 000 000 0.00 0.00 0.00 0.00 0.00 000 000 000 000 0.00
TOP 0.00 000 000 000 000 0.00 0.00 0.00 0.00 000 000 000 000 0.00

78 of 103 Fabio Miranda, Vasco Azevedo, Rommel Ramos, Bernhard Renard and Vitor Piro



Table S69. Machine learning metrics computed for the dataset SP RDP ITS 95 at the phylum level.
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BTOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
CT1 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
CT2 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
HiTaC 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
HiTaC_Filter ~ 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
KNN 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
KTOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Metaxa2 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Microclass 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
NBC50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
NBC80 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Q2_BLAST 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Q2_SK 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Q2_VSs 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
RDP50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
RDP80 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00

SINTAX50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
SINTAX80 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00

TOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Qi 99.84 99.91 99.84 74.97 99.92 99.84 75.00 100.00 99.84 74.94 99.84 99.68 74.94 99.84
BLCA 95.89 92.69 95.89 72.07 97.87 95.89 75.00 100.00 95.89 69.51 95.89 92.10 69.51 95.89
SPINGO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table S70. Machine learning metrics computed for the dataset SP RDP ITS 95 at the class level.
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CT2 99.68 99.12 99.68 98.65 99.69 99.68 98.45 99.71 99.68 99.12 99.68 99.37 97.57 99.39
HiTaC 99.68 99.12 99.68 98.65 99.69 99.68 98.45 99.71 99.68 99.12 99.68 99.37 97.57 99.39

HiTaC_Filter ~ 99.68 99.12 99.68 98.65 99.69 99.68 9845 99.71 99.68 99.12 99.68 99.37 97.57 99.39
Q2_BLAST 99.68 99.12 99.68 98.65 99.69 99.68 98.45 99.71 99.68 99.12 99.68 99.37 97.57 99.39

Q2_Vs 99.68 99.12 99.68 98.65 99.69 99.68 98.45 99.71 99.68 99.12 99.68 99.37 97.57 99.39
CT1 99.60 99.00 99.60 98.58 99.61 99.60 98.42 99.63 99.60 99.00 99.60 99.21 9742 99.23
KTOP 99.60 99.00 99.60 98,57 99.61 99.60 98.41 99.63 99.60 99.00 99.60 99.21 97.40 99.23
TOP 99.60 99.00 99.60 98,57 99.61 99.60 98.41 99.63 99.60 99.00 99.60 99.21 97.40 99.23
BTOP 99.53 98.88 99.53 98.48 9953 9953 98.36 99.55 99.53 98.88 99.53 99.06 97.24 99.08
RDP50 99.53 98.88 99.53 98.48 99.53 9953 98.36 99.55 99.53 98.88 99.53 99.06 97.24 99.08

SINTAX50 99.53 98.88 99.53 93.04 99.57 99.53 9294 99.63 99.53 93.38 99.53 99.06 91.88 99.15
Microclass 9945 98.76 9945 9840 99.45 9945 9831 99.47 9945 9876 9945 98.90 97.07 98.92

Q2_SK 9945 98.76 9945 9298 9952 99.45 9294 99.63 9945 9327 9945 98.90 91.77 99.07
RDP80 99.45 9876 99.45 9298 9952 9945 9294 99.63 99.45 9327 9945 98.90 91.77  99.07
SINTAX80 99.45 98.76 9945 9298 99.52 99.45 9294 99.63 9945 9327 9945 98.90 91.77 99.07
NBC50 9945 98.76 9945 9295 99.49 9945 9289 9955 9945 9327 9945 98.90 91.72 99.00
Q1 99.37 98.79 9937 9297 9945 9937 9289 99.55 99.37 9330 99.37 98.74 91.75 98.92
NBC80 99.37 98.63 99.37 9292 99.48 99.37 9294 99.63 99.37 93.16 99.37 98.74 91.65 99.00
Metaxa2 99.37 98.63 99.37 92.89 99.44 9937 9289 99.55 99.37 93.16 99.37 98.74 91.60 98.92
KNN 98.74 9495 9874 91.00 99.17 98.74 9252 99.69 98.74 89.68 98.74 9750 88.68 98.46
BLCA 9542 9336 9542 90.08 9721 9542 9241 9949 9542 88.17 9542 9123 87.10 95.02
SPINGO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table S71. Machine learning metrics computed for the dataset SP RDP ITS 95 at the order level.
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HiTaC 99.13 9759 99.13 9578 99.17 99.13 96.49 99.30 99.13 95.75 99.13 98.28 9413 98.44
HiTaC_Filter  99.13 97.59 99.13 94.04 99.20 99.13 9478 99.38 99.13 9398 99.13 98.28 9246 98.51
Q2_Vs 99.13 96.34 99.13 94.31 99.21 99.13 9471 99.38 99.13 9452 99.13 98.28 93.00 98.59
Q2_BLAST 99.13  96.27 99.13 9424 99.17 99.13 9464 99.30 99.13 9445 99.13 98.28 92.86 98.52
KTOP 99.05 97.20 99.05 9580 99.06 99.05 96.93 99.19 99.05 9536 99.05 98.12 9419 98.25
TOP 99.05 97.20 99.05 9580 99.06 99.05 96.93 99.19 99.05 9536 99.05 98.12 9419 98.25
CT2 99.05 9535 99.05 93.64 99.12 99.05 9467 99.30 99.05 9355 99.05 98.12 91.99 98.44
SINTAX50 98.97 9712 9897 94.02 99.10 9897 9520 99.34 98.97 9352 98.97 97.97 9243 98.32
RDP50 98.97 97.00 9897 9549 9897 9897 96.62 99.13 98.97 95.17 98.97 97.97 93.68 98.11
CT1 98.89 9721 98.89 9500 9892 98.89 9566 99.08 98.89 9538 98.89 97.81 9293 97.99
BTOP 98.89 96.93 98.89 9544 9889 98.89 9658 99.05 98.89 9510 98.89 97.81 93.58 97.96
Microclass 98.89 96.93 98.89 9531 9889 98.89 9640 99.09 98.89 9510 98.89 97.81 93.38 97.98
RDP80 98.89 96.93 98.89 93.87 99.00 98.89 9517 99.27 98.89 93.34 98.89 97.81 9221 98.17
NBC50 98.89 96.93 98.89 93.68 9892 98.89 94.83 99.13 98.89 93.34 98.89 97.81 91.87 98.03
Q2_SK 98.81 96.85 98.81 93.81 9892 9881 9514 9920 98.81 93.26 98.81 97.66 92.11  98.02
Metaxa2 98.74 96.77 9874 9350 98.85 98.74 9468 99.16 98.74 93.19 98.74 9750 91.58 97.90
Q1 98.66 96.87 98.66 93.35 98.74 98.66 94.30 99.02 98.66 93.28 98.66 97.35 91.29 97.68
NBC80 98.66 96.74 98.66 93.79 9891 9866 9520 99.34 9866 93.16 98.66 97.35 92.07 98.00
SINTAX80 98.42 96.47 98.42 93.72 98.90 9842 9534 9957 9842 9289 98.42 96.89 91.94 97.99
BLCA 9478 90.84 9478 88.81 9650 94.78 91.17 98.98 94.78 87.47 9478 90.08 86.08 94.10
KNN 94.78 7555 94.78 76.32 96.07 94.78 82.04 98.38 94.78 7413 9478 90.08 73.15 94.36
SPINGO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table S72. Machine learning metrics computed for the dataset SP RDP ITS 95 at the family level.
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HiTaC 98.02 96.05 98.02 94.06 98.03 98.02 9426 98.37 98.02 94.76 98.02 96.12 9248 96.74
TOP 97.79 96.39 97.79 93.45 97.91 97.79 93.92 98.44 97.79 93.84 97.79 95.67 91.89 96.56
BTOP 97.79 96.33 97.79 9335 9789 97.79 9400 9856 97.79 93.78 97.79 9567 91.75 96.52
KTOP 97.79 96.10 97.79 9259 9792 97.79 93.32 9857 97.79 9294 97.79 95.67 90.92 96.57
RDP50 97.63 95.81 97.63 9273 97.64 9763 9322 98.21 97.63 9327 97.63 9537 91.17 96.28

Microclass 9755 9582 9755 9286 9767 97.55 9345 9826 9755 9328 9755 9522 91.02 96.21
HiTaC_Filter =~ 9755 94.83 9755 93.82 98.05 97.55 94.81 9894 9755 9356 9755 9522 9240 96.81
SINTAX50 97.31 9575 97.31 9328 97.74 97.31 9444 9874 9731 9321 9731 9477 9168 96.28

NBC50 97.31 9536 97.31 9189 9750 97.31 9263 9826 97.31 9223 97.31 9477 90.18 96.03
Q2_SK 9723 9526 9723 9274 9755 97283 93.75 9844 9723 9274 9723 9462 9119 96.15
Q1 97.15 9413 9715 9142 9725 9715 9248 9798 97.15 91.64 97.15 9447 8947 9551
CT1 97.00 92.06 97.00 89.15 96.81 97.00 89.34 97.17 97.00 90.22 97.00 94.17 86.98 95.06
SPINGO 96.84 95.05 96.84 9254 9744 96.84 93.63 98.66 96.84 9253 96.84 93.87 90.86 95.96
RDP80 96.84 94.92 96.84 93.07 9743 96.84 9423 9865 96.84 93.03 96.84 93.87 9136 95.97
NBC80 96.60 9480 96.60 93.06 97.32 96.60 9432 98.69 96.60 9291 96.60 9343 91.28 95.74
Metaxa2 96.28 91.68 96.28 89.61 96.69 96.28 90.60 97.87 96.28 89.84 96.28 92.84 87.79 94.98
SINTAX80 96.05 93.22 96.05 9244 97.02 96.05 93.97 9866 96.05 9197 96.05 9240 90.69 95.39
Q2_Vs 95.73 8719 9573 8593 9595 9573 86.73 96.83 9573 86.60 9573 91.81 83.74 94.17
CT2 95.65 84.34 9565 8279 9580 9565 83.82 96.60 9565 8320 9565 91.67 80.74 94.05
Q2_BLAST 9549 86.87 9549 8542 9576 9549 86.44 96.73 9549 86.28 9549 91.38 83.05 93.90
BLCA 9296 90.80 9296 88.47 9477 9296 90.51 9792 9296 87.81 9296 86.85 86.27 91.80
KNN 85.14 59.25 8514 61.04 8749 8514 6584 9192 85.14 5885 8514 7412 58.15 84.56
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Table S73. Machine learning metrics computed for the dataset SP RDP ITS 95 at the genus level.
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HiTaC 83.64 76.31 83.64 66.46 8244 83.64 66.64 8347 83.64 68.60 83.64 71.88 6426 78.77
Microclass 8198 77.03 8198 6565 82.00 8198 6654 8457 8198 67.33 8198 69.46 63.35 77.82
TOP 81.90 77.14 81.90 66.36  82.01 81.90 67.22 84.51 81.90 67.77 8190 69.34 64.26 78.03
BTOP 81.34 76.49 81.34 6520 8190 81.34 66.72 8537 81.34 66.52 81.34 6855 62.74 77.37
NBC50 81.11 76.34  81.11 66.84 81.36 81.11 67.76  84.16 81.11 68.27 81.11 68.22 64.62 77.33
RDP50 80.87 75.77 80.87 66.39 8124 80.87 6735 84.26 80.87 67.94 80.87 67.88 64.12 77.18
KTOP 80.79 7566 80.79 64.24 81.04 80.79 6542 84.18 80.79 6580 80.79 67.77 6195 76.96
Q1 80.71 72.72 80.71 61.90 80.29 80.71 62.53 82.14  80.71 63.40 80.71 67.66 59.61 76.35
Q2_SK 79.92 75.06 79.92 66.21 80.74 79.92 67.46 8449 79.92 6730 79.92 66.56 64.10 76.69
CT1 79.68 71.08 79.68 60.03 7956 79.68 60.70 81.82 7968 61.67 79.68 66.23 57.79 75.70
SINTAX50 79.60  73.91 79.60 66.19 80.28 79.60 6759 8346 79.60 67.14 7960 66.12 63.93 76.43
HiTaC_Filter ~79.60 71.69 79.60 66.33 7995 7960 6735 8259 7960 6723 7960 66.12 6422 76.28
SPINGO 77.00 7148 77.00 64.78 78.61 77.00 66.65 8322 77.00 6510 77.00 62.60 6249 74.39
RDP80 76.60 7235 76.60 66.35 78.14 76.60 6840 8246 76.60 66.59 76.60 62.08 64.01 73.95
NBC80 76.05 71.77 76.05 6586 77.78 76.05 6798 8232 76.05 66.06 76.05 61.35 6348 7354
Metaxa2 75.81 68.64  75.81 61.53 77.38 75.81 63.13 81.97 75.81 62.35 75.81 61.04 59.23 72.80
BLCA 75.18 70.18 75.18 62.12 76.89 75.18 63.98 81.71 75.18 62.60 75.18 60.23 59.90 72.56
Q2_VS 72.65 57.03 7265 5213 7215 7265 53.08 7463 7265 53.78 7265 57.05 49.89 68.29
Q2_BLAST 72.41 55.99 72.41 50.68 7164 7241 50.81 72.62 72.41 52.51 72.41 56.75 48.54 67.81
CT2 7115 51.83 7115  47.39 7043 71.15 4766 72.26 7115 4914 7115 55.21 45.39 66.76
SINTAX80 70.91 64.77 7091 62.10 73.62 70.91 64.97  79.61 70.91 61.41 70.91 54.93 59.73 69.22
KNN 46.01 24.46  46.01 25.16 49.58  46.01 28.20 58.94  46.01 2425 46.01 29.88 23.56 45.31
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Table S74. Machine learning metrics computed for the dataset SP RDP ITS 95 at the species level.
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BTOP 032 038 032 0.18 026 032 0.16 024 032 o0.21 032 0.16 0.16 0.22
KTOP 024 032 024 0.16 0.21 024 015 020 024 0.18 024 0.12 0.15 0.20
HiTaC 024 032 024 014 018 024 013 017 024 018 024 012 0.13 0.17

Microclass 024 032 024 014 018 024 013 017 024 0.18 024 042 0143 0.17
HiTaC_Filter 0.16 022 0.16 0.18 0.16 0.16 0.18 0.16 0.16 0.18 0.16 0.08 0.18 0.16
SINTAX50 0.16 022 0.16 0.15 0.16 0.16 0.15 0.16 0.16 0.15 0.16 0.08 0.15 0.16

Q2_SK 0.16 022 0.16 0.14 0.16 0.16 0.14 0.16 0.16 0.14 0.16 0.08 0.14 0.16
TOP 0.16 022 0.16 0.12 0.16 0.16 0.12 0.16 0.16 0.12 0.16 0.08 0.12 0.16
NBC50 0.16 022 o0.16 0.11 013 0.6 010 0.12 0.16 0.13 0.16 0.08 0.10 0.12
RDP50 0.16 022 0.16 0.11 013 0.6 0.10 0.12 0.16 0.13 0.16 0.08 0.10 0.12
Q2_BLAST 0.08 0.11 008 0.10 0.08 0.08 0.10 0.08 0.08 010 0.08 004 0.10 0.08
Q2_Vs 0.08 0.11 008 0.10 0.08 0.08 0.10 0.08 0.08 010 0.08 004 0.10 0.08
SINTAX80 0.08 0.11 008 009 0.08 0.08 009 0.08 0.08 009 008 004 009 0.08
NBC80 0.08 0.11 008 008 0.08 0.08 0.08 0.08 0.08 008 008 004 008 0.08
RDP80 0.08 0.11 008 008 0.08 0.08 0.08 0.08 0.08 008 008 004 008 0.08
SPINGO 0.08 0.11 008 008 0.08 0.08 0.08 0.08 0.08 008 008 004 008 0.08
BLCA 0.08 0.11 008 007 0.08 0.08 0.07 0.08 0.08 007 008 004 007 0.08
Q1 0.08 0.11 008 0.07 0.08 0.08 0.07 0.08 0.08 007 008 004 007 0.08
CTH1 0.00 000 000 000 0.00 0.00 0.00 0.00 0.00 000 000 000 0.00 0.00
CT2 0.00 000 000 000 0.00 0.00 0.00 0.00 0.00 000 000 000 0.00 0.00
KNN 0.00 000 000 000 0.00 0.00 0.00 0.00 0.00 000 000 000 000 0.00
Metaxa2 0.00 000 000 000 000 0.00 0.00 0.00 0.00 000 000 000 0.00 0.00
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Table S75. Machine learning metrics computed for the dataset SP RDP ITS 97 at the phylum level.
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BTOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
CT1 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
CT2 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
HiTaC 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
HiTaC_Filter ~ 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
KTOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Microclass 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
NBC50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
NBC80 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Q2_BLAST 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Q2_SK 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
RDP50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
RDP80 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00

SINTAX50 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
SINTAX80 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00

TOP 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Q2_VS 99.93 99.98 99.93 85.71 99.96 99.93 85.71 100.00 99.93 85.70 99.93 99.86 85.70 99.93
Q1 99.93 99.96 99.93 85.70 99.96 99.93 85.71 100.00 99.93 85.68 99.93 99.86 85.68 99.93
KNN 99.86 66.67 99.86 57.14 99.86 99.86 57.14 99.86 99.86 57.14 99.86 99.72 57.14 99.86
Metaxa2 99.86 66.67 99.86 57.14 99.86 99.86 57.14 99.86 99.86 57.14 99.86 99.72 57.14 99.86
BLCA 94.51 53.31 94.51 50.01 97.07 94.51 57.14 99.86 94.51 45.69 94.51 89.59 45.69 94.51

SPINGO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table S76. Machine learning metrics computed for the dataset SP RDP ITS 97 at the class level.
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BTOP 99.93 99.96 99.93 99.94 9993 99.93 99.92 99.93 9993 99.96 99.93 99.86 99.88 99.86
CT2 99.93 99.96 99.93 99.94 9993 99.93 99.92 99.93 9993 99.96 99.93 99.86 99.88 99.86
HiTaC 99.93 99.96 99.93 99.94 9993 99.93 99.92 99.93 9993 99.96 99.93 99.86 99.88 99.86
HiTaC_Filter ~ 99.93 99.96 99.93 99.94 99.93 99.93 99.92 99.93 99.93 99.96 99.93 99.86 99.88 99.86
KTOP 99.93 99.96 99.93 99.94 9993 99.93 99.92 99.93 9993 99.96 99.93 99.86 99.88 99.86
Microclass 99.93 99.96 99.93 99.94 9993 99.93 99.92 99.93 9993 99.96 99.93 99.86 99.88 99.86
NBC50 99.93 99.96 99.93 99.94 9993 99.93 99.92 9993 9993 99.96 99.93 99.86 99.88 99.86
NBC80 99.93 99.96 99.93 99.94 9993 99.93 99.92 99.93 9993 99.96 99.93 99.86 99.88 99.86
Q2_SK 99.93 99.96 99.93 99.94 9993 99.93 99.92 99.93 9993 99.96 99.93 99.86 99.88 99.86
RDP50 99.93 99.96 99.93 99.94 9993 99.93 99.92 99.93 9993 99.96 99.93 99.86 99.88 99.86
RDP80 99.93 99.96 99.93 99.94 99.93 99.93 99.92 9993 99.93 99.96 99.93 99.86 99.88 99.86
SINTAX50 99.93 99.96 99.93 99.94 9993 99.93 99.92 99.93 9993 99.96 99.93 99.86 99.88 99.86
TOP 99.93 99.96 99.93 99.94 99.93 99.93 99.92 9993 99.93 99.96 99.93 99.86 99.88 99.86
Q2_BLAST 99.86 99.88 99.86 99.88 99.86 99.86 99.89 99.86 99.86 99.88 99.86 99.72 99.77 99.72
CT1 99.86 99.88 99.86 94.90 99.89 99.86 9492 99.93 99.86 94.88 99.86 99.72 94.81 99.79
Q2_VS 99.86 99.88 99.86 9490 99.89 99.86 9492 99.93 99.86 94.88 99.86 99.72 94.81 99.79
SINTAX80 99.86 99.88 99.86 9490 99.89 99.86 9492 9993 9986 94.88 99.86 99.72 94.81 99.79
Qi 99.79 99.86 99.79 9490 99.86 99.79 9492 99.93 99.79 9487 99.79 9958 9479 99.72
Metaxa2 99.72 89.35 99.72 8490 99.75 99.72 84.92 99.79 99.72 84.88 99.72 99.44 84.81 99.65
KNN 98.10  82.41 98.10 80.98 98.88 98.10 84.91 99.78 98.10 7829 98.10 96.27 78.22 98.04
BLCA 94.44 8154 9444 8043 96.73 9444 8492 99.79 9444 7746 9444 8946 77.39 94.37
SPINGO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table S77. Machine learning metrics computed for the dataset SP RDP ITS 97 at the order level.

g 3 3
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BTOP 99.44 98.34 99.44 97.67 9951 99.44 9825 99.69 99.44 98.34 99.44 98.88 9659 99.12
KTOP 99.44 98.34 99.44 97.67 99.51 99.44 9825 99.69 99.44 98.34 99.44 9888 9659 99.12
Microclass 99.44 9834 99.44 97.67 9951 99.44 9825 99.69 99.44 98.34 99.44 98.88 9659 99.12
NBC50 99.44 98.34 99.44 97.67 9951 99.44 9825 99.69 99.44 98.34 99.44 98.88 9659 99.12
NBC80 99.44 98.34 99.44 97.67 9951 99.44 9825 99.69 99.44 98.34 99.44 98.88 9659 99.12
Q2_SK 99.44 98.34 99.44 97.67 9951 99.44 9825 99.69 99.44 98.34 9944 9888 9659 99.12
RDP50 99.44 98.34 99.44 97.67 9951 99.44 9825 99.69 99.44 98.34 99.44 98.88 9659 99.12
RDP80 99.44 98.34 99.44 97.67 9951 99.44 9825 99.69 99.44 98.34 9944 9888 9659 99.12
TOP 99.44 98.34 99.44 97.67 9951 99.44 9825 99.69 99.44 9834 99.44 98.88 9659 99.12
SINTAX50 99.37 9827 99.37 96.11 99.48 99.37 96.71 99.69 99.37 96.74 99.37 98.74 9501 99.05
HiTaC 99.37 9814 9937 97.34 99.44 99.37 97.85 99.63 99.37 9814 99.37 9874 9599  99.00
HiTaC_Filter ~ 99.37 98.14 99.37 96.04 99.47 99.37 9671 99.69 99.37 96.61 99.37 98.74 9488 99.05
SINTAX80 99.30 9816 99.30 96.08 99.47 99.30 96.75 99.75 99.30 96.63 99.30 98.60 94.94 99.05
Q1 99.30 98.14 99.30 9584 99.44 99.30 96.36 99.70 99.30 96.60 99.30 98.60 94.53  99.00
Q2_Vs 99.30 9671 99.30 94.37 99.44 99.30 9480 99.70 99.30 9520 99.30 98.60 93.13  99.07
Q2 BLAST  99.30 96.71 99.30 94.36 9941 9930 9479 9963 99.30 9520 99.30 9860 93.11  99.00
CT1 99.23 97.98 9923 9569 99.34 9923 96.23 9956 99.23 96.45 9923 9846 9424 98.79
CT2 99.23 96.62 99.23 9425 99.34 99.23 9468 9956 99.23 9511 99.23 98.46 9291 98.86
Metaxa2 99.01 9472 99.01 9281 99.26 99.01 93.62 99.61 99.01 9324 99.01 98.05 9155 98.77
KNN 9585 78.05 9585 76.82 97.09 9585 78.00 9855 9585 76.83 9585 9202 7515 9567
BLCA 93.87 90.37 93.87 89.59 96.14 93.87 92.02 99.48 93.87 88.96 9387 8845 87.23 93.56
SPINGO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table S78. Machine learning metrics computed for the dataset SP RDP ITS 97 at the family level.
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TOP 99.23 98.28 99.23 97.07 99.26 99.23 9740 99.55 9923 97.65 99.23 9846 96.33 98.85
BTOP 99.16  97.95 99.16 96.34 99.21 99.16 96.78 99.52 99.16 96.71 99.16  98.33  95.61 98.79
KTOP 99.15 9825 99.15 97.02 99.19 99.15 97.33 9949 99.15 97.62 99.15 98.32 96.24 98.71
Microclass 99.08 98.23 99.08 96.98 99.12 99.08 97.28 99.44 99.08 97.60 99.08 98.19 96.16  98.59
NBC50 99.08 98.23 99.08 96.98 99.12 99.08 97.28 99.44 99.08 97.60 99.08 98.19 96.16  98.59
Q2_SK 99.08 9823 99.08 96.98 99.12 99.08 97.28 99.44 99.08 97.60 99.08 98.19 96.16  98.59
RDP50 99.08 98.23 99.08 96.98 99.12 99.08 97.28 99.44 99.08 97.60 99.08 98.19 96.16  98.59
RDP80 99.08 9823 99.08 96.42 99.19 99.08 96.78 99.55 99.08 96.98 99.08 98.19 95.67 98.71
NBC80 99.01 98.20 99.01 96.62 99.17  99.01 97.09 99.58 99.01 96.95 99.01 98.05 9596 98.67
SINTAX50 98.94 98.09 9894 96.35 99.11 98.94 96.78 99.55 9894 96.84 98.94 97.91 95.53 98.56
HiTaC 98.94 9796 98.94 96.11 99.02 98.94 96,55 99.43 9894 96.71 98.94 97.91 95.17 9845
HiTaC_Filter 98.87 97.93 98.87 9562 99.05 98.87 96.16 99.55 98.87 96.07 98.87 97.77 94.77 98.49
SPINGO 98.73 97.79 98.73 96.15 9899 98.73 96.77 99.54 98.73 96.54 98.73 9750 9523 98.36
CT1 98.66 9524 98.66 93.44 9866 98.66 93.84 9895 98.66 94.03 98.66 97.36 9236 97.98
Q1 98.45 97.76 98.45 9597 9860 9845 96.44 99.09 9845 96.52 9845 96.95 9488 97.64
SINTAX80 98.31 96.58  98.31 95.75 98.67  98.31 96.76  99.48  98.31 95.96  98.31 96.68 94.64 97.93
Metaxa2 98.10 93.36 98.10 9223 9847 98.10 93.27 99.16 98.10 92.17 98.10 96.27 91.18 97.76
Q2_VS 9739 9375 9739 9187 9763 9739 93.12 9843 9739 9197 9739 9492 90.16 96.19
Q2_BLAST 97.39 93.70 97.39 9085 97.66 97.39 91.68 9845 9739 91.34 97.39 94.92 89.31 96.40
CT2 96.41 89.39 96.41 88.18 96.59 96.41 90.06 97.68 96.41 88.25 96.41 93.07 85.96 94.80
BLCA 93.38 90.80 93.38 8955 9545 93.38 91.10 98.74 93.38 89.08 93.38 87.58 87.99  93.02
KNN 85.63 6432 8563 66.23 8840 8563 7156 93.77 8563 6390 8563 7488 63.78 85.46
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Table S79. Machine learning metrics computed for the dataset SP RDP ITS 97 at the genus level.
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HiTaC 9155 89.31 9155 84.36 90.79 9155 8515 9167 9155 8507 9155 8442 8267 87.69
Microclass 91.06 89.41 91.06 8424 90.74 9106 8525 91.99 91.06 8472 91.06 83.58 8249 87.23
TOP 90.99 89.33 90.99 84.40 90.42 90.99 8549 9158 90.99 84.86 90.99 8346 8270 87.12
KTOP 90.99 89.33 90.99 83.85 90.46 90.99 8479 91.49 90.99 8442 90.99 8346 82.09 87.07
BTOP 90.85 89.60 90.85 84.53 90.38 90.85 8555 91.38 90.85 84.90 90.85 8324 82.87 86.93
NBC50 90.56 88.93 90.56 83.93 90.21 90.56 84.75 91.37 90.56 84.48 90.56 8275 82.24 86.91
RDP50 90.49 88.82 90.49 8421 90.25 90.49 8512 91.41 90.49 84.60 90.49 82.64 8249 86.89
Q2_SK 89.08 88.05 89.08 83.73 89.23 89.08 8478 91.09 89.08 84.09 89.08 80.32 82.03 8577
SINTAX50 88.94 86.85 8894 83.12 89.01 88.94 8469 91.02 8894 8317 8894 80.09 81.30 8553
CT1 87.89 80.70 87.89 73.99 87.24 8789 7478 8841 87.89 7470 87.89 78.39 7207 83.55
HiTaC_Filter ~87.68 85.02 87.68 82.36 88.63 87.68 8413 9130 87.68 8207 87.68 78.06 80.66 85.16
Qi 87.18 8275 87.18 7523 86.91 87.18 76.43 8863 87.18 7563 87.18 77.28 73.06 8273
SPINGO 86.48 84.67 86.48 8203 87.85 86.48 8456 91.69 8648 81.50 86.48 76.18 80.10 84.16
NBC80 86.41 8542 86.41 8263 87.60 86.41 8476 91.15 86.41 8224 86.41 76.07 8096 84.13
RDP80 86.34 84.90 86.34 8229 8750 86.34 84.33 91.00 86.34 81.95 86.34 7596 8057 84.07
Metaxa2 84.93 7812 8493 7457 8565 8493 76.62 88.17 8493 7422 8493 73.81 7262 81.69
BLCA 8296 79.28 8296 7561 8427 8296 78.68 88.81 8296 7492 8296 70.88 73.47 80.50
SINTAX80 8225 78.99 8225 77.74 8393 8225 80.18 8836 8225 77.07 8225 69.86 76.00 80.48
Q2_BLAST  78.03 6561 78.03 61.17 7767 78.03 6209 79.97 78.03 6217 78.03 63.97 5894 73.27
Q2_VS 7789 65.86 77.89 6248 77.83 77.89 64.02 80.80 77.89 63.06 77.89 63.78 60.26 73.33
CT2 7599 61.01 7599 56.97 7540 7599 58.02 78.05 7599 57.96 7599 6127 5494 71.13
KNN 48.03 30.70 48.03 31.76 51.49 48.03 34.66 59.27 48.03 30.62 48.03 31.60 30.18 47.16
Fabio Miranda, Vasco Azevedo, Rommel Ramos, Bernhard Renard and Vitor Piro 89 of 103



Table S80. Machine learning metrics computed for the dataset SP RDP ITS 97 at the species level.
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TOP 366 494 366 275 354 366 271 350 366 284 366 187 271 3.50
HiTaC 366 489 366 275 360 366 273 358 366 280 366 187 272 3.56
BTOP 3.66 4.84 3.66 2.66 3.50 3.66 2.62 3.44 3.66 2.78 3.66 1.86 2.62 3.44
Microclass 359 484 359 273 348 359 270 345 359 281 359 183 270 3.45
KTOP 3.52 4.75 3.52 2.64 3.35 3.52 2.59 3.30 3.52 2.77 3.52 1.79 2.59 3.30
Q2_SK 345 465 3.45 3.01 339 345 299 337 345 306 345 176 299 337
RDP50 345 465 345 288 339 345 286 337 345 293 345 176 286 3.37
NBC50 3.45 4.65 3.45 2.86 3.39 3.45 2.84 3.37 3.45 2.91 3.45 1.76 2.84 3.37
SINTAX50 3.17 4.27 3.17 2.84 3.05 3.17 2.79 3.00 3.17 2.95 3.17 1.61 2.79 3.00
NBC80 3.03 408 303 294 300 303 293 299 303 296 3.03 154 293 299
SPINGO 3.03 408 303 282 293 303 279 290 3.03 291 3.03 154 279 290
RDP80 2.96 3.99 2.96 2.88 2.93 2.96 2.86 2.92 2.96 2.90 2.96 1.50 2.86 2.92
HiTaC_Filter 289 3.89 289 292 284 289 290 282 289 297 289 146 290 282
BLCA 2.61 3.51 2.61 2.27 2.54 2.61 2.25 2.52 2.61 2.33 2.61 1.32 2.25 2.52
SINTAX80 239 323 239 260 237 239 258 236 239 262 239 1.21 258 236
Q1 1.69 2.28 1.69 1.40 1.62 1.69 1.37 1.58 1.69 1.46 1.69 0.85 1.37 1.58
Q2_BLAST 0.77 1.04 077 1.01 0.77 0.77 1.01 0.77 0.77 1.01 0.77 039 1.01 0.77
Q2_VsS 070 095 070 092 070 070 092 070 070 092 070 035 092 0.70
CT1 0.56 0.76 0.56 0.43 0.48 0.56 0.40 0.45 0.56 0.50 0.56 0.28 0.40 0.45
Metaxa2 035 047 035 0.31 0.31 035 028 028 035 036 035 018 028 0.28
CT2 0.21 0.28 0.21 0.28 0.21 0.21 0.28 0.21 0.21 0.28 0.21 0.11 0.28 0.21
KNN 0.00 0.00 0.00 0.00 000 000 0.00 0.00 0.00 000 000 0.00 0.00 o0.00
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Table S81. Machine learning metrics computed for the dataset SP RDP ITS 99 at the phylum level.
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BTOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
CT1 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
CT2 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
HiTaC 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
HiTaC_Filter ~ 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
KTOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Microclass 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
NBC50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
NBC80 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Q2_SK 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
RDP50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
RDP80 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00

SINTAX50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
SINTAX80 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00

TOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Metaxa2 99.97 95.00 99.97 80.95 99.99 99.97 83.33 100.00 99.97 79.17 99.97 99.95 79.17 99.97
Q2_BLAST 99.90 99.96 99.90 83.32 99.95 99.90 83.33 100.00 99.90 83.30 99.90 99.80 83.30 99.90
Q2_Vs 99.87 99.95 99.87 83.31 99.94 99.87 83.33 100.00 99.87 83.29 99.87 99.75 83.29 99.87
KNN 99.77 69.56 99.77 60.93 99.86 99.77 66.67 99.97 99.77 57.97 99.77 99.54 57.97 99.77
Q1 99.75 99.90 99.75 83.29 99.87 99.75 83.33 100.00 99.75 83.25 99.75 99.49 83.25 99.75
BLCA 95.21 89.50 95.21 78.46 97.51 95.21 83.33 100.00 95.21 74.58 95.21 90.86 74.58 95.21

SPINGO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table S82. Machine learning metrics computed for the dataset SP RDP ITS 99 at the class level.

5 3 3
g £ o £ B 8
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BTOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
HiTaC 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
HiTaC_Filter ~ 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
KTOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Microclass 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
NBC50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
NBC80 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Q2_SK 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
RDP50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
RDP80 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
SINTAX50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
TOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
SINTAX80 99.97 99.99 99.97 96.15 99.99 99.97 96.15 100.00 99.97 96.14 99.97 99.95 96.14 99.97
CT1 99.87 98.23 99.87 98.73 99.87 99.87 99.51 99.88 99.87 98.23 99.87 99.75 97.75 99.75
Q2_VS 99.70 99.50 99.70 95.74 99.76 99.70 95.83 99.82 99.70 95.67 99.70 99.39 95.35 99.52
Qi 99.70 98.91 99.70 95.48 99.82 99.70 95.87 99.95 99.70 95.10 99.70 99.39 94.89 99.65
Q2_BLAST 99.70 98.17 99.70 94.98 99.76 99.70 95.83 99.82 99.70 94.39 99.70 99.39 94.07 99.52
CT2 99.70 98.16 99.70 94.87 99.72 99.70 95.62 99.75 99.70 94.38 99.70 99.39 93.87 99.45
Metaxa2 99.65 92.82 99.65 90.52 99.80 99.65 92.31 99.97 99.65 89.25 99.65 99.29 89.25 99.65
KNN 97.85 66.37 97.85 65.80 98.75 97.85 69.23 99.75 97.85 63.82 97.85 95.78 63.82 97.85
BLCA 95.18 91.29 95.18 89.76 97.36 95.18 92.31 99.95 95.18 87.78 95.18 90.81 87.78 95.18
SPINGO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table S83. Machine learning metrics computed for the dataset SP RDP ITS 99 at the order level.
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BTOP 99.97 99.97 99.97 99.98 99.97 99.97 99.99 99.98 99.97 99.97 99.97 99.95 99.97 99.95
HiTaC 99.97 99.97 99.97 99.98 99.97 99.97 99.99 99.97 99.97 99.97 99.97 99.95 99.97 99.95
HiTaC_Filter  99.97 99.97 99.97 99.98 99.97 99.97 99.99 99.97 99.97 99.97 99.97 9995 99.97 99.95
Microclass 99.97 99.97 99.97 99.98 99.97 99.97 99.99 99.97 99.97 99.97 99.97 99.95 99.97 99.95
KTOP 99.95 99.97 9995 9998 99.95 99.95 99.99 9995 9995 9997 99.95 99.90 99.95 99.90
NBC50 99.95 99.97 9995 99.98 99.95 99.95 99.99 9995 9995 9997 99.95 99.90 99.95 99.90
RDP50 99.95 99.97 9995 99.98 99.95 99.95 99.99 9995 9995 9997 99.95 99.90 99.95 99.90
TOP 99.95 99.97 9995 99.98 99.95 99.95 99.99 9995 9995 9997 99.95 99.90 99.95 99.90
Q2_SK 99.95 99.97 9995 98.82 99.96 99.95 98.83 99.97 9995 9880 99.95 99.90 98.80 99.92
SINTAX50 99.95 99.97 9995 98.82 99.96 99.95 98.83 99.97 9995 9880 99.95 99.90 98.80 99.92
SINTAX80 99.92 9996 99.92 98.81 99.95 99.92 98.83 99.97 99.92 98.80 99.92 99.85 98.79 99.90
NBC80 99.92 9996 99.92 98.81 99.94 99.92 98.83 9995 99.92 9880 99.92 99.85 98.78 99.87
RDP80 99.92 9996 99.92 98.81 99.94 99.92 98.83 99.95 99.92 98.80 99.92 99.85 98.78 99.87
Qi 99.39 99.22 99.39 9831 99.54 99.39 9858 99.70 99.39 98.07 99.39 98.79 97.83 99.10
CT1 99.29 9729 99.29 9531 99.33 99.29 96.30 99.43 99.29 9506 99.29 98,59 93.68 98.73
Q2_VS 99.04 96.20 99.04 9544 99.13 99.04 96.24 99.27 99.04 9508 99.04 98.09 93.86 98.41
Q2_BLAST 98.91 95.71 98.91 95.15 99.02 98.91 96.22 99.19 98.91 9460 98.91 97.84 93.35 98.21
Metaxa2 98.66 87.63 98.66 88.26 99.14 98.66 90.69 99.70 98.66 86.61 98.66 97.35 86.61 98.63
CT2 98.45 89.42 98.45 88.31 98.59 9845 91.04 9887 9845 8737 9845 96.95 8554 97.58
BLCA 95.16 9455 9516 95.16 97.20 95.16 97.67 9991 9516 9346 9516 90.76 93.45 95.14
KNN 93.16  56.50 93.16 58.16 9537 983.16 61.62 97.97 93.16 55.84 93.16 87.19  55.83 93.13
SPINGO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table S84. Machine learning metrics computed for the dataset SP RDP ITS 99 at the family level.

> - °
g g o £ - 3
3 e S S S 5 ° 8 o o £
< S ] 9o = S 2 o < S o o 2
< = s = = = = 5 o K= L2 ] )
> o P © © c c c - © () = = ;
s S 2 2 S o o o o = = = T B B
2 5 < ] S 8 1] (7] ] = = = 5 5 5
£ 3 S 2 g 9 2 8 8 S S 3 S g g
Q © - - - = f - (] (7] [ © © ©
= < (1] w w w o o o o oc o ] = =
BTOP 99.97 9994 99.97 99.97 99.97 99.97 100.00 99.98 99.97 99.94 99.97 99.95 99.94 99.95
HiTaC 99.97 99.94 99.97 99.97 99.97 99.97 100.00 99.97 99.97 99.94 99.97 99.95 99.94 99.95

HiTaC_Filter =~ 99.95 99.94 9995 9955 99.96 99.95 99.58 99.97 99.95 99.52 99.95 9990 99.52 99.92
Microclass 99.95 99.92 99.95 99.93 99.95 99.95 99.95 99.95 99.95 99.92 99.95 99.90 99.88 99.90

KTOP 99.92  99.92 99.92 99.93 99.92 99.92 99.95 99.93 99.92 99.92 99.92 99.85 99.87 99.85
NBC50 99.92 1 99.92 99.92 99.93 99.92 99.92 99.95 99.93 99.92 99.92 99.92 99.85 99.87 99.85
RDP50 99.92 99.92 99.92 99.93 99.92 99.92 99.95 99.93 99.92 99.92 99.92 99.85 99.87 99.85
TOP 99.92 1 99.92 99.92 99.87 99.93 99.92 99.85 99.93 99.92 99.92 99.92 99.85 99.77 99.86
Q2_SK 99.90 99.87 99.90 99.49 99.92 99.90 99.53 99.95 99.90 9946 99.90 99.80 99.41 99.85
NBC80 99.87 99.87 99.87 99.51 99.92 99.87 99.58 99.97 99.87 9945 99.87 99.75 99.45 99.85
SINTAX50 99.87 99.87 99.87 99.51 99.92 99.87 99.58 99.97 99.87 9945 99.87 99.75 99.45 99.85
SPINGO 99.87 99.87 99.87 99.51 99.92 99.87 99.58 99.97 99.87 9945 99.87 99.75 99.45 99.85
RDP80 99.87 99.87 99.87 99.49 99.91 99.87 99.53 99.95 99.87 9945 99.87 99.75 99.41 99.83
SINTAX80 99.80 99.73 99.80 99.44 99.88 99.80 99.58 99.97 99.80 99.32 99.80 99.60 99.32 99.77
Q1 99.06 98.67 99.06 98.18 99.21  99.06 98.24 99.42 99.06 98.27 99.06 98.14 97.36 98.52
CT1 97.95 91.67 97.95 90.84 97.99 97.95 91.94 98.31 97.95 90.91 9795 9598 8842 96.60
Metaxa2 96.22 8442 96.22 86.31 9759 96.22 89.67 99.29 96.22 84.07 96.22 9272 84.07 96.20
Q2_VSs 96.10 85.90 96.10 85.98 96.45 96.10 87.93 9723 96.10 85.19 96.10 9249 8296 94.29
Q2_BLAST 9556 84.96 9556 85.19 96.09 95.56 87.84 97.28 9556 8426 9556 9150 81.85 93.75
BLCA 95.13 9548 9513 96.60 97.08 95.13 99.17 99.91 9513 95.08 9513 90.72 95.08 95.12
CT2 93.81 7740 93.81 78.02 94.44 93.81 82.26 96.00 9381 76.45 93.81 8835 73.78 91.58
KNN 80.84 4520 80.84 4858 8531 80.84 55.78 92,72 80.84 4501 80.84 67.84 45.01 80.81
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Table S85. Machine learning metrics computed for the dataset SP RDP ITS 99 at the genus level.
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TOP 99.52 99.64 9952 99.05 99.58 99.52 99.11 99.69 99.52 99.04 99.52 99.04 98.89 99.27
HiTaC 99.49 99.48 99.49 99.08 99.51 99.49 99.15 99.61 99.49 99.12 99.49 98.99 98.88 99.17
Microclass 99.44 99.45 99.44 98.96 99.48 99.44 99.04 9958 99.44 98.97 99.44 9889 98.75 99.11
BTOP 99.37 99.49 99.37 98.86 99.42 99.37 98.89 9951 99.37 98.89 99.37 98.76 98.66 99.02
KTOP 99.37 99.42 99.37 98.82 99.43 99.37 98.90 9955 99.37 98.83 99.37 98.74 98.60 99.02
RDP50 99.32 99.38 99.32 98.88 99.39 99.32 99.02 9958 99.32 98.90 99.32 98.64 98.64 98.97
NBC50 99.29 99.37 9929 98.86 99.35 9929 9898 9952 9929 98.89 9929 9859 98.61 98.91
Q2_SK 99.24 99.36 99.24 99.15 99.38 99.24 99.30 99.64 99.24 99.12 9924 9849 9891 98.95
SINTAX50 99.21 99.35 9921 98.89 99.39 9921 99.05 99.69 99.21 98.87 9921 9844 9864 98.96
SPINGO 98.99 99.24 98.99 99.26 99.27 9899 99.55 99.73 98.99 99.12 9899 97.99 99.03 98.79
RDP80 98.86 99.12 98.86 99.03 99.23 98.86 99.30 99.76 98.86 98.88 98.86 97.74 98.79  98.71
NBC80 98.81 99.08 98.81 99.01 99.22 9881 99.31 9979 98.81 98.84 9881 97.65 98.75 98.68
HiTaC_Filter ~ 98.78 98.83 98.78 98.99 99.19 98.78 99.47 99.80 98.78 98.71 98.78 97.60 98.68 98.68
SINTAX80 97.97 98.08 97.97 98.30 9860 97.97 99.03 99.72 97.97 97.96 97.97 96.02 97.96 97.90
Qf 9554 90.51 9554 88.93 9549 9554 89.74 96.04 9554 89.11 9554 9146 87.22 93.34
BLCA 94.32 9526 9432 9569 9599 94.32 97.30 99.07 94.32 9491 9432 89.25 9475 94.16
CT1 9222 7941 9222 7550 91.66 9222 7587 9205 9222 7672 9222 8556 7274 88.53
Metaxa2 89.05 73.05 89.05 7458 91.32 89.05 77.84 9473 89.05 72.78 89.05 80.26 72.72 88.90
Q2_Vs 81.42 5870 8142 5774 8120 81.42 5906 8286 8142 5821 8142 6866 5494 76.70
Q2 _BLAST  80.15 5587 80.15 5513 79.88 80.15 56.89 81.52 80.15 5541 80.15 66.88 51.89 74.96
CT2 77.08 4732 77.08 4666 76.91 77.08 4879 7921 77.08 4670 77.08 6271 4372 72.02
KNN 4798 1558 47.98 17.03 53.01 47.98 20.14 62.89 47.98 1556 47.98 3157 1556 47.96
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Table S86. Machine learning metrics computed for the dataset SP RDP ITS 99 at the species level.
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HiTaC 72.98 77.61 72.98 66.47 71.65 72.98 66.12 71.59 72.98 67.79 72.98 57.45 65.69 70.56
BTOP 72.59 76.78 72.59 65.60 71.13 72.59 65.17 71.02 72.59 67.05 72.59 56.97 64.78 70.03
Microclass 72.32 76.87 72.32 65.90 70.72 72.32 65.42 70.32 72.32 67.38 72.32 56.64 65.15 69.72
TOP 72.29 76.98 72.29 65.95 70.96 72.29 65.64 70.92 72.29 67.25 72.29 56.61 65.16 69.86
KTOP 7163 7635 7163 6539 70.06 7163 6489 69.70 7163 66.89 71.63 55.81 64.56 68.96
NBC50 68.59  73.81 68.59 63.59 66.98 6859 63.06 66.51 68.59 65.10 68.59 5220 62.85 66.05
RDP50 68.29  73.51 68.29 63.36 66.73 6829 6286 66.30 6829 6482 6829 51.85 62.64 65.81
SINTAX50 68.24 73.34 68.24 65.11 67.26 68.24 64.80 67.13 68.24 66.10 68.24 51.79 64.51 66.50
Q2_SK 66.89 7237 66.89 63.74 6580 66.89 6335 6548 66.89 64.81 66.89 50.26 63.21 65.15
SPINGO 65.73 71.08 65.73 64.70 65.31 65.73 64.65 6556 65.73 6524 65.73 48.95 6423 64.68
NBC80 64.06 69.53 64.06 6243 63.15 64.06 6212 6296 64.06 63.35 64.06 4712 6196 62.60
RDP80 63.90 69.36 6390 6249 63.03 6390 6218 62.82 6390 63.37 6390 46.95 62.04 6251
HiTaC_Filter 63.45 68.82 63.45 6345 63.15 6345 6345 6347 6345 63.89 6345 4646 63.07 62.62
BLCA 63.07 67.98 63.07 60.21 62.32 63.07 60.01 62.43 63.07 61.10 63.07 46.06 59.58 61.47
SINTAX80 5790 63.39 5790 59.76 57.73 5790 59.79 58.01 57.90 60.06 57.90 40.74 59.44 57.31
Qi 36.91 39.50 36.91 32.19 3493 36.91 31.41 34.14  36.91 34.02 36.91 22.63 31.33 33.90
CT1 27.10 28.42 27.10 21.62 24.50 27.10 20.67 23.47 27.10 23.93 27.10 15.67 20.59 23.28
Metaxa2 23.12 24.39 23.12 22.58 22.69 23.12 22.45 22.71 23.12 23.05 23.12 13.07 22.27 22.32
Q2_VSs 7.25 8.1 7.25 7.81 7.11 7.25 7.74 7.04 7.25 7.97 7.25 3.76 7.74 7.04
Q2_BLAST 5.75 6.43 5.75 6.22 5.65 5.75 6.17 5.61 5.75 6.33 5.75 2.96 6.17 5.61
CT2 2.94 3.24 2.94 3.18 2.90 2.94 3.16 2.89 2.94 3.21 2.94 1.49 3.16 2.89
KNN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table S87. Machine learning metrics computed for the dataset SP RDP ITS 100 at the phylum level.
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BTOP 100.00 100.00 100.00 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
CT1 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
CT2 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
HiTaC 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
HiTaC_Filter ~ 100.00  100.00  100.00 100.00 100.00  100.00 100.00 100.00  100.00 100.00 100.00 100.00  100.00  100.00
KTOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Metaxa2 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Microclass 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Q1 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Q2_BLAST  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Q2_SK 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Q2_Vs 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00 100.00  100.00
RDP50 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
RDP80 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00 100.00  100.00
SINTAX50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
SINTAX80 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
TOP 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
KNN 99.81 53.42  99.81 4815  99.88  99.81 50.00  99.96  99.81 46.74  99.81 99.63  46.74  99.81
BLCA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SPINGO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table S88. Machine learning metrics computed for the dataset SP RDP ITS 100 at the class level.
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BTOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
HiTaC 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HiTaC_Filter ~ 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
KTOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Microclass 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Q2_SK 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
RDP50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
RDP80 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00

SINTAX50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
SINTAX80 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00

TOP 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Q1 99.99 100.00 99.99 100.00 99.99 99.99 100.00 99.99 99.99 100.00 99.99 99.99 99.99 99.99
CT1 99.93 99.97 99.93 99.97 99.93 99.93 99.97 99.93 99.93 99.97 99.93 99.86 99.94 99.86
Metaxa2 99.88 96.39 99.88 93.41 99.94 99.88 93.55 99.99 99.88 93.28 99.88 99.76 93.28 99.88
Q2_Vs 99.74 99.64 99.74 96.46 99.75 99.74 96.51 99.77 99.74 96.42 99.74 99.48 96.16 99.51

Q2_BLAST 99.73 99.63 99.73 96.46 99.75 99.73 96.51 99.77 99.73 96.42 99.73 99.47 96.16 99.50
CT2 99.67 99.46 99.67 96.34 99.69 99.67 96.44 99.70 99.67 96.25 99.67 99.34 95.92 99.38
KNN 98.15 57.88 98.15 57.92 98.91 98.15 61.29 99.77 98.15 56.01 98.15 96.37 56.01 98.15
BLCA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

SPINGO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

98 of 103 Fabio Miranda, Vasco Azevedo, Rommel Ramos, Bernhard Renard and Vitor Piro



Table S89. Machine learning metrics computed for the dataset SP RDP ITS 100 at the order level.
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BTOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
HiTaC 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
HiTaC_Filter = 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
KTOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Microclass 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Q2_SK 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
RDP50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
RDP80 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

SINTAX50 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
SINTAX80 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00

TOP 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Q1 99.96 98.99 99.96 97.98 99.96 99.96 97.95 99.96 99.96 98.02 99.96 99.93 97.93 99.93
CTH1 99.79 96.50 99.79 95.55 99.79 99.79 95.59 99.79 99.79 95.55 99.79 99.59 95.07 99.60
Metaxa2 99.69 94.19 99.69 93.67 99.83 99.69 94.12 99.97 99.69 93.26 99.69 99.39 93.26 99.69
Q2_VSs 99.05 95.17 99.05 94.94 99.18 99.05 96.01 99.36 99.05 94.24 99.05 98.11 93.32 98.48
Q2_BLAST 98.96 92.88 98.96 92.73 99.11 98.96 93.98 99.31 98.96 91.97 98.96 97.94 90.97 98.35
CT2 98.73 89.11 98.73 89.55 98.91 98.73 91.94 99.17 98.73 88.24 98.73 97.49 87.19 98.00
KNN 94.37 54.20 94.37 56.59 96.34 94.37 60.78 98.68 94.37 53.67 94.37 89.34 53.67 94.37
BLCA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

SPINGO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table S90. Machine learning metrics computed for the dataset SP RDP ITS 100 at the family level.
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BTOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HiTaC 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HiTaC_Filter ~ 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
KTOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Microclass 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
SINTAX50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00

SPINGO 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
TOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Q2_SK 99.99 100.00 99.99 99.65 100.00 99.99 99.66 100.00 99.99 99.65 99.99 99.99 99.65 99.99
RDP50 99.99 100.00 99.99 99.65 100.00 99.99 99.66 100.00 99.99 99.65 99.99 99.99 99.65 99.99
RDP80 99.99 99.82 99.99 99.54 99.99 99.99 99.66 100.00 99.99 99.48 99.99 99.98 99.48 99.99
SINTAX80 99.98 99.96 99.98 99.63 99.99 99.98 99.66 100.00 99.98 99.61 99.98 99.95 99.61 99.98
Qi 99.83 98.12 99.83 97.75 99.82 99.83 97.73 99.81 99.83 97.79 99.83 99.66 97.58 99.68
CTH1 99.47 94.39 99.47 94.10 99.45 99.47 94.23 99.45 99.47 94.06 99.47 98.95 93.47 99.02
Metaxa2 99.22 92.31 99.22 92.64 99.54 99.22 93.45 99.88 99.22 91.99 99.22 98.44 91.99 99.22
Q2_VSs 96.37 86.84 96.37 87.49 96.84 96.37 89.87 97.68 96.37 86.54 96.37 92.99 84.68 94.68
Q2_BLAST 96.14 85.71 96.14 86.55 96.72 96.14 89.49 97.72 96.14 85.41 96.14 92.58 83.29 94.40
CT2 95.76 81.91 95.76 84.00 96.46 95.76 88.57 97.57 95.76 81.63 95.76 91.86 79.69 93.92
KNN 84.75 45.98 84.75 49.49 89.04 84.75 56.21 95.75 84.75 45.82 84.75 73.54 45.82 84.75
BLCA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table S91. Machine learning metrics computed for the dataset SP RDP ITS 100 at the genus level.
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BTOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HiTaC 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
KTOP 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Microclass 99.99 99.99 99.99 100.00 99.99 99.99 100.00 99.99 99.99 99.99 99.99 99.99 99.99 99.99
TOP 99.99 99.99 99.99 99.99 99.99 99.99 100.00 99.99 99.99 99.99 99.99 99.99 99.99 99.99
SINTAX50 99.99 99.98 99.99 99.91 100.00 99.99 99.92 100.00 99.99 99.90 99.99 99.99 99.90 99.99
SPINGO 99.98 99.97 99.98 99.90 99.99 99.98 99.92 100.00 99.98 99.89 99.98 99.96 99.89 99.98
Q2_SK 99.97 99.87 99.97 99.80 99.97 99.97 99.81 99.98 99.97 99.79 99.97 99.94 99.77 99.95
RDP50 99.96 99.88 99.96 99.80 99.96 99.96 99.81 99.96 99.96 99.79 99.96 99.93 99.77 99.93
HiTaC_Filter 99.95 99.89 99.95 99.82 99.97 99.95 99.83 99.99 99.95 99.81 99.95 99.90 99.81 99.95
RDP80 99.91 99.70 99.91 99.66 99.94 99.91 99.73 99.97 99.91 99.62 99.91 99.83 99.59 99.90
SINTAX80 99.76 99.53 99.76 99.58 99.86 99.76 99.75 99.99 99.76 99.45 99.76 99.53 99.45 99.76
Qi 98.97 95.51 98.97 95.49 98.92 98.97 95.83 98.96 98.97 95.43 98.97 97.97 94.69 98.21
CT1 98.16 89.35 98.16 88.94 97.95 98.16 89.02 97.88 98.16 89.28 98.16 96.38 87.59 96.83
Metaxa2 97.68 87.58 97.68 88.28 98.35 97.68 89.35 99.13 97.68 87.51 97.68 95.47 87.51 97.68
Q2_VS 84.27 57.74 84.27 57.93 84.36 84.27 60.28 86.12 84.27 57.70 84.27 72.82 54.91 79.63
Q2_BLAST 83.62 54.73 83.62 55.23 83.76 83.62 58.25 85.78 83.62 54.69 83.62 71.85 51.70 78.68
CT2 82.90 51.40 82.90 53.84 83.51 82.90 60.63 86.41 82.90 51.36 82.90 70.79 48.51 77.99
KNN 57.61 17.43 57.61 19.13 62.89 57.61 23.20 73.90 57.61 17.42 57.61 40.46 17.42 57.61
BLCA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table S92. Machine learning metrics computed for the dataset SP RDP ITS 100 at the species level.
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BTOP 99.99 99.99 9999 99.99 99.99 99.99 99.99 100.00 99.99 99.99 99.99 99.99 99.99 99.99
HiTaC 99.97 99.99 99.97 99.98 99.97 99.97 99.98 99.98 99.97 99.99 99.97 99.94 99.97 99.95
TOP 99.56 99.50 99.56 99.43 99.51 99.56  99.50 99.60 99.56 9950 99.56 99.12 99.24 99.28
KTOP 99.45 9948 9945 99.37 99.39 99.45 99.45 99.54 99.45 9948 9945 9890 99.14 99.11

Microclass 99.38 99.14 99.38 99.07 99.25 99.38 99.13 99.28 99.38 99.14 9938 9877 98.84 98.94
HiTaC_Filter ~97.78 97.80 97.78 98.12 98.24 97.78 98.75 99.10 97.78 97.78 97.78 9566 97.78 97.78
SINTAX50 9750 97.08 9750 97.32 97.83 97.50 98.00 98.70 9750 97.07 9750 9513 96.86 97.22

SPINGO 96.77 96.43 96.77 97.01 9752 96.77 98.16 98.97 96.77 96.42 96.77 93.74 96.42 96.77
RDP50 96.19 93.95 96.19 93,57 9547 96.19 93.81 95.50 96.19 93.94 96.19 92,67 92,69 94.30
Q2_SK 95.33 9322 9533 93,51 9560 9533 94.39 96.53 9533 9321 9533 91.09 9280 94.72
RDP80 93.02 89.86 93.02 90.09 93.13 93.02 91.08 94.13 93.02 89.85 93.02 86.96 89.20 92.00
SINTAX80 86.18 85.13 86.18 86.39 87.82 86.18 89.10 91.41 86.18 85.12 86.18 7571 85.11 86.16
Qi 83.71 7371 8371 7229 81.98 83.71 7242 82.05 83.71 73.70 8371 7199 69.80 78.91
CT1 82,65 70.33 82.65 68.46 80.39 8265 68.33 80.17 8265 70.32 8265 70.44 6578 77.14
Metaxa2 7798 66.12 7798 67.30 7950 77.98 69.70 82.59 7798 66.11 7798 63.90 66.10 77.97
Q2_VS 10.90 9.90 10.90 9.81 10.70  10.90 10.00 11.01 10.90 9.90 10.90 5.76 9.50 10.19
Q2_BLAST 9.27 8.10 9.27 8.08 9.17 9.27 8.39 9.60 9.27 8.10 9.27 4.86 7.76 8.65
CT2 8.53 6.86 8.53 7.80 9.49 8.53 9.83 11.79 8.53 6.86 8.53 4.45 6.61 8.01

KNN 0.07 0.01 0.07 0.01 0.07 0.07 0.01 0.08 0.07 0.01 0.07 0.03 0.01 0.07
BLCA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

102 of 103 Fabio Miranda, Vasco Azevedo, Rommel Ramos, Bernhard Renard and Vitor Piro



References

10.

11.

12.

13.

14.
15.

16.

17.
18.

. RC Edgar, Accuracy of taxonomy prediction for 16s rrna and fungal its sequences. PeerJ 6, e4652 (2018).
. EW Sayers, et al., Database resources of the national center for biotechnology information. Nucleic acids research 40,

D13-D25 (2012).

. JR Cole, et al., Ribosomal database project: data and tools for high throughput rrna analysis. Nucleic acids research 42,

D633-D642 (2014).

. V Deshpande, et al., Fungal identification using a bayesian classifier and the warcup training set of internal transcribed

spacer sequences. Mycologia 108, 1-5 (2016).

. U Koljalg, et al., Unite: a database providing web-based methods for the molecular identification of ectomycorrhizal fungi.

New Phytol. 166, 10631068 (2005).

. F Pedregosa, et al., Scikit-learn: Machine learning in python. J. machine learning research 12, 2825-2830 (2011).
. FM Miranda, N Koéhnecke, BY Renard, Hiclass: a python library for local hierarchical classification compatible with

scikit-learn. J. Mach. Learn. Res. 24, 1-17 (2023).

. J Koster, S Rahmann, Snakemake—a scalable bioinformatics workflow engine. Bioinformatics 28, 2520-2522 (2012).
. X Gao, H Lin, K Revanna, Q Dong, A bayesian taxonomic classification method for 16s rrna gene sequences with improved

species-level accuracy. BMC bioinformatics 18, 247 (2017).

SF Altschul, W Gish, W Miller, EW Myers, DJ Lipman, Basic local alignment search tool. J. molecular biology 215,
403-410 (1990).

PD Schloss, et al., Introducing mothur: open-source, platform-independent, community-supported software for describing
and comparing microbial communities. Appl. Environ. Microbiol. 75, 7537-7541 (2009).

J Bengtsson-Palme, et al., Metaxa2: improved identification and taxonomic classification of small and large subunit rrna
in metagenomic data. Mol. Ecol. Resour. 15, 1403-1414 (2015).

KH Liland, H Vinje, L Snipen, microclass: an r-package for 16s taxonomy classification. BMC bioinformatics 18, 172
(2017).

JG Caporaso, et al., Qiime allows analysis of high—-throughput community sequencing data. Nat. Methods 7, 335 (2010).
NA Bokulich, et al., Optimizing taxonomic classification of marker-gene amplicon sequences with qiime 2’s q2-feature-
classifier plugin. Microbiome 6, 1-17 (2018).

Q Wang, GM Garrity, JM Tiedje, JR Cole, Naive bayesian classifier for rapid assignment of rrna sequences into the new
bacterial taxonomy. Appl. Environ. Microbiol. 73, 5261-5267 (2007).

R Edgar, Sintax: a simple non-bayesian taxonomy classifier for 16s and its sequences. BioRziv p. 074161 (2016).

G Allard, FJ Ryan, IB Jeffery, MJ Claesson, Spingo: a rapid species-classifier for microbial amplicon sequences. BMC
bioinformatics 16, 324 (2015).

Fabio Miranda, Vasco Azevedo, Rommel Ramos, Bernhard Renard and Vitor Piro 103 of 103



	Supporting Information Text
	Evaluation
	Datasets
	Evaluation Metrics
	Default metrics from the TAXXI benchmark
	Standard machine learning metrics
	Hierarchical machine learning metrics

	Resources benchmark




