SUPPLEMENTARY MATERIALS
to the article E.V. Malyugin, D.A. Afonnikov
“OrthoML2GO: homology-based protein function prediction using orthogroups and machine learning”

Table S1. Information about sequences and annotations

Species name Annotation source  Number of sequences Sequence source Annotation link

Arabidopsis TAIR 27,655 Araport11 https://www.arabidopsis.org/download/list?dir=
thaliana GO_and_PO_Annotations%2FGene_Ontology_
Annotations
Homo sapiens EBI Gene Ontology 19,763 UniProtKB https://current.geneontology.org/products/pages/
Annotation downloads.html
Database
Drosophila FlyBase 28,543 FlyBase https://current.geneontology.org/products/pages/
melanogaster (includes isoforms) downloads.html
Solanum SpuDB 40,722 SpudDB https://spuddb.uga.edu/dm_v6_1_download.shtml
tuberosum (includes isoforms)
Danio rerio ZFIN 33,428 UniProtKB https://current.geneontology.org/products/pages/
(includes isoforms) downloads.html
Chlamydomonas PhycoCosm 16,090 PhycoCosm https://genome.jgi.doe.gov/portal/
reinhardtii pages/dynamicOrganismDownload.
jsf?organism=ChlreiCC4532_1

Oryza sativa RGAP 34,226 RGAP https://rice.uga.edu/download_osalr7.shtml
(includes isoforms)

Access date for all databases: January 2025.

Table S2. Machine learning parameters

Short name Description

Tdentity Percentage of identical residues in the aligned regions of query and target %)
2.Querycoverage Percentage of the query sequence aligned to the target %)
3 Targetcoverage Percentage of the target sequence aligned to the query %)
4.Coverageratio Ratio of query coverage to target coverage %)
S.Querylength Total number of amino acid residues in the query sequence
6.Targetlength Total number of amino acid residues in the target sequence
7.length difference Difference between query and target lengths
‘8.Bitscore Normalized alignment quality score computed by the USEARCH algorithm
9. Number of differences  Total number of non-identical positions in the alignment. Includes both mismatches and gaps
10.Gok% Frequency of a GO term for the query among all itshomologs
1RMSD Root mean square deviation of amino acid frequencies between query and target

Table S3. Distribution of sequences in the training and test sets for the combined dataset

Species name Proportion (%) For training For testing
. Amb, do ps,s tha/,ana ........................................ 16 2 ........................................... 3 1 17 ................................................ 3 247 ...........................................

Homo . mplens .................................................. ”6 ........................................... 5302 ................................................ 2 321 ............................................

. D ro soph,/a : me/ a nogaster .................................. 37 ........................................... 4 339 ................................................ 1735 ...........................................

5 O/a n umwb erosu m ........................................ 251 .......................................... 12 5 65 ................................................ 5 026 ...........................................

Damoreno ....................................................... 142 ........................................... 7082 ................................................ 2 333 ...........................................

. Ch/amydomonas remhardt” ............................. 41 ............................................ 2 044 .................................................. 3 18 ...........................................

. o ryzasa t,va ..................................................... 201 .......................................... 10 0 51 ................................................ 4 020 ...........................................
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E.V. Malyugin OrthoML2GO: prediction
D.A. Afonnikov of protein functions by homology

Table S4. Dependence of the prediction performance of Arabidopsis thaliana proteins on the parameter k
for the KNN, OG, and KNN+OG

The highest F1-score values for each prediction method are highlighted in bold.

Arabidopsis

thaliana 50064 78288 81848 83370 84427 85075
""""""""""""""""""""" 55076 75830 83714 88792 93149 97234
""""""""""""""""""""" 07282 69958 66398 64876 63819 63171
""""""""""""""""""""" 4806 5080 4944 4843 4754 4667
""""""""""""""""""""" 3438 5281 5521 5624 5695 5739
""""""""""""""""""""" #m22 5180 5232 5233 5225 5203
""""""""""""""""""""""" N LT

51904 52646 52714 52682 52628 52591
""""""""""""""""""""" 57056 56813 57144 57603 57966 58399
""""""""""""""""""""" 96342 95600 95532 95564 95618 905655
"""""""""""""""""""" 4764 4810 4798 4777 4759 4738
""""""""""""""""""""" 3501 3551 3556 3554 3550 3548
"""""""""""""""""""" M3 480 4177 465 4154 4143
"""""""""""""""""""" 4036 40.86 4085 4075 4066 4057

59523 80183 83425 84866 85897 86566
"""""""""""""""""""" 66608 79463 86882 92156 96729 101193
"""""""""""""""""""" 88723 68063 64821 63380 62349 61680
"""""""""""""""""""" 4719 5023 4899 4794 4703 4610
"""""""""""""""""""" 4015 5409 5627 5725 5794 5839
"""""""""""""""""""" 4367 5216 5263 5259 5249 5225
"""""""""""""""""""" 4339 5200 5238 5218 5192 5153
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Table S5. Dependence of the prediction performance of Homo sapiens proteins on the parameter k
for the KNN, OG, and KNN+OG

The highest F1-score values for each prediction method are highlighted in bold.

Homo sapiens

131087 170362 188604 198406 204878 209641
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Table S6. Dependence of the prediction performance of Drosophila melanogaster proteins on the parameter k
for the KNN, OG, and KNN+OG

The highest F1-score values for each prediction method are highlighted in bold.

Drosophila
melanogaster 58928 66842 69357 70072 70551 70865

32540 38720 41629 42565 43314 43943
""""""""""""""""""""" iy e messmwe
""""""""""""""""""""" o en aw am ess em
""""""""""""""""""""" 3 o eswe T hm e
""""""""""""""""""""" oo eas e ew e s

""""""""""""""""""""" oa e essears eemaem

50104 51961 52658 52954 53131 53282
""""""""""""""""""""" N T e
""""""""""""""""""""" o amss aess age aaonaasen
""""""""""""""""""""" si e esioen e e
""""""""""""""""""""" ws0 aw meUsmasan
""""""""""""""""""""" sois s sesssers s sem
""""""""""""""""""""" o7 s s s sars semn

67145 71077 72753 73298 73725 73977
"""""""""""""""""""" sesis i e ama asa s
"""""""""""""""""""" oo i aerrasasemaw
"""""""""""""""""""" e e ean as Uasas
"""""""""""""""""""" T e
"""""""""""""""""""" o em an an e asn
"""""""""""""""""""" e as am ass s as
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Table S7. Dependence of the prediction performance of Solanum tuberosum proteins on the parameter k
for the KNN, OG, and KNN+OG

The highest F1-score values for each prediction method are highlighted in bold.

Solanum
tuberosum

100451 108212 112471 113883 114766
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Table S8. Dependence of the prediction performance of Danio rerio proteins on the parameter k for the KNN, OG, and KNN+OG
The highest F1-score values for each prediction method are highlighted in bold.

Danio rerio

88585 113577 119431 120557 121046 121447
""""""""""""""""""""""" 14537 2067 23113 24919 26502 27980
""""""""""""""""""""""" 96997 72005 66151 65025 64536 64135
""""""""""""""""""""""" 8590 848 8379 8287 8204 8128
""""""""""""""""""""""" 4773 6120 6435 6496 6523 6544
""""""""""""""""""""""" 6682 7303 7407 7392 7363 7336
"""""""""""""""""""""""" L R T AL

109259 109618 109852 110044 110154 110319
""""""""""""""""""""""" 17350 17290 17334 1734 1735 17373
""""""""""""""""""""""" 76323 75964 75730 75538 75428 75263
""""""""""""""""""""""" 8630 8638 8637 8640 8639 839
""""""""""""""""""""""" 887 5907 5919 5930 5936 5044
""""""""""""""""""""""" 7259 7272 7278 7285 7287 7292
""""""""""""""""""""""" 6099 7016 7025 7033 7037 7043

123510 124789 125567 126028 126355 126725
""""""""""""""""""""""" 21765 23970 25952 27545 20069 30522
""""""""""""""""""""""" 62072 60793 60015 59554 59227 58857
""""""""""""""""""""""" 8502 8389 8287 806 8130 859
""""""""""""""""""""""" 6655 6724 6766 6791 6809 6829
""""""""""""""""""""""" 7579 7556 7527 7499 7469 7444
""""""""""""""""""""""" 7466 7465 7450 7432 7411 7393

6 Vavilovskii Zhurnal Genetiki i Selektsii / Vavilov Journal of Genetics and Breeding - 202529 .7



E.B. Mantorvx OrthoML2GO: npefckasaHue 2025
[.A. AboHHMKOB dYHKLUIA 6ETKOB MO roMoNornu 29.7

Table S9. Dependence of the prediction performance of Chlamydomonas reinhardtii proteins on the parameter k
for the KNN, OG, and KNN+OG

The highest F1-score values for each prediction method are highlighted in bold.

Chlamydomonas

reinhardtii 10141 10252 10299 10306 10340 10351
""""""""""""""""""" 27821 20027 29345 20555 29719 20898
""""""""""""""""""" 1532 15251 15204 15197 15163 15152
""""""""""""""""""" 671 2610 2598 2585 2581 2572
""""""""""""""""""" 3976 4020 4038 4041 4054 4059
................................... e
""""""""""""""""""" 3196 3165 3162 3153 3154 3148

10115 10173 10199 10197 10218 10219
'''''''''''''''''''''''''''' 30047 31022 31003 30954 30956 30942
'''''''''''''''''''''''''''' 15388 15330 15304 15306 15285 15284
""""""""""""""""""" 2463 2460 2475 2478 2482 2483
""""""""""""""""""" 3966 3980 3099 3998 4007 4007
""""""""""""""""""" 3215 3220 3237 3238 3244 3245
'''''''''''''''''''''''''''' 3039 3050 3058 3060 3065 3066

10655 10745 10784 10789 10819 10830
"""""""""""""""""" 34104 35215 35494 35685 35834 35007
"""""""""""""""""" 14848 14758 14719 14714 14684 14673
"""""""""""""""""" 2381 2338 2330 2322 2319 2313
"""""""""""""""""" 4178 4213 4229 4230 4242 4247
"""""""""""""""""" 3279 3276 3279 3276 3281 3280
"""""""""""""""""" 3033 3007 3005 2098 2999 2995
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Table $10. Annotation of Ostreococcus lucimarinus protein sequences using the OrthoML2GO method

Number of analyzed sequences 7603
Number of sequences with homologs found 787
Number of sequences with predicted annotation: s73
1|3.o|og|ca|proce55(3p) ......................................................................................... 4144 ......................................................................
....... 2Mo|ecu|ar|:unct|on(MF)4422
....... 3ce||u|arcOmponent(cc)4314
Executiontime (48core)  Thour27minutes49seconds

Table S11. List of the 5 most frequent predicted GO terms for Ostreococcus lucimarinus by ontology

GO aspect GO term Count Definition

Table S12. Algorithm parameters

The parameters of the gradient boosting (XGBoost) algorithm The parameters of the Random Forest algorithm
params <- list( rf_model <- randomForest(
objective ="binary:logistic’, X = X_train,
eval_metric ="auc’, y =y_train,
eta=0.01, ntree = 250,
max_depth =4, mtry =3,
gamma =0.5, importance = TRUE,
subsample = 0.7, do.trace =50,
colsample_bytree = 0.7, maxnodes = 20)
min_child_weight =1,
lambda =3,
alpha=0.2,

tree_method ="hist")

final_model <- xgb.train(
params = params,
data = dtrain,
nrounds = 1000,
early_stopping_rounds = 20,
print_every_n=10,
maximize = TRUE)
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