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Crisis of train-test split in structure-
based machine learning

• We analyzed 30 scientific articles
describing new structure-based ML
solutions published in 2023-2025

• Several most frequent train-test split
techniques were revealed including
random, release date, ligand-,
sequence-based split

• Half of analyzed articles did not use
any rational train test split such as
sequence- or ligand-based!
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Site similarity method

• Our method represents 3D
binding site geometry in 1D
vector

• Each value represents frequency
of two residue types found on
distance less of more than 10 Å

• Separate analysis of side and
main chains produces vector of
840 values
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Experiment design
• Database of 48,000+

complexes was collected
and split randomly into
38,000+ “train” and 10,000
preliminary “test” set

• Set of 300 test compounds
was selected from
preliminary test by each
method

• Metrics were calculated and
representative examples
were analyzed

5



Random split

• Analysis revealed average values
of 95.3% for sequence identity,
81.1% for site similarity, and
78.6% for ligand similarity

• Random split showed significant
data leakage, demonstrating need
for more rigorous strategies
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Release date split
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• Release data split led to same results
as for random split with comparable
values of average sequence identity
(96.0% vs. 95.5%), site similarity
(79.6% vs. 81.1%), and ligand
similarity (76.5% vs. 78.6%)

• Splitting datasets by release date
offers no significant improvement
over random splitting



Ligand-based split

8

• Average ligand similarity was significantly
decreased (28.7% vs. 78.6%)

• Ligand-based strategy did not change
average sequence identity (91.8% vs.
95.5%) and site similarity (71.6% vs.
81.1%)

• As demonstrated by example of trypsin
inhibitors, low ligand similarity (19.5%)
does not mean low site similarity (98.8%)



Sequence-based split
• Sequence-based approach decreased

average sequence identity (25.8% vs.
95.5%) and site similarity (43.7% vs.
81.1%), but showed almost the same
ligand similarity (74.9% vs. 78.6%)

• For example, low sequence identity
(27%) between alpha-mannosidase of
fruit fly and jack bean was
accompanied by high site similarity
(79.5%)
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Split based on both 
sequence and ligand
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• Mixed approach demonstrated improved
values of average sequence identity (36.6%
vs. 95.5%), site similarity (45.2% vs. 81.1%),
and ligand similarity (49.5% vs. 78.6%)

• However, low sequence identity (36.5%) and
ligand similarity (39.1%) between inosine-5`-
monophosphate dehydrogenase of Bacillus
anthracis and Tritrichomonas suis was
accompanied by high site similarity (77.1%)



Site similarity split
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• Site-similarity split improved average site
similarity (26.1% vs. 81.1%) with minor
change in sequence identity (79.6% vs.
95.5%) and ligand similarity (72.9% vs.
78.6%)

• Indeed, low site similarity (3%) revealed two
distinct binding modes of SARS-CoV-2
helicase inhibitors despite high sequence
identity (100%) and moderate ligand
similarity (44.2%)



Key takeaways
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• Random, release date, crystal
quality split or unvetted use of
external benchmarks leads to
significant data leakage

• Ligand similarity split almost
does not improve situation

• Sequence identity itself or in
combination with ligand
similarity is the best solution
among earlier developed

• New site similarity technique
was developed which provides
robust and explainable
foundation for train-test splitting
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