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We propose an algebraic graph-assisted bidirectional transformer (AGBT) framework by fusing representations generated by
algebraic graph and bidirectional transformer, as well as a variety of machine learning algorithms, including decision trees, multitask
learning, and deep neural networks. We validate the proposed AGBT framework on eight molecular datasets, involving quantitative
toxicity, physical chemistry, and physiology datasets. Extensive numerical experiments have shown that AGBT is a state-of-the-art
framework for molecular property prediction.

LD50 measures the number of chemicals that can kill half of the rats when orally ingested. The LD50 represents the amount of
chemicals that can kill half of the rats when orally ingested. It was originally from https://chem.nlm.nih.gov/chemidplus/. IGC50
records the 50% growth inhibitory concentration of Tetrahymena pyriformis organism after 40h. LC50 reports at the concentration of
test chemicals in the water in milligrams per liter that cause 50% of fathead minnows to die after 96h. The last one is LC50DM, which
represents the concentration of test chemicals in the water in milligrams per liter that cause 50% Daphnia Magna to die after 48h.
LC50 and LC50DM were originally from http://cfpub.epa.gov/ecotox/. The unit of toxicity reported in these four data sets is -log_10
mol/L. The sizes of these four data sets vary from 353 to 7413, which poses a challenge for a predictive model to achieve consistent
accuracy and robustness. For the partition coefficient, the octanol-water partition coefficients, prediction task, the training set
contained 8199 molecules and the test set included 406 components. All components in the test set were approved as organic drugs
by the Food and Drug Administration (FDA). The logP values, for all training and test sets were compiled by Cheng et al., and all logP
values ranged from -4.64 to 8.42.

The three datasets Free Solvation (FreeSolv), Lipophilicity, and the Blood–brain barrier penetration (BBBP) are derived from the work
of MoleculeNet. ESOL contains 1128 molecules paired with aqueous solubility. This dataset has been used to estimate aqueous
solubility directly from molecular structure.. The FreeSolv dataset contains 643 compounds, and the labels include both experimental
and calculated hydration free energy of small molecules in water. The unit of the label is kilocalorie per mole (kcal/mol). Lipophilicity
is a dataset contains 4200 compounds, which are derived from ChEMBL database. The measured octanol/water distribution
coefficient (logD) of the compound was used as the label. For the task of classification, the Blood-brain barrier penetration (BBBP)
dataset is used in this study. BBBP contains 2042 small molecules and original from a study on the modeling and prediction of the
barrier permeability.The binary labels for compound permeability properties are used in this study.

The detailed descriptions are provided in the 'Datasets' section of Supporting Information.

In order to make a fair comparison, all data divisions follow the practice of published articles.

For LD50, IGC50, LC50, and LC50DM datasets, they were pre-split into the training and test sets in the way following the literature.
For the FreeSolv and Lipophilicity datasets, which are adopted from MoleculeNet, we randomly split these datasets (following the
same procedure as in MoleculeNet) 10 times. Following MoleculeNet, scaffold splitting is used to split the BBBP dataset into training,
validation, and test set follows the ratio of 80/10/10.

All the data are publically available. For the pre-training dataset used in this work is CheMBL26, which is available at https://
ftp.ebi.ac.uk/pub/databases/chembl/ChEMBLdb/releases/chembl_26/. For the other eight datasets used in this work, including four
quantitative toxicity datasets (LD50, IGC50, LC50, and LC50DM), partition coefficient dataset, FreeSolv dataset, Lipophilicity dataset
and BBBP dataset, are publically available at https://weilab.math.msu.edu/Database/.

The the version of open-source data ChEMBL used in this work is ChEMBL26, which is released on website at https://ftp.ebi.ac.uk/
pub/databases/chembl/ChEMBLdb/releases/chembl_26/. The eight datasets used in this work are generated from published works.
And collected in the website https://weilab.math.msu.edu/Database/. The CheMBL26 contains 1936342 molecules. The LD50, IGC50,
LC50, and LC50DM datasets contain 7413, 1792, 823, and 353 molecules respectively. And the partition coefficient dataset, FreeSolv
dataset, Lipophilicity dataset and BBBP dataset are including 8605, 643, 4200, and 2042 molecules, respectively. The detail
description of the data is shown in Supplementary Datasets.

No data were excluded from the analyses. All data used in this study are following the published works.

To eliminate systematic errors in the machine learning models, for each machine learning algorithm, the consensus of the predicted
values from 20 different models (generated with different random seeds) was taken for each molecule. Note that the consensus
value here refers to the average of the predicted results from different models for each molecule of each specific training-test
splitting. All the final results are reproducible.

For LD50, IGC50, LC50, and LC50DM datasets, they were pre-split into the training and test sets in the way following the literature.
For the FreeSolv and Lipophilicity datasets, which are adopted from MoleculeNet, we randomly split these datasets (following the
same procedure as in MoleculeNet) 10 times. Following MoleculeNet, scaffold splitting is used to split the BBBP dataset into training,
validation, and test set follows the ratio of 80/10/10.

We validate the proposed model on eight datasets, including four toxicity datasets, partition coefficient dataset, FreeSolv dataset,
Lipophilicity dataset and BBBP dataset, which are given in the published work. For fair comparison, all data are consistent with




