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Figure S1: The distribution of attribution activations for the 12 tasks on Tox21 dataset. The blue points denote positive
sample activations, and the red ones denote negative.
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Figure S2: Attribution results of fragment-based method for ‘Hepatobiliary disorders’ task (1/4). The red highlight dis-
plays the crucial fragments or atoms for certain molecule. The three columns (from left to right) respectively denote the
‘Ground Truth’ fragment from the literature, the atom-based attribution result, and the fragment-based attribution result.
References [1, 2] give the related literature. The top-10 attribution atoms is shown for ‘Atom-based’ method, and ‘Top-k’
denotes that the fragment ranks the k-th highest in the overall results for the molecule).
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Figure S3: Attribution results of fragment-based method for ‘Hepatobiliary disorders’ task (2/4). The red highlight dis-
plays the crucial fragments or atoms for certain molecule. The three columns (from left to right) respectively denote the
‘Ground Truth’ fragment from the literature, the atom-based attribution result, and the fragment-based attribution result.
References [2, 3, 4] give the related literature. The top-10 attribution atoms is shown for ‘Atom-based’ method, and ‘Top-
k’ denotes that the fragment ranks the k-th highest in the overall results for the molecule).
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Figure S4: Attribution results of fragment-based method for ‘Hepatobiliary disorders’ task (3/4). The red highlight dis-
plays the crucial fragments or atoms for certain molecule. The three columns (from left to right) respectively denote the
‘Ground Truth’ fragment from the literature, the atom-based attribution result, and the fragment-based attribution result.
References [5, 6, 7] give the related literature. The top-10 attribution atoms is shown for ‘Atom-based’ method, and ‘Top-
k’ denotes that the fragment ranks the k-th highest in the overall results for the molecule).
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Figure S5: Attribution results of fragment-based method for ‘Hepatobiliary disorders’ task (4/4). The red highlight dis-
plays the crucial fragments or atoms for certain molecule. The three columns (from left to right) respectively denote the
‘Ground Truth’ fragment from the literature, the atom-based attribution result, and the fragment-based attribution result.
References [1, 5, 6, 7, 8] give the related literature. The top-10 attribution atoms is shown for ‘Atom-based’ method, and
‘Top-k’ denotes that the fragment ranks the k-th highest in the overall results for the molecule).
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Figure S6: Attribution results of fragment-based method for ‘Congenital, familial and genetic disorders’ task (1/4). The
red highlight displays the crucial fragments or atoms for certain molecule. The three columns (from left to right) respec-
tively denote the ‘Ground Truth’ fragment from the literature, the atom-based attribution result, and the fragment-based
attribution result. References [9, 10] give the related literature. The top-10 attribution atoms is shown for ‘Atom-based’
method, and ‘Top-k’ denotes that the fragment ranks the k-th highest in the overall results for the molecule).
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Figure S7: Attribution results of fragment-based method for ‘Congenital, familial and genetic disorders’ task (2/4). The
red highlight displays the crucial fragments or atoms for certain molecule. The three columns (from left to right) respec-
tively denote the ‘Ground Truth’ fragment from the literature, the atom-based attribution result, and the fragment-based
attribution result. References [9, 11, 12] give the related literature. The top-10 attribution atoms is shown for ‘Atom-
based’ method, and ‘Top-k’ denotes that the fragment ranks the k-th highest in the overall results for the molecule).
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Figure S8: Attribution results of fragment-based method for ‘Congenital, familial and genetic disorders’ task (3/4). The
red highlight displays the crucial fragments or atoms for certain molecule. The three columns (from left to right) respec-
tively denote the ‘Ground Truth’ fragment from the literature, the atom-based attribution result, and the fragment-based
attribution result. References [10, 11, 13] give the related literature. The top-10 attribution atoms is shown for ‘Atom-
based’ method, and ‘Top-k’ denotes that the fragment ranks the k-th highest in the overall results for the molecule).
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Figure S9: Attribution results of fragment-based method for ‘Congenital, familial and genetic disorders’ task (4/4). The
red highlight displays the crucial fragments or atoms for certain molecule. The three columns (from left to right) respec-
tively denote the ‘Ground Truth’ fragment from the literature, the atom-based attribution result, and the fragment-based
attribution result. References [9, 13] give the related literature. The top-10 attribution atoms is shown for ‘Atom-based’
method, and ‘Top-k’ denotes that the fragment ranks the k-th highest in the overall results for the molecule).
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Figure S10: Attribution results of fragment-based method for ‘Skin and subcutaneous tissue disorders’ task (1/3). The red
highlight displays the crucial fragments or atoms for certain molecule. The three columns (from left to right) respectively
denote the ‘Ground Truth’ fragment from the literature, the atom-based attribution result, and the fragment-based attri-
bution result. References [14] give the related literature. The top-10 attribution atoms is shown for ‘Atom-based’ method,
and ‘Top-k’ denotes that the fragment ranks the k-th highest in the overall results for the molecule).
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Figure S11: Attribution results of fragment-based method for ‘Skin and subcutaneous tissue disorders’ task (2/3). The
red highlight displays the crucial fragments or atoms for certain molecule. The three columns (from left to right) respec-
tively denote the ‘Ground Truth’ fragment from the literature, the atom-based attribution result, and the fragment-based
attribution result. References [14, 15] give the related literature. The top-10 attribution atoms is shown for ‘Atom-based’
method, and ‘Top-k’ denotes that the fragment ranks the k-th highest in the overall results for the molecule).
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Figure S12: Attribution results of fragment-based method for ‘Skin and subcutaneous tissue disorders’ task (3/3). The red
highlight displays the crucial fragments or atoms for certain molecule. The three columns (from left to right) respectively
denote the ‘Ground Truth’ fragment from the literature, the atom-based attribution result, and the fragment-based attri-
bution result. References [14] give the related literature. The top-10 attribution atoms is shown for ‘Atom-based’ method,
and ‘Top-k’ denotes that the fragment ranks the k-th highest in the overall results for the molecule).
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Figure S13: Attribution results of fragment-based method for ‘Blood and lymphatic system disorders’ task (1/2). The red
highlight displays the crucial fragments or atoms for certain molecule. The three columns (from left to right) respectively
denote the ‘Ground Truth’ fragment from the literature, the atom-based attribution result, and the fragment-based at-
tribution result. References [16, 17] give the related literature. The top-10 attribution atoms is shown for ‘Atom-based’
method, and ‘Top-k’ denotes that the fragment ranks the k-th highest in the overall results for the molecule).
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Figure S14: Attribution results of fragment-based method for ‘Blood and lymphatic system disorders’ task (2/2). The red
highlight displays the crucial fragments or atoms for certain molecule. The three columns (from left to right) respectively
denote the ‘Ground Truth’ fragment from the literature, the atom-based attribution result, and the fragment-based attri-
bution result. References [16, 17, 18] give the related literature. The top-10 attribution atoms is shown for ‘Atom-based’
method, and ‘Top-k’ denotes that the fragment ranks the k-th highest in the overall results for the molecule).
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Figure S15: Attribution results of fragment-based method for ‘Endocrine disorders’ task (1/3). The red highlight displays
the crucial fragments or atoms for certain molecule. The three columns (from left to right) respectively denote the ‘Ground
Truth’ fragment from the literature, the atom-based attribution result, and the fragment-based attribution result. Refer-
ences [19] give the related literature. The top-10 attribution atoms is shown for ‘Atom-based’ method, and ‘Top-k’ denotes

that the fragment ranks the k-th highest in the overall results for the molecule).
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Figure S16: Attribution results of fragment-based method for ‘Endocrine disorders’ task (2/3). The red highlight displays
the crucial fragments or atoms for certain molecule. The three columns (from left to right) respectively denote the ‘Ground
Truth’ fragment from the literature, the atom-based attribution result, and the fragment-based attribution result. Refer-
ences [19] give the related literature. The top-10 attribution atoms is shown for ‘Atom-based’ method, and ‘Top-k’ denotes

that the fragment ranks the k-th highest in the overall results for the molecule).
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Figure S17: Attribution results of fragment-based method for ‘Endocrine disorders’ task (3/3). The red highlight displays
the crucial fragments or atoms for certain molecule. The three columns (from left to right) respectively denote the ‘Ground
Truth’ fragment from the literature, the atom-based attribution result, and the fragment-based attribution result. Refer-
ences [19] give the related literature. The top-10 attribution atoms is shown for ‘Atom-based’ method, and ‘Top-k’ denotes

that the fragment ranks the k-th highest in the overall results for the molecule).
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Figure S18: Attribution results of fragment-based method for ‘Neoplasms benign, malignant and unspecified’ task (1/4).
The red highlight displays the crucial fragments or atoms for certain molecule. The three columns (from left to right)
respectively denote the ‘Ground Truth’ fragment from the literature, the atom-based attribution result, and the fragment-
based attribution result. References [9, 20] give the related literature. The top-10 attribution atoms is shown for ‘Atom-
based’ method, and ‘Top-k’ denotes that the fragment ranks the k-th highest in the overall results for the molecule).
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Figure S19: Attribution results of fragment-based method for ‘Neoplasms benign, malignant and unspecified’ task (2/4).
The red highlight displays the crucial fragments or atoms for certain molecule. The three columns (from left to right)
respectively denote the ‘Ground Truth’ fragment from the literature, the atom-based attribution result, and the fragment-
based attribution result. References [20, 21, 22] give the related literature. The top-10 attribution atoms is shown for
‘Atom-based’ method, and ‘Top-k’ denotes that the fragment ranks the k-th highest in the overall results for the molecule).
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Figure S20: Attribution results of fragment-based method for ‘Neoplasms benign, malignant and unspecified’ task (3/4).
The red highlight displays the crucial fragments or atoms for certain molecule. The three columns (from left to right)
respectively denote the ‘Ground Truth’ fragment from the literature, the atom-based attribution result, and the fragment-
based attribution result. References [20, 22] give the related literature. The top-10 attribution atoms is shown for ‘Atom-
based’ method, and ‘Top-k’ denotes that the fragment ranks the k-th highest in the overall results for the molecule).
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Figure S21: Attribution results of fragment-based method for ‘Neoplasms benign, malignant and unspecified’ task (4/4).
The red highlight displays the crucial fragments or atoms for certain molecule. The three columns (from left to right)
respectively denote the ‘Ground Truth’ fragment from the literature, the atom-based attribution result, and the fragment-
based attribution result. References [9, 20] give the related literature. The top-10 attribution atoms is shown for ‘Atom-
based’ method, and ‘Top-k’ denotes that the fragment ranks the k-th highest in the overall results for the molecule).
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Figure S22: Prediction performance comparison between multitask graph attention framework (MGA) and our fragment-

based GCN method. A) Prediction comparison of the six property tasks. For each property task, the left bar denotes the

performance of the MGA framework, and the right one denotes the performance of the fragment-based method. The error
line represents the variance of prediction performance. B) The detailed description of the six property tasks in A.

22



WILEY-VCH

Ground Truth

Attention Result (MGA)

Attribution Result (Fragment-based)

H -
N
)
o~ : : ~F

\0 \N

Top 2
~
\O \N ‘
(¢} o
. Top O
OH
(o] o
Y\N
.
HN\) o
~ |
YN N Top 1
I
N/O
|
o]
o] N )
-, | CX
| o Xy Top 1
o] F
N N N—"5,
(X (X |
\N o
N |
N
N, ‘ Top 4

Figure S23: Crucial substructure mining results of MGA framework and fragment-based method for ‘Hepatobiliary disor-
ders’ task. The red highlights display the crucial fragments for certain molecule. The highlights of the left column and the
right column represent ‘Ground Truth’ fragment from the literature, and the fragment-based attribution result. References
[1, 2, 7] give the related literature, and ‘Top-k’ denotes that the fragment ranks the k-th highest in the overall results for
the molecule. The brown highlights in the middle column display the substructure obtained from multitask graph atten-
tion framework. The atoms with darker colors are more crucial.
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Figure S24: Crucial substructure mining results of MGA framework and fragment-based method for ‘Congenital, familial
and genetic disorders’ task. The red highlights display the crucial fragments for certain molecule. The highlights of the left
column and the right column represent ‘Ground Truth’ fragment from the literature, and the fragment-based attribution
result. References [9, 10, 11, 13] give the related literature, and ‘Top-k’ denotes that the fragment ranks the k-th highest
in the overall results for the molecule. The brown highlights in the middle column display the substructure obtained from
multitask graph attention framework. The atoms with darker colors are more crucial.
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Figure S25: Crucial substructure mining results of MGA framework and fragment-based method for ‘Skin and subcuta-
neous tissue disorders’ task. The red highlights display the crucial fragments for certain molecule. The highlights of the
left column and the right column represent ‘Ground Truth’ fragment from the literature, and the fragment-based attribu-
tion result. References [14] give the related literature, and ‘Top-k’ denotes that the fragment ranks the k-th highest in the
overall results for the molecule. The brown highlights in the middle column display the substructure obtained from multi-

task graph attention framework. The atoms with darker colors are more crucial.
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Figure S26: Crucial substructure mining results of MGA framework and fragment-based method for ‘Blood and lymphatic
system disorders’ task. The red highlights display the crucial fragments for certain molecule. The highlights of the left
column and the right column represent ‘Ground Truth’ fragment from the literature, and the fragment-based attribution
result. References [17, 18] give the related literature, and ‘Top-k’ denotes that the fragment ranks the k-th highest in the
overall results for the molecule. The brown highlights in the middle column display the substructure obtained from multi-
task graph attention framework. The atoms with darker colors are more crucial.

26



WILEY-VCH

Ground Truth Attention Result (MGA) Attribution Result (Fragment-based)
o
[19] OH
= OH o0 0
HO o]
OH OH i N > " i
U N o o
= l\OH
HO H
XN ~
N o o 0
OH u
= l\OH
H Top 1

‘ HO

/

[19]

o]
)/i\/g& Top 1

Top 3

Q

Q

%
;

Top 4

%
)

Figure S27: Crucial substructure mining results of MGA framework and fragment-based method for ‘Endocrine disor-
ders’ task. The red highlights display the crucial fragments for certain molecule. The highlights of the left column and the
right column represent ‘Ground Truth’ fragment from the literature, and the fragment-based attribution result. References
[19] give the related literature, and ‘Top-k’ denotes that the fragment ranks the k-th highest in the overall results for the
molecule. The brown highlights in the middle column display the substructure obtained from multitask graph attention
framework. The atoms with darker colors are more crucial.
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Figure S28: Crucial substructure mining results of MGA framework and fragment-based method for ‘Neoplasms benign,
malignant and unspecified’” task. The red highlights display the crucial fragments for certain molecule. The highlights of
the left column and the right column represent ‘Ground Truth’ fragment from the literature, and the fragment-based attri-
bution result. References [9, 20] give the related literature, and ‘Top-k’ denotes that the fragment ranks the k-th highest
in the overall results for the molecule. The brown highlights in the middle column display the substructure obtained from
multitask graph attention framework. The atoms with darker colors are more crucial.
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