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1 Supplementary figures
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Figure S1: Correlations between functional similarity, sequence similarity and expression similarity at the gene
level. The genes are grouped into 1254 clusters with sizes in the range of [10, 20] based on hierarchical clustering.
The average pairwise functional similarity, sequence similarity and expression similarity are estimated for each
cluster. The Pearson correlation coefficient (PCC) is used to measure the correlations.
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Figure S2: The correlation between functional similarity and structural similarity measured on 600 SIGs that
are grouped into 40 clusters with sizes in the range of [10, 20]. The functional similarity is estimated based on
the annotated functions of the SIGs. The result is consistent with the PCC value in Figure 7(a).



(a) ROC curves on term GO:0043065 (b) PR curves on term GO:0043065
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(c)l 5 ROC curves on term GO:0046872 (d)l o PR curves on term GO:0046872
' ' — DIFFUSE: 0.621
—— DeeplsoFun: 0.232
—— WLRM: 0.151
° 0.8 0.8 —— mi-SVM: 0.197
= —— iMILP: 0.177
°
_g 0.6 _5 0.6
= )
n o
o 9}
20.4 a 0.4
[
2 —— DIFFUSE: 0.851
= —— DeeplsoFun: 0.728
0.2 —— WLRM: 0.582 0.2
—— mi-SVM: 0.638
—— iMILP: 0.613
0.0 0.0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
False positive rate Recall
(e)l 0 ROC curves on term G0:0043065 f 10 PR curves on term GO:0043065
. - ns . =
'3 =)
ot =y == 1 7
0.8 e 0.8 oy,
) P LL‘-_
o i
I 1 c o6 “
0 0.6
E / % 11*».
@ [v] =N
g I o i
204 &£ 0.4
[}
2
= —— DIFFUSE: 0.825 —— DIFFUSE: 0.605 L‘
0.2 DIFFUSE w/o CRF: 0.819 0.2 DIFFUSE w/o CRF: 0.596 Yy
DIFFUSE w/o domains: 0.797 DIFFUSE w/o domains: 0.554 e
DIFFUSE w/o sequences: 0.800 DIFFUSE w/o sequences: 0.453
0.0 0.0,
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
False positive rate Recall
(o) 5 ROC curves on term GO:0046872 h) o PR curves on term GO:0046872
g /’-’_J_ hoey
0.8 T 0.8
2 7
@©
0.6 / S 0.6 II"‘-
= (0} IL\
%] |9)
2 <
20.4 a 0.4 et
[} (!
: )
= —— DIFFUSE: 0.851 —— DIFFUSE: 0.621 S
0.24 DIFFUSE w/o CRF: 0.840 0.2 DIFFUSE w/o CRF: 0.600 by
DIFFUSE w/o domains: 0.817 DIFFUSE w/o domains: 0.535 s
DIFFUSE w/o sequences: 0.804 DIFFUSE w/o sequences: 0.475
0.0 0.0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
False positive rate Recall

Figure S3: Example receiver operating characteristic (ROC) curves and precision-recall (PR) curves on
terms G0O:0043065 (positive regulation of apoptotic process) and GO:0046872 (metal ion binding). The term
G0:0043065 has been studied extensively in the literature (Li et al., 2013; Shaw et al., 2018) and the term
GO:0046872 is used to validate our prediction results in Table 2. The plots (a-d) illustrate the ROC and PR
curves achieved by the methods compared in Table 1. The curves on both GO terms demonstrate that DIF-
FUSE performs better than the other methods across all thresholds on false positive rate or recall. The plots
(e-h) illustrate the ROC and PR curves on the same GO terms achieved by the four variants of DIFFUSE
discussed in section 3.1.3. The PR curves on both GO terms suggest that after removing sequence features
from DIFFUSE, the model predicts more false positives with high scores, which may explain why the AUPRC
of DIFFUSE drops so significantly without using sequences.



2 Supplementary tables

Table S1: Comparison of the performance of DIFFUSE in training and testing on all three datasets. The
average performance gaps across the three datasets are 6.3% in terms of AUC and 8.3% in terms of AUPRC.
These are well within acceptable ranges reported in the literature (Zhang et al., 2016; Keskar et al., 2016) and
thus likely to indicate that our model was not grossly overtrained in the experiments.

Dataset#1 Dataset#2 Dataset#3
AUC AUPRC AUC AUPRC AUC AUPRC
DIFFUSE training 0.891 0.632 0.882 0.588 0.875
DIFFUSE test 0.835 0.585 0.828 0.537 0.817

Table S2: Consistency between the presence or absence of sequence feature ‘Metal ion binding site’ and the
function predictions concerning GO term GO:0046872 (metal ion binding). Note that a metal ion may have
several binding sites. We treat the binding sites that correspond to the same metal ion as a group. Each isoform
sequence may contain multiple metal ion binding site groups. If all metal ion binding site groups of an isoform
have binding sites affected by alternative splicing, we treat the sequence feature ‘Metal ion binding site’ as
absent in this isoform, noted by a cross. Otherwise, we treat it as present in this isoform, noted by a circle.
Positive and negative predictions are represented by circles and crosses as well.
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Table S3: Consistency between the presence or absence of sequence feature ‘ATP binding site’ and the function
predictions concerning GO term GO:0005524 (ATP binding). Again, note that an ATP maye have several
binding sites. We treat the binding sites that correspond to the same ATP as a group. Each isoform sequence
may contain multiple ATP binding site groups. If all ATP binding site groups of an isoform have binding sites
affected by alternative splicing, we treat the sequence feature ‘ATP binding site’ as absent in this isoform.
Otherwise, we treat it as present in this isoform.
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Table S4: Consistency between the presence or absence of sequence feature ‘Nuclear localization signal’ and
the function predictions concerning GO term GO:0005634 (nucleus). Note that each isoform sequence may
contain multiple nuclear localization signals. If all the nuclear localization signals of an isoform are affected
by alternative splicing, we treat the sequence feature ‘Nuclear localization signal’ as absent in this isoform.
Otherwise, we treat it as present in this isoform.
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