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Supplementary Material S1. Benchmark Dataset

"1" represents that the enzyme belongs to corresponding class

"0" represents that the enzyme does not belong to corresponding class
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Supplementary Material S2. Division of amino acids into three different groups for different
physicochemical properties

Property Group 1 Group 2 Group 3
Hydrophobicity
State 1.Polar 2.Neutral 3.Hydrophobicity
Amino acid RKEDQN GASTPHY CLVIMFW
Normalized VDWV
State 1.(0-2.78) 2.(2.95-4.0) 3.(4.03-8.08)
Amino acid GASTPD NVEQIL MHKFRYW
Polarity
State 1.(4.9-6.2) 2.(8.0-9.2) 3.(10.4-13.0)
Amino acid LIFWCMVY CPNVEQIL KMHFRYW
Charge
State 1.Positive 2.Neutral 3.Negative
Amino acid KR ANCQGHILMFPSTWYV DE
Secondary Structure
State 1.Helix 2.Strand 3.coil
Amino acid EALMQKRH VIYCWFT GNPSD
Solvent Accessibility
State 1.Buried 2.Exposed 3.Intermediate
Amino acid ALFCGIVW RKQEND MPSTHY
Polarizability
State 1.(0-0.108) 2.(0.128-0.186) 3.(0.219-0.409)
Amino acid GASDT CPNVEQIL KMHFRYW




Supplementary Material S3. RAKEL Algorithm

In order to better understand the RAKEL Algorithm, we introduce the concept of k-labelsets and
notation that is subsequently used. The first steps is the process of obtaining k-labelsets, let L = {Ai}, i =
1..|L| be the set of labels in a multi-label classification domain. In addition, k-labelsets are the set Y S L
with k = |Y]. Next we introduce the term L¥ which is the set of all distinct k-labelsets on L and the size
of it is given by the binomial coefficient: |*|= ('f{'). In the second steps, the RAKEL algorithm iteratively
constructs an ensemble of m Label Powerset (LP) classifiers. At each iteration, i = 1..m, it randomly
selects a k-labelset Yi, from L* without replacement. And then it learns an LP classifier hi: X —P(Y)).

The ensemble production process of RAKEL is given in Fig 1 [1] below.

Input: Number of models m, size of labelset k, set of labels L, training set D
Output: An ensemble of LP classifers h, and corresponding k-labelsets Y,
ReLS
for i « 1 to min(m, | L« ) do

Y, < a k-labelset randomly selected from R;

train an LP classifers h, : X — P(Y)) on D;

R—R\{Y},

Fig 1. The ensemble production process of RAKEL

In particular, the number of iterations is a user-specified parameter with acceptable values ranging

from 1 to |LY. The size of the labelsets (k) is another user-specified parameter with meaningful values

ranging from 2 to |L| - 1. In this study, default parameters k = 3 and m = |L| = 6 were adopted, and we

used RF classifier for LP single-label classification tasks.

REFERENCE
[1] Tsoumakas G, Vlahavas I. Random k-labelsets: An ensemble method for multilabel classification.

Berlin: Springer; 2007.



Supplementary Material S4. MLKNN algorithm

In the first place, some notations [1] should be introduced for better understanding MLKNN. For

an instance x and its corresponding label set Y < @, we suppose KNNs are considered in the MLKNN

method. Let y, be the class vector for instance x, where its Ith component y,/(1) (I € @) takes the value
of Lif | € Y and O otherwise. What’s more, N(x) is defined as the set of KNNs of x identified in the
training set. Therefore, a membership counting vector could be defined based on the label sets of these

neighbors
CD= Tyeny D 1€ (1)
Where a(l) counts the number of neighbors of x belonged to the Ith class.

For the test instance t, MLKNN determines its KNNs N(t) in the training set. Next, let H} denotes
event that t has label I, and then H/ denotes the event that t has not label |. Further, we use
Ej’»(j €{0,1,...,K}) torepresent the event that exactly j instance which have label | exist among the KNNs
of t. Hence, based on the membership counting vector a, we denote the category vector y, using the

MAP principle below

max P(Hf,|El ) ey (2)

y (D= ar %
yt(l) gbe{o,l} 0)

The Bayesian rule can also be written as

(1) (£ 1)

S n— [¢10)
¥,(D= arg e max - (E% ,u))
= arg max P(H’b)P (EIZ“,(I) |H§,) (3)

bE{0,1}
For the purpose of determining the category vector ., all the information needed is the prior

probabilities P(H})(I€ s bE{0,1}) and the posterior probabilities P(E}|H})(j € {0,1, ...,K}). In
brief, these prior and posterior probabilities can all be directly estimated from the training set based on

frequency counting.

REFERENCE

[1] Zhang M-L, Zhou Z-H. ML-KNN: A lazy learning approach to multi-label learning. Pattern
recognition. 2007;40(7):2038-2048.



