
Supplementary Material S1. Benchmark Dataset

Multi-family enzyme EC 1 EC 2 EC 3 EC 4 EC 5 EC 6

P05080 0 1 1 0 0 0

P14060 1 0 0 0 1 0

P27365 1 0 0 0 1 0

Q60555 1 0 0 0 1 0

P24815 1 0 0 0 1 0

P22071 1 0 0 0 1 0

P26439 1 0 0 0 1 0

Q64421 1 0 0 0 1 0

P26149 1 0 0 0 1 0

P22072 1 0 0 0 1 0

P26150 1 0 0 0 1 0

Q62878 1 0 0 0 1 0

O35469 1 0 0 0 1 0

P14893 1 0 0 0 1 0

Q5IFP1 1 0 0 0 1 0

Q67477 1 0 0 0 1 0

O46516 1 0 0 0 1 0

O53454 1 0 0 0 1 0

Q9N119 1 0 0 0 1 0

O57245 1 0 0 0 1 0

P21097 1 0 0 0 1 0

P26670 1 0 0 0 1 0

A8AP56 0 1 0 0 0 1

A7MR36 0 1 0 0 0 1

A7ZQU2 0 1 0 0 0 1

B7UHQ4 0 1 0 0 0 1

B7MLI2 0 1 0 0 0 1

B7LF13 0 1 0 0 0 1

Q8X6J8 0 1 0 0 0 1

B5Z4F4 0 1 0 0 0 1

B7NVY2 0 1 0 0 0 1

C4ZZY9 0 1 0 0 0 1

B1XDP2 0 1 0 0 0 1

A8A3X0 0 1 0 0 0 1

A1AF47 0 1 0 0 0 1

Q0TDZ6 0 1 0 0 0 1

Q8FEA6 0 1 0 0 0 1

B1IU08 0 1 0 0 0 1

P31119 0 1 0 0 0 1

B7N768 0 1 0 0 0 1

B6I6W1 0 1 0 0 0 1

B1LR34 0 1 0 0 0 1

"1" represents that the enzyme belongs to corresponding class

"0" represents that the enzyme does not belong to corresponding class
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Q1R7H5 0 1 0 0 0 1

A4WE11 0 1 0 0 0 1

Q6D107 0 1 0 0 0 1

B2VFS7 0 1 0 0 0 1

B7LNJ2 0 1 0 0 0 1

B5XUP2 0 1 0 0 0 1

A6TDH2 0 1 0 0 0 1

C6DE43 0 1 0 0 0 1

Q7N7A9 0 1 0 0 0 1

B5F4V4 0 1 0 0 0 1

Q57KA7 0 1 0 0 0 1

B5FUB9 0 1 0 0 0 1

B5QWU2 0 1 0 0 0 1

B5RDY6 0 1 0 0 0 1

B4TGR5 0 1 0 0 0 1

B4T503 0 1 0 0 0 1

Q5PEN7 0 1 0 0 0 1

A9N3H8 0 1 0 0 0 1

C0PXJ8 0 1 0 0 0 1

B5BFH6 0 1 0 0 0 1

B4TUM9 0 1 0 0 0 1

Q8Z406 0 1 0 0 0 1

Q8ZMA4 0 1 0 0 0 1

B2TYQ5 0 1 0 0 0 1

Q0T128 0 1 0 0 0 1

Q83JV7 0 1 0 0 0 1

Q3YY21 0 1 0 0 0 1

A1JPF0 0 1 0 0 0 1

A7FFD1 0 1 0 0 0 1

Q1CAS8 0 1 0 0 0 1

B2JZ75 0 1 0 0 0 1

Q74RZ6 0 1 0 0 0 1

A9R2S1 0 1 0 0 0 1

A4TLD3 0 1 0 0 0 1

Q9C5U0 0 1 1 0 0 0

Q9ZPI6 1 0 0 1 1 0

P00561 1 1 0 0 0 0

P27725 1 1 0 0 0 0

P00562 1 1 0 0 0 0

Q9SA18 1 1 0 0 0 0

P49079 1 1 0 0 0 0

O81852 1 1 0 0 0 0

P49080 1 1 0 0 0 0

P57290 1 1 0 0 0 0

Q8K9U9 1 1 0 0 0 0

Q89AR4 1 1 0 0 0 0



P37142 1 1 0 0 0 0

P44505 1 1 0 0 0 0

Q9NP73 0 1 1 0 0 0

Q9D8C3 0 1 1 0 0 0

P07874 0 1 0 0 1 0

P59785 0 1 0 0 1 0

Q88ND5 0 1 0 0 1 0

Q887Q9 0 1 0 0 1 0

P54889 1 1 0 0 0 0

Q10630 0 1 1 0 0 0

Q13686 1 0 0 1 0 0

P0CB42 1 0 0 1 0 0

P08478 1 0 0 1 0 0

P12890 1 0 0 1 0 0

P83388 1 0 0 1 0 0

P10731 1 0 0 1 0 0

P19021 1 0 0 1 0 0

P97467 1 0 0 1 0 0

P14925 1 0 0 1 0 0

P78586 1 1 0 0 0 0

Q54M18 1 1 0 0 0 0

P54898 1 1 0 0 0 0

P31318 1 1 0 0 0 0

Q01217 1 1 0 0 0 0

Q9K3D6 0 1 0 1 0 0

Q9K3D7 0 1 0 1 0 0

A0KGY6 1 1 0 0 0 0

A4SQW9 1 1 0 0 0 0

A7ZP73 1 1 0 0 0 0

B7UFR7 1 1 0 0 0 0

B7MG22 1 1 0 0 0 0

B7LAS0 1 1 0 0 0 0

Q8XDZ3 1 1 0 0 0 0

B5YXP8 1 1 0 0 0 0

B7NNT4 1 1 0 0 0 0

B7MXT6 1 1 0 0 0 0

B7M5T7 1 1 0 0 0 0

C4ZU97 1 1 0 0 0 0

B1X8W8 1 1 0 0 0 0

A8A2C2 1 1 0 0 0 0

A1ADA7 1 1 0 0 0 0

Q0TFI7 1 1 0 0 0 0

Q8FFM1 1 1 0 0 0 0

B1IXT2 1 1 0 0 0 0

P77398 1 1 0 0 0 0

B7N5M0 1 1 0 0 0 0



B6I7J8 1 1 0 0 0 0

B1LLK9 1 1 0 0 0 0

Q1R9G0 1 1 0 0 0 0

A4WAM3 1 1 0 0 0 0

Q6D2F1 1 1 0 0 0 0

B2VBI9 1 1 0 0 0 0

B7LM76 1 1 0 0 0 0

B5XTK9 1 1 0 0 0 0

A6TF98 1 1 0 0 0 0

C6DAW5 1 1 0 0 0 0

Q7N3Q7 1 1 0 0 0 0

B4ETL7 1 1 0 0 0 0

Q48HZ1 1 1 0 0 0 0

A6V1P0 1 1 0 0 0 0

B7VBN2 1 1 0 0 0 0

Q02R25 1 1 0 0 0 0

Q9HY63 1 1 0 0 0 0

Q4KC82 1 1 0 0 0 0

C3KAD2 1 1 0 0 0 0

Q3KCC1 1 1 0 0 0 0

Q4ZSZ2 1 1 0 0 0 0

B5EZH8 1 1 0 0 0 0

P0C0R6 1 1 0 0 0 0

B5FNT9 1 1 0 0 0 0

B5R272 1 1 0 0 0 0

B5RCC4 1 1 0 0 0 0

B4TBG6 1 1 0 0 0 0

B4SYX1 1 1 0 0 0 0

Q5PNA6 1 1 0 0 0 0

A9N5B2 1 1 0 0 0 0

C0Q069 1 1 0 0 0 0

B5BCP6 1 1 0 0 0 0

B4TPI2 1 1 0 0 0 0

Q8Z540 1 1 0 0 0 0

O52325 1 1 0 0 0 0

A8GDR7 1 1 0 0 0 0

A8FRR2 1 1 0 0 0 0

B2TW38 1 1 0 0 0 0

Q31YK2 1 1 0 0 0 0

Q32DT3 1 1 0 0 0 0

Q0T2M8 1 1 0 0 0 0

Q83QT8 1 1 0 0 0 0

Q3YZV1 1 1 0 0 0 0

Q2NRV7 1 1 0 0 0 0

Q8D341 1 1 0 0 0 0

A1JPN5 1 1 0 0 0 0



A7FHH4 1 1 0 0 0 0

Q1C742 1 1 0 0 0 0

B2K5L3 1 1 0 0 0 0

Q8ZDX8 1 1 0 0 0 0

A9R093 1 1 0 0 0 0

Q1CIH7 1 1 0 0 0 0

A4TIM4 1 1 0 0 0 0

Q93PD8 1 1 0 0 0 0

B1JJ30 1 1 0 0 0 0

A5H2Q8 1 1 0 1 0 0

B6QWH9 1 1 0 1 0 0

A5H2P4 1 1 0 1 0 0

B6QCA7 1 1 0 1 0 0

C0NL63 1 1 0 1 0 0

C6HCG7 1 1 0 1 0 0

A6R8Q8 1 1 0 1 0 0

C5G8R4 1 1 0 1 0 0

C5JKE6 1 1 0 1 0 0

C5FQ73 1 1 0 1 0 0

Q74ZZ1 1 1 0 1 0 0

A1CP85 1 1 0 1 0 0

B0XRM8 1 1 0 1 0 0

B8N4Q9 1 1 0 1 0 0

Q4WS76 1 1 0 1 0 0

Q2UCP6 1 1 0 1 0 0

Q0D0F3 1 1 0 1 0 0

Q5AME2 1 1 0 1 0 0

B9WFG1 1 1 0 1 0 0

Q6FIV4 1 1 0 1 0 0

C5M1X2 1 1 0 1 0 0

C4Y9D5 1 1 0 1 0 0

C5PA86 1 1 0 1 0 0

A8NMB4 1 1 0 1 0 0

P0CM23 1 1 0 1 0 0

P0CM22 1 1 0 1 0 0

P07547 1 1 0 1 0 0

Q6CJC4 1 1 0 1 0 0

B0D6H2 1 1 0 1 0 0

C5DN02 1 1 0 1 0 0

A4RD09 1 1 0 1 0 0

A8QCB2 1 1 0 1 0 0

C7YZ74 1 1 0 1 0 0

A1D244 1 1 0 1 0 0

Q8X071 1 1 0 1 0 0

C1H8L1 1 1 0 1 0 0

C1FYJ9 1 1 0 1 0 0



C0S433 1 1 0 1 0 0

B6HAA7 1 1 0 1 0 0

Q0V3H0 1 1 0 1 0 0

C4R4R8 1 1 0 1 0 0

A3LSZ2 1 1 0 1 0 0

Q12659 1 1 0 1 0 0

B2B223 1 1 0 1 0 0

B6JVD0 1 1 0 1 0 0

Q9P7R0 1 1 0 1 0 0

A7F7H0 1 1 0 1 0 0

Q5XNP0 1 1 0 1 0 0

D1ZA70 1 1 0 1 0 0

B8M0U4 1 1 0 1 0 0

Q8J294 1 1 0 1 0 0

C4JYG6 1 1 0 1 0 0

Q4P8F6 1 1 0 1 0 0

C9SE96 1 1 0 1 0 0

Q6C1X5 1 1 0 1 0 0

B3LGE9 1 1 0 1 0 0

C7GIN5 1 1 0 1 0 0

A6ZY89 1 1 0 1 0 0

C8Z543 1 1 0 1 0 0

P08566 1 1 0 1 0 0

C5DVG6 1 1 0 1 0 0

P56961 1 0 0 1 0 0

Q9Z6M4 1 0 0 1 0 0

O84375 1 0 0 1 0 0

P39912 0 1 0 0 1 0

Q8G5X4 0 1 0 1 0 0

Q9WYI3 0 1 0 1 0 0

Q14032 0 1 1 0 0 0

Q91X34 0 1 1 0 0 0

Q63276 0 1 1 0 0 0

Q5F5C8 0 1 0 0 0 1

Q9JWI7 0 1 0 0 0 1

Q9JXF1 0 1 0 0 0 1

Q2KXN6 0 1 0 0 0 1

B0F481 0 1 0 0 0 1

B3PI89 0 1 1 0 0 0

Q21FY5 0 1 1 0 0 0

C4LK80 0 1 0 0 0 1

Q6A6M4 0 1 0 0 0 1

D4H9Y2 0 1 0 0 0 1

O96553 1 0 1 0 0 1

P11586 1 0 1 0 0 1

Q922D8 1 0 1 0 0 1



Q5R8P0 1 0 1 0 0 1

P27653 1 0 1 0 0 1

Q8WZJ7 1 0 1 0 0 1

Q27772 1 0 1 0 0 1

P07245 1 0 1 0 0 1

O43007 1 0 1 0 0 1

P09440 1 0 1 0 0 1

Q76MX2 0 1 0 1 0 0

Q9FS29 0 1 0 1 0 0

F4K5T2 0 1 0 1 0 0

P22637 1 0 0 0 1 0

Q57307 1 0 0 0 1 0

P12676 1 0 0 0 1 0

P75726 0 1 0 1 0 0

P44459 0 1 0 1 0 0

P45413 0 1 0 1 0 0

O35033 0 0 0 1 0 1

O51752 0 0 0 1 0 1

P0ABQ1 0 0 0 1 0 1

P0ABQ0 0 0 0 1 0 1

P44953 0 0 0 1 0 1

Q58323 0 0 0 1 0 1

P67734 0 0 0 1 0 1

P67733 0 0 0 1 0 1

P73881 0 0 0 1 0 1

Q9KVD1 0 0 0 1 0 1

Q5E8M6 0 0 0 1 0 1

Q87T89 0 0 0 1 0 1

Q8DDX8 0 0 0 1 0 1

Q7MPS9 0 0 0 1 0 1

Q9GMC7 1 0 0 1 0 0

P05185 1 0 0 1 0 0

Q9N0U7 1 0 0 1 0 0

Q64410 1 0 0 1 0 0

P12394 1 0 0 1 0 0

Q9GMC8 1 0 0 1 0 0

Q95328 1 0 0 1 0 0

P05093 1 0 0 1 0 0

O73853 1 0 0 1 0 0

Q2XVA1 1 0 0 1 0 0

Q8HYM9 1 0 0 1 0 0

P70687 1 0 0 1 0 0

P27786 1 0 0 1 0 0

P30437 1 0 0 1 0 0

P70085 1 0 0 1 0 0

Q8HYN1 1 0 0 1 0 0



Q8HYN0 1 0 0 1 0 0

Q9GLD2 1 0 0 1 0 0

Q91Z85 1 0 0 1 0 0

P19100 1 0 0 1 0 0

O57525 1 0 0 1 0 0

P11715 1 0 0 1 0 0

Q29497 1 0 0 1 0 0

Q92113 1 0 0 1 0 0

Q9UVY5 0 0 0 1 1 0

O13284 0 0 0 1 1 0

Q46925 0 1 0 1 0 0

Q9S757 0 1 0 1 0 0

Q43153 0 1 0 1 0 0

A0KLD7 1 1 0 1 0 0

A4SHL4 1 1 0 1 0 0

A7MJ67 1 1 0 1 0 0

Q6D1A4 1 1 0 1 0 0

A1WWP8 1 1 0 1 0 0

A6TD45 1 1 0 1 0 0

A8G9Y3 1 1 0 1 0 0

A1JJS8 1 1 0 1 0 0

A7FLY4 1 1 0 1 0 0

Q1CLS2 1 1 0 1 0 0

A4TGU8 1 1 0 1 0 0

Q66EC9 1 1 0 1 0 0

A0KP37 1 1 0 1 0 0

A4SRH0 1 1 0 1 0 0

A7MKK9 1 1 0 1 0 0

Q6CZS0 1 1 0 1 0 0

A1WYD5 1 1 0 1 0 0

A6TF07 1 1 0 1 0 0

A8GKQ1 1 1 0 1 0 0

A1JSB7 1 1 0 1 0 0

A7FNS9 1 1 0 1 0 0

Q1CCP6 1 1 0 1 0 0

A4TPZ1 1 1 0 1 0 0

Q664M6 1 1 0 1 0 0

A0KQJ4 1 1 0 1 0 0

Q6F8G6 1 1 0 1 0 0

B3GZA0 1 1 0 1 0 0

B0BTC2 1 1 0 1 0 0

A6VPZ6 1 1 0 1 0 0

Q0VQ05 1 1 0 1 0 0

Q0A812 1 1 0 1 0 0

C1DKY7 1 1 0 1 0 0

Q1LTP4 1 1 0 1 0 0



Q7VQG9 1 1 0 1 0 0

Q493N1 1 1 0 1 0 0

Q2KWB0 1 1 0 1 0 0

Q7WMM4 1 1 0 1 0 0

Q7WB57 1 1 0 1 0 0

A9HZV6 1 1 0 1 0 0

Q7VZ77 1 1 0 1 0 0

P57500 1 1 0 1 0 0

Q7NZV7 1 1 0 1 0 0

A8AQS4 1 1 0 1 0 0

A7ZSP4 1 1 0 1 0 0

B7UK79 1 1 0 1 0 0

B7MCY5 1 1 0 1 0 0

B7L4P2 1 1 0 1 0 0

P0AEA9 1 1 0 1 0 0

B5YTS6 1 1 0 1 0 0

B7NMD7 1 1 0 1 0 0

B7N1F1 1 1 0 1 0 0

B7M1S1 1 1 0 1 0 0

C4ZUM4 1 1 0 1 0 0

B1X716 1 1 0 1 0 0

A8A5H5 1 1 0 1 0 0

A1AGQ2 1 1 0 1 0 0

Q0TC92 1 1 0 1 0 0

Q8FCW8 1 1 0 1 0 0

B1IP96 1 1 0 1 0 0

P0AEA8 1 1 0 1 0 0

B7NDX8 1 1 0 1 0 0

B6I2S7 1 1 0 1 0 0

B1LHG9 1 1 0 1 0 0

Q1R5R3 1 1 0 1 0 0

C5BGP8 1 1 0 1 0 0

A4WFH1 1 1 0 1 0 0

B7LS75 1 1 0 1 0 0

A9H259 1 1 0 1 0 0

Q5FP95 1 1 0 1 0 0

Q2SJB7 1 1 0 1 0 0

Q65T49 1 1 0 1 0 0

Q606C9 1 1 0 1 0 0

Q1H3L5 1 1 0 1 0 0

A9LZ77 1 1 0 1 0 0

P57001 1 1 0 1 0 0

P95370 1 1 0 1 0 0

A1KU10 1 1 0 1 0 0

Q0AHC1 1 1 0 1 0 0

Q820Q4 1 1 0 1 0 0



Q2Y6L7 1 1 0 1 0 0

Q3JCS0 1 1 0 1 0 0

Q7N8L2 1 1 0 1 0 0

Q6LM67 1 1 0 1 0 0

Q48H75 1 1 0 1 0 0

Q15YU1 1 1 0 1 0 0

A6V4H6 1 1 0 1 0 0

B7UW11 1 1 0 1 0 0

Q02NA3 1 1 0 1 0 0

Q9I0M7 1 1 0 1 0 0

Q1IBC9 1 1 0 1 0 0

Q4K9V8 1 1 0 1 0 0

C3JY53 1 1 0 1 0 0

Q3ILQ9 1 1 0 1 0 0

A4XUX3 1 1 0 1 0 0

A5W1H7 1 1 0 1 0 0

Q3KA85 1 1 0 1 0 0

Q88FT3 1 1 0 1 0 0

B1JBD9 1 1 0 1 0 0

Q87ZT0 1 1 0 1 0 0

Q4ZRL6 1 1 0 1 0 0

A4VLU6 1 1 0 1 0 0

Q4FSU1 1 1 0 1 0 0

Q1QAX7 1 1 0 1 0 0

A1SRP9 1 1 0 1 0 0

A5WEG6 1 1 0 1 0 0

A1AVU5 1 1 0 1 0 0

Q21K21 1 1 0 1 0 0

B5F8J0 1 1 0 1 0 0

A9MME5 1 1 0 1 0 0

Q57IZ5 1 1 0 1 0 0

B5FJQ1 1 1 0 1 0 0

B5R2C7 1 1 0 1 0 0

B5R7N6 1 1 0 1 0 0

B4TKQ4 1 1 0 1 0 0

B4SVI1 1 1 0 1 0 0

Q5PLV8 1 1 0 1 0 0

A9MT45 1 1 0 1 0 0

C0Q0F3 1 1 0 1 0 0

B5BH22 1 1 0 1 0 0

B4TY38 1 1 0 1 0 0

Q8Z201 1 1 0 1 0 0

P25924 1 1 0 1 0 0

B2U3H4 1 1 0 1 0 0

Q31VS0 1 1 0 1 0 0

Q32AZ8 1 1 0 1 0 0



Q0SZU8 1 1 0 1 0 0

Q83JB3 1 1 0 1 0 0

Q3YWQ3 1 1 0 1 0 0

Q2NVN0 1 1 0 1 0 0

Q31GG8 1 1 0 1 0 0

Q3SG32 1 1 0 1 0 0

B8GUD3 1 1 0 1 0 0

C4LAG5 1 1 0 1 0 0

A5CXE4 1 1 0 1 0 0

B2I985 1 1 0 1 0 0

Q9PF46 1 1 0 1 0 0

B0U4X0 1 1 0 1 0 0

Q87AI5 1 1 0 1 0 0

Q1C2P9 1 1 0 1 0 0

Q74Y23 1 1 0 1 0 0

Q5NRM4 1 1 0 1 0 0

Q9YBL2 0 1 0 1 0 0

Q58DK4 0 1 0 1 0 0

Q3LXA3 0 1 0 1 0 0

Q8VC30 0 1 0 1 0 0

Q9VXJ0 1 0 0 1 0 0

P51659 1 0 0 1 0 0

P51660 1 0 0 1 0 0

P97852 1 0 0 1 0 0

Q64898 0 1 1 0 0 0

P03162 0 1 1 0 0 0

P0C691 0 1 1 0 0 0

Q66403 0 1 1 0 0 0

P28858 0 1 1 0 0 0

Q6S6P1 0 1 1 0 0 0

Q9DKT8 0 1 1 0 0 0

Q9E6N9 0 1 1 0 0 0

P03161 0 1 1 0 0 0

P03158 0 1 1 0 0 0

P03159 0 1 1 0 0 0

P17100 0 1 1 0 0 0

Q02314 0 1 1 0 0 0

Q91C36 0 1 1 0 0 0

O91533 0 1 1 0 0 0

Q4R1S7 0 1 1 0 0 0

Q4R1R9 0 1 1 0 0 0

P17394 0 1 1 0 0 0

P17393 0 1 1 0 0 0

Q9QAB8 0 1 1 0 0 0

P17395 0 1 1 0 0 0

Q9PX62 0 1 1 0 0 0



Q67925 0 1 1 0 0 0

Q9QBF1 0 1 1 0 0 0

P0C676 0 1 1 0 0 0

Q9E6S5 0 1 1 0 0 0

P0C688 0 1 1 0 0 0

Q9YZR5 0 1 1 0 0 0

P12933 0 1 1 0 0 0

P31870 0 1 1 0 0 0

P03157 0 1 1 0 0 0

Q913A7 0 1 1 0 0 0

Q81165 0 1 1 0 0 0

P0C690 0 1 1 0 0 0

Q69028 0 1 1 0 0 0

P12900 0 1 1 0 0 0

P03155 0 1 1 0 0 0

P24024 0 1 1 0 0 0

P03156 0 1 1 0 0 0

Q9QMI1 0 1 1 0 0 0

P0C679 0 1 1 0 0 0

Q67878 0 1 1 0 0 0

O56655 0 1 1 0 0 0

Q69602 0 1 1 0 0 0

Q80IU7 0 1 1 0 0 0

Q9QAW8 0 1 1 0 0 0

Q80IU4 0 1 1 0 0 0

Q05486 0 1 1 0 0 0

Q8JMY4 0 1 1 0 0 0

Q99HS4 0 1 1 0 0 0

Q99HR5 0 1 1 0 0 0

Q69605 0 1 1 0 0 0

Q8QZQ2 0 1 1 0 0 0

Q9IBI4 0 1 1 0 0 0

P87744 0 1 1 0 0 0

Q9YPV8 0 1 1 0 0 0

Q8JMY7 0 1 1 0 0 0

Q8JN08 0 1 1 0 0 0

Q8JMZ7 0 1 1 0 0 0

Q9J5S2 0 1 1 0 0 0

P13846 0 1 1 0 0 0

P04293 0 1 1 0 0 0

P07917 0 1 1 0 0 0

P04292 0 1 1 0 0 0

P09854 0 1 1 0 0 0

P07918 0 1 1 0 0 0

P89453 0 1 1 0 0 0

Q2HRD0 0 1 1 0 0 0



P17192 0 1 1 0 0 0

P30028 0 1 1 0 0 0

P17193 0 1 1 0 0 0

Q6UDK1 0 1 1 0 0 0

P09252 0 1 1 0 0 0

Q4JQU7 0 1 1 0 0 0

P03160 0 1 1 0 0 0

P06275 0 1 1 0 0 0

P12899 0 1 1 0 0 0

P12898 0 1 1 0 0 0

P17396 0 1 1 0 0 0

P11292 0 1 1 0 0 0

O71304 0 1 1 0 0 0

Q05762 1 1 0 0 0 0

Q05763 1 1 0 0 0 0

Q23695 1 1 0 0 0 0

P45350 1 1 0 0 0 0

P16126 1 1 0 0 0 0

P07382 1 1 0 0 0 0

O81395 1 1 0 0 0 0

Q5UQG3 1 1 0 0 0 0

Q2QRX6 1 1 0 0 0 0

Q27828 1 1 0 0 0 0

Q27713 1 1 0 0 0 0

P20712 1 1 0 0 0 0

P13922 1 1 0 0 0 0

O02604 1 1 0 0 0 0

P46103 1 1 0 0 0 0

P51820 1 1 0 0 0 0

Q07422 1 1 0 0 0 0

Q27783 1 1 0 0 0 0

Q27793 1 1 0 0 0 0

A5H0J2 0 0 1 0 0 1

P32528 0 0 1 0 0 1

P40939 1 0 0 1 0 0

Q8BMS1 1 0 0 1 0 0

Q29554 1 0 0 1 0 0

P55100 1 0 0 1 1 0

Q6NYL3 1 0 0 1 1 0

Q08426 1 0 0 1 1 0

Q9DBM2 1 0 0 1 1 0

Q5R5M8 1 0 0 1 1 0

P07896 1 0 0 1 1 0

Q05902 0 1 1 0 0 0

P49872 0 1 1 0 0 0

P16118 0 1 1 0 0 0



P70266 0 1 1 0 0 0

P07953 0 1 1 0 0 0

P26285 0 1 1 0 0 0

O60825 0 1 1 0 0 0

P70265 0 1 1 0 0 0

Q5NVT1 0 1 1 0 0 0

Q9JJH5 0 1 1 0 0 0

Q28901 0 1 1 0 0 0

Q16875 0 1 1 0 0 0

Q5R9C1 0 1 1 0 0 0

O35552 0 1 1 0 0 0

Q16877 0 1 1 0 0 0

Q4R8B6 0 1 1 0 0 0

Q6DTY7 0 1 1 0 0 0

P25114 0 1 1 0 0 0

Q91348 0 1 1 0 0 0

Q9MB58 0 1 1 0 0 0

Q21122 0 1 1 0 0 0

Q91309 0 1 1 0 0 0

A3N3I3 0 0 0 1 1 0

B3H2V8 0 0 0 1 1 0

B0BTG8 0 0 0 1 1 0

A6VPA5 0 0 0 1 1 0

B9JGS3 0 0 0 1 1 0

Q7D235 0 0 0 1 1 0

B9JYL4 0 0 0 1 1 0

Q0VRB5 0 0 0 1 1 0

Q0A8W4 0 0 0 1 1 0

B6ELS3 0 0 0 1 1 0

C1DLY7 0 0 0 1 1 0

Q1LT61 0 0 0 1 1 0

Q7U352 0 0 0 1 1 0

Q492P4 0 0 0 1 1 0

Q89WC3 0 0 0 1 1 0

A5E877 0 0 0 1 1 0

A4YJF9 0 0 0 1 1 0

B2S9G5 0 0 0 1 1 0

Q2YQQ8 0 0 0 1 1 0

Q57A93 0 0 0 1 1 0

A9MA02 0 0 0 1 1 0

C0RG54 0 0 0 1 1 0

P64103 0 0 0 1 1 0

A5VTB9 0 0 0 1 1 0

B0CK19 0 0 0 1 1 0

P64104 0 0 0 1 1 0

B8GVZ8 0 0 0 1 1 0



Q9A246 0 0 0 1 1 0

B0T7B6 0 0 0 1 1 0

B3PK88 0 0 0 1 1 0

Q1R0D9 0 0 0 1 1 0
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B1MCA4 0 0 1 1 0 0

P0A5V1 0 0 1 1 0 0

A1KIK4 0 0 1 1 0 0

C1AN60 0 0 1 1 0 0

A4TC13 0 0 1 1 0 0

B2HP67 0 0 1 1 0 0

Q741F1 0 0 1 1 0 0



A5U2B7 0 0 1 1 0 0

P0A5V0 0 0 1 1 0 0

A0PPL6 0 0 1 1 0 0

A1T8K1 0 0 1 1 0 0

Q5YTP3 0 0 1 1 0 0

A6LHN0 0 0 1 1 0 0

Q3B2I6 0 0 1 1 0 0

B4SE30 0 0 1 1 0 0

B2RIG7 0 0 1 1 0 0

Q7MWK9 0 0 1 1 0 0

B4S5Y8 0 0 1 1 0 0

A4SFY4 0 0 1 1 0 0

C0ZZE5 0 0 1 1 0 0

Q0S0K2 0 0 1 1 0 0

A8LY38 0 0 1 1 0 0

A4X639 0 0 1 1 0 0

Q5HF07 0 0 1 1 0 0

Q99TA0 0 0 1 1 0 0

Q7A511 0 0 1 1 0 0

Q6GFT5 0 0 1 1 0 0

Q6G8G1 0 0 1 1 0 0

Q8NW14 0 0 1 1 0 0

Q5HNE3 0 0 1 1 0 0

Q8CNU2 0 0 1 1 0 0

Q4L7B1 0 0 1 1 0 0

Q49YJ7 0 0 1 1 0 0

Q0AXM5 0 0 1 1 0 0

P74104 0 0 1 1 0 0

Q9X2E6 0 0 1 1 0 0

B0KAI2 0 0 1 1 0 0

B0K0Y9 0 0 1 1 0 0

B1H0I0 0 0 1 1 0 0

P50853 1 0 1 0 0 0

O66534 1 0 1 0 0 0

P70814 1 0 1 0 0 0

P17618 1 0 1 0 0 0

Q89AB0 1 0 1 0 0 0

Q9PLJ6 1 0 1 0 0 0

Q9Z735 1 0 1 0 0 0

O84735 1 0 1 0 0 0

O24750 1 0 1 0 0 0

P25539 1 0 1 0 0 0

P44326 1 0 1 0 0 0

P71677 1 0 1 0 0 0

P19811 0 1 1 0 0 0

Q06502 0 1 1 0 0 0



Q83017 0 1 1 0 0 0

Q9YN02 0 1 1 0 0 0

Q8B912 0 1 1 0 0 0

Q04561 0 1 1 0 0 0

Q9WJB2 0 1 1 0 0 0

A0MD28 0 1 1 0 0 0

Q68772 0 1 1 0 0 0

P21325 0 1 1 0 0 0

P0AG24 0 1 1 0 0 0

P33247 0 0 0 1 1 0

P54924 0 0 0 1 1 0

P55348 0 0 0 1 1 0

Q2PGG3 0 0 0 1 1 0

A0JNI4 0 0 0 1 1 0

Q54HH2 0 0 0 1 1 0

Q9GZT4 0 0 0 1 1 0

Q9QZX7 0 0 0 1 1 0

A2XWA9 0 0 0 1 1 0

Q7XSN8 0 0 0 1 1 0

Q76EQ0 0 0 0 1 1 0

O59791 0 0 0 1 1 0

A8AH80 0 1 0 1 0 0

A7MF59 0 1 0 1 0 0

Q9EXP2 0 1 0 1 0 0

A7ZME5 0 1 0 1 0 0

B7US19 0 1 0 1 0 0

B7MA32 0 1 0 1 0 0

B7L5N2 0 1 0 1 0 0

Q7ADI4 0 1 0 1 0 0

B5Z4B3 0 1 0 1 0 0

B7NTV6 0 1 0 1 0 0

B7MV59 0 1 0 1 0 0

B7M0N5 0 1 0 1 0 0

C4ZYE2 0 1 0 1 0 0

B1XFY8 0 1 0 1 0 0

A8A0M6 0 1 0 1 0 0

A1ABL8 0 1 0 1 0 0

Q0THE9 0 1 0 1 0 0

Q8FH54 0 1 0 1 0 0

B1IQ76 0 1 0 1 0 0

P77444 0 1 0 1 0 0

B7N516 0 1 0 1 0 0

B6IBB9 0 1 0 1 0 0

B1LE56 0 1 0 1 0 0

Q1RBB6 0 1 0 1 0 0

A4W9R3 0 1 0 1 0 0



Q6D625 0 1 0 1 0 0

B7LQ96 0 1 0 1 0 0

B5XQH2 0 1 0 1 0 0

A6TAE4 0 1 0 1 0 0

C6DKM6 0 1 0 1 0 0

Q7N3U5 0 1 0 1 0 0

B5F7C4 0 1 0 1 0 0

A9MEP3 0 1 0 1 0 0

Q57PR2 0 1 0 1 0 0

B5FIM3 0 1 0 1 0 0

B5QVS9 0 1 0 1 0 0

B5RAT4 0 1 0 1 0 0

B4TGK9 0 1 0 1 0 0

B4T4R6 0 1 0 1 0 0

A9N142 0 1 0 1 0 0

B4TUT5 0 1 0 1 0 0

Q8XF77 0 1 0 1 0 0

Q7CQN5 0 1 0 1 0 0

A8GDU4 0 1 0 1 0 0

B2U2I4 0 1 0 1 0 0

Q321D9 0 1 0 1 0 0

Q7UAH4 0 1 0 1 0 0

Q3Z233 0 1 0 1 0 0

Q8D2J7 0 1 0 1 0 0

A7FHJ2 0 1 0 1 0 0

Q1C761 0 1 0 1 0 0

B2K5J4 0 1 0 1 0 0

Q8D0M6 0 1 0 1 0 0

A9QZC9 0 1 0 1 0 0

Q1CIJ6 0 1 0 1 0 0

A4TIP2 0 1 0 1 0 0

Q66A22 0 1 0 1 0 0

B1JJ48 0 1 0 1 0 0

P22291 0 1 0 1 0 0

P25239 0 1 1 0 0 0

Q1LRV9 0 0 0 1 1 0

Q0VZ68 0 0 0 1 1 0

B8ZV93 0 0 0 1 1 0

Q92F56 0 1 0 0 0 1

Q724J4 0 1 0 0 0 1

Q92215 1 1 0 0 0 0

Q947C4 0 0 0 1 1 0

Q675L4 0 0 0 1 1 0

Q50EK2 0 0 0 1 1 0

Q38710 0 0 0 1 1 0

A0R6E0 0 0 1 0 1 0



O07176 0 0 1 0 1 0

O28668 0 1 0 1 0 0

P57366 0 0 0 1 1 0

P42393 0 0 0 1 1 0

P59459 0 0 0 1 1 0

O68427 0 0 0 1 1 0

Q44603 0 0 0 1 1 0

P06560 0 0 0 1 1 0

Q8X7B7 0 0 0 1 1 0

P00909 0 0 0 1 1 0

P46451 0 0 0 1 1 0

Q9ZJU8 0 0 0 1 1 0

O25867 0 0 0 1 1 0

P57855 0 0 0 1 1 0

P24920 0 0 0 1 1 0

Q8Z7D9 0 0 0 1 1 0

P00910 0 0 0 1 1 0

Q9KST5 0 0 0 1 1 0

P22098 0 0 0 1 1 0

Q8ZEG8 0 0 0 1 1 0

P18483 0 0 0 1 1 0

P05328 0 0 0 1 1 0

Q92411 0 0 0 1 1 0

P0CN87 0 0 0 1 1 0

P27710 0 0 0 1 1 0

P0CN86 0 0 0 1 1 0

P00904 0 1 0 1 0 0

P06531 0 0 0 1 1 0

P00908 0 0 0 1 1 0

P24773 0 0 0 1 1 0

P25170 0 0 0 1 1 0

P00905 0 1 0 1 0 0

Q44471 1 0 0 1 0 0

P70787 1 0 0 1 0 0

O34296 1 0 0 1 0 0

P70792 1 0 0 1 0 0

O34295 1 0 0 1 0 0

P42958 1 0 0 1 0 0

Q07163 0 1 1 0 0 0

P07023 1 0 0 0 1 0

Q02287 1 0 0 0 1 0

Q9LDN2 0 1 0 1 0 0

Q8RZA1 0 1 0 1 0 0

Q42586 0 1 0 1 0 0

P31754 0 1 0 1 0 0

P09556 0 1 0 1 0 0



Q01637 0 1 0 1 0 0

P11172 0 1 0 1 0 0

P13439 0 1 0 1 0 0

Q25566 0 1 0 1 0 0

O13527 0 1 1 0 0 0

Q12490 0 1 1 0 0 0

Q12193 0 1 1 0 0 0

Q12491 0 1 1 0 0 0

P25384 0 1 1 0 0 0

Q03855 0 1 1 0 0 0

Q99231 0 1 1 0 0 0

Q07793 0 1 1 0 0 0

P0C2I2 0 1 1 0 0 0

P0C2I3 0 1 1 0 0 0

Q12472 0 1 1 0 0 0

Q03494 0 1 1 0 0 0

Q07791 0 1 1 0 0 0

Q03612 0 1 1 0 0 0

Q03619 0 1 1 0 0 0

P0CX63 0 1 1 0 0 0

Q12141 0 1 1 0 0 0

Q12269 0 1 1 0 0 0

Q12316 0 1 1 0 0 0

Q12337 0 1 1 0 0 0

P0CX64 0 1 1 0 0 0

Q99315 0 1 1 0 0 0

O13535 0 1 1 0 0 0

P0C2J7 0 1 1 0 0 0

Q7LHG5 0 1 1 0 0 0

Q9UTK9 0 1 1 0 0 0

P47098 0 1 1 0 0 0

P47100 0 1 1 0 0 0

P47024 0 1 1 0 0 0

Q12088 0 1 1 0 0 0

P0C2I5 0 1 1 0 0 0

P0C2I6 0 1 1 0 0 0

P0C2I7 0 1 1 0 0 0

P0C2J3 0 1 1 0 0 0

P0C2J5 0 1 1 0 0 0

Q04711 0 1 1 0 0 0

Q03434 0 1 1 0 0 0

Q04214 0 1 1 0 0 0

Q04670 0 1 1 0 0 0

Q12112 0 1 1 0 0 0

Q99337 0 1 1 0 0 0

Q12273 0 1 1 0 0 0



Q92393 0 1 1 0 0 0

Q12113 0 1 1 0 0 0

Q12501 0 1 1 0 0 0

Q12414 0 1 1 0 0 0

P0C2I9 0 1 1 0 0 0



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 = {λi}, i = 

1..|L| be the set of labels in a multi-label classification domain. In addition, k-labelsets are the set Y ⊆ L 

with k = |Y|. Next we introduce the term 𝐿𝑘 which is the set of all distinct k-labelsets on L and the size 

of it is given by the binomial coefficient: |Lk|= (|L|

k
). 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 𝐿𝑘 without replacement. And then it learns an LP classifier hi: X →P(Yi). 

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

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 |Lk|. 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. 
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Input: Number of models m, size of labelset k, set of labels L, training set D 
Output: An ensemble of LP classifers h

i
 and corresponding k-labelsets Y

i
 

R ← L
k
; 

for i ← 1 to min(m, | L
k 
|) do 

      Y
i
 ← a k-labelset randomly selected from R; 

      train an LP classifers h
i
 : X → P(Y

i
) on D; 

      R ← R \ {Y
i
}; 



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 ⊆ Y, we suppose KNNs are considered in the MLKNN 

method. Let yx⃗⃗  ⃗ be the class vector for instance x, where its lth component 𝑦𝑥⃗⃗  ⃗(l) (l ∈Y) takes the value 

of 1 if l ∈ Y and 0 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 

C⃗⃗ x(l)= ∑ y
a

⃗⃗  ⃗
a∈N(x)

(l),  l∈Y                                               ( 1 ) 

Where C⃗⃗ x(l) counts the number of neighbors of x belonged to the lth class. 

For the test instance t, MLKNN determines its KNNs N(t) in the training set. Next, let 𝐻1
𝑙  denotes 

event that t has label l, and then H0
l  denotes the event that t has not label l. Further, we use 

Ej
l(j ∈{0,1,…,K}) to represent the event that exactly j instance which have label l exist among the KNNs 

of t. Hence, based on the membership counting vector C⃗⃗ t, we denote the category vector y 
t
 using the 

MAP principle below 

y 
t
(l)= arg max

b∈{0,1}      
P (Hb

l |E
C⃗⃗ t(l)
l ) ,  l∈Y                                    ( 2 ) 

The Bayesian rule can also be written as 

y 
t
(l)= arg max

b∈{0,1}        

P(Hb
l )P (E

C⃗⃗ t(l)
l |Hb

l )

P (E
C⃗⃗ t(l)
l )

 

        = arg max
b∈{0,1}        

P(Hb
l )P (E

C⃗⃗ t(l)
l |Hb

l )                                    ( 3 ) 

For the purpose of determining the category vector 𝑦 𝑡 , all the information needed is the prior 

probabilities  P(Hb
l )(l∈Y, b∈{0,1})  and the posterior probabilities 𝑃(𝐸𝑗

𝑙|𝐻𝑏
𝑙 ) ( 𝑗 ∈ {0,1, … , 𝐾} ). In 

brief, these prior and posterior probabilities can all be directly estimated from the training set based on 

frequency counting. 
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