Supporting Information S 1. The benchmark datasetused to train and test the
model for predicting the sites of multiple K-PTM typesin proteins. It contains
6,394 samples of27-tuple peptides. The Ft column in the table below is for the
code of a sample. Them® and 39 columns for the protein and its site where the
sample is extracted. The @ AT 1T O 1
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marks in columns 58, there are 1,50 samples not belonging to any of the four

K-PTM types, 3,85 samples belonging to one type of 2TM, 740 to two types, 9

to three types, and none to all the four types. See the main text for further

Site

Sequences

explanation.
Sample # | Protein ID
1 P31327
2 P31327
3 P31327
4 P31327
5 P31327
6 P31327
7 P31327
8 P31327
9 P31327
10 P31327
11 P31327
12 P31327
13 P31327
14 P31327
15 P31327
16 P31327
17 P31327
18 P31327
19 P31327
20 P31327
21 P31327
22 P31327
23 P31327
24 P31327
25 P31327
26 P31327
27 P31327
28 P31327
29 P31327
30 P31327
31 P31327
32 P31327
33 P31327
34 P31327
35 P31327
36 P31327
37 P31327
38 P31327

1008
55
57

119
157
171
182
197
207
210
214
219
228
280
287
307
310
400
402
412
453
458
522
527
532
553
560
575
612
630
751
757
772
793
811
831
841
856

CAVSSIRTLRQLBKTVVVNCNPETVY
KAQTAHIVLEDGRKMKGYSFGHPSSV
QTAHIVLEDGTKMGYSFGHPSSVAG
APDTTALDELGLRBYLESNGIKVSGLL
LATKSLGQWLQE®PAIYGVDTRMLT
VPAIYGVDTRMLKIIRDKGTMLGKIE
LTKIRDKGTML&KIEFEGQPVDFVDH
EFEGQPVDFVDRQNLIAEVSTKDVK]
DPNKQNLIAEVSKDVKVYGKGNPTK
KQNLIAEVSTKDYVYGKGNPTKVVA
IAEVSTKDVKVY®BGNPTKVVAVDCG
TKDVKVYGKGNKVVAVDCGIKNNVI
GNPTKVVAVDCGBNNVIRLLVKRGAE
NPALAEPLIQNVRILESDRKEPLFGI
LIQNVRKILESDRKEPLFGISTGNLIT
STGNLITGLAAGKTYKMSMANRGQN
NLITGLAAGAKTYXMSMANRGQNQP
TEYLFDSFFSLIKKGKATTITSVLPKP
YLFDSFFSLIKKGKATTITSVLPKPAL
KKGKATTITSVLKPALVASRVEVSK
EFDYSGSQAVKAHBENVKTVLMNPN
GSQAVKAMKEENYVLMNPNIASVQT
GGQTALNCGVEKRGVLKEYGVKVL
LNCGVELFKRGWEYGVKVLGTSVE]
ELFKRGVLKEYGXVLGTSVESIMATE
SIMATEDRQLFSRLNEINEKIAPSFA
RQLFSDKLNEINEIAPSFAVESIEDA
APSFAVESIEDAIKAADTIGYPVMIRS
ICPNRETLMDLSKAFAMTNQILVEKS
TNQILVEKSVTGWEIEYEVVRDADDN
AAKIALGIPLPEI KNVVSGKTSACFE
GIPLPEIKNVVSXTSACFEPSLDYM
SACFEPSLDYMMWIPRWDLDRFHGT]Y
RFHGTSSRIGSSKSEVGEVMAIGRTFE
VMAIGRTFEESFRALRMCHPSIEGFT
PSIEGFTPRLPMNEWPSILDLRKELS
PMNKEWPSNLDKRLSEPSSTRIYAI

LSEPSSTRIYAIAKAIDDNMSLDEIEK
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39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

P31327
P31327
P31327
P31327
P31327
P31327
P31327
P31327
P31327
P31327
P31327
P31327
P31327
P31327
P31327
P31327
P31327
P31327
P31327
P31327
P31327
P31327
P04637
P04637
P04637
P04637
P04637
P04637
P04637
P04637
P04637
P62805
P62805
P62805
P62805
P62805
P62805
P62805
P62805
P02545
P02545
P02545
P02545
P02545
P02545
P02545
P02545
P02545
P02545
P02545
P02545
P02545
P10809
P10809
P10809
P10809
P10809
P10809

875
889
892
908
915
919
935
1074
1100
1149
1168
1183
1222
1232
1269
1291
1356
1360
1444
1471
1479
1486
201
120
305
321
370
372
373
381
382
60

13
17
21
32
92
420
32
108
123
135
155
171
201
260
270
311
450
457
233
31
75
82
87
91

MSLDEIEKLTYIDKWFLYKMRDILNM
WFLYKMRDILNME&LKGLNSESMTEE
YKMRDILNMEKTKGLNSESMTEETLH
NSESMTEETLKRAEIGFSDKQISKCL
ETLKRAKEIGFSIQISKCLGLTEAQT
RAKEIGFSDKQIKCLGLTEAQTRELF
GLTEAQTRELRLKNIHPWVKQIDTLA
PNNLAVPLYKNGXIMGTSPLQIDRAE
EDRSIFSAVLDEIKVAQAPWKAVNTL
GSAMNVVFSEDEMFLEEATRVSQEH
ATRVSQEHPVVIRFVEGAREVEMDA
VEGAREVEMDAYBGRVISHAISEHV
MLPTQTISQGAIEKVKDATRKIAKAFA
AIEKVKDATRKIAKAFAISGPFNVQFL
CNLRASRSFPFUSTLGVDFIDVATKV
VATKVMIGENVDEHLPTLDHPIIPAD

HTAFLKAMLSTGRPQKGILIGIQQS

LKAMLSTGFKIP@GILIGIQQSFRPR

SIDLVINLPNNNTKFVHDNYVIRRTAV
DSGIPLLTNFQVKLFAEAVQKSRKVI
NFQVTKLFAEAVKBRKVDSKSLFHYF
FAEAVQKSRKVDSLFHYRQYSAGK
PGRDRRTEEENKRGEPHHELPPGS
YGFRLGFLHSGTHSVTCTYSPALNKN
KGEPHHELPPG&RALPNNTSSSPQF
LPNNTSSSPQPK#PLDGEYFTLQIRG
KEPGGSRAHSSHBKKGQSTSRHKK
PGGSRAHSSHLKBGQSTSRHKKLM
GGSRAHSSHLKSIGQSTSRHKKLMF
HLKSKKGQSTSR#LMFKTEGPDSD
LKSKKGQSTSRHEKMFKTEGPDSDD
ISGLIYEETRGVLKVFLENVIRDAVTY
MMMMMMMMMSE&RBEGLGKGGAKR
MMMMMMSGRGKGIGKGGARHRKY
MMSGRGKGGKGBIGBAKRHRKVLRD
RGKGGKGLGKGIGHRKVLRDNIQGI
GKGLGKGGAKRKR RDNIQGITKPA
HRKVLRDNIQGIKPAIRRLARRGGVK
RKTVTAMDVVYARQGRTLYGFGGG
SQTQGGGSVTKKRESTESRSSFSQH
TPLSPTRITRLQEKEDLQELNDRLAV
VAKERARLQLELSVREEFKELKARNT
REEFKELKARNTKEGDLIAAQARLKD
KKEGDLIAAQARKDLEALLNSKEAAL
NSKEAALSTALSERTLEGELHDLRG
LEGELHDLRGQ\KAEAALGEAKKQL(
LRRVDAENRLQTHEELDFQKNIYSEE
ELRAQHEDQVEGBKELEKTYSAKLDN
EQYKKELEKTYSALDNARQSAERNS
RIDSLSAQLSQLBQLAAKEAKLRDLE
SGRVAVEEVDEEGVRLRNKSNEDQ
EVDEEGKFVRLR{SNEMSMGNWOQI
DRGYISPYFINTSKGQKCEFQDAYVL
LAPHLTRAYAKDNFGADARALMLQG
VIIEQSWGSPKVRDGVTVAKSIDLKD
GSPKVTKDGVT\WSIDLKDKYKNIGA
TKDGVTVAKSIDKDKYKNIGAKLVQL

VTVAKSIDLKDKYXNIGAKLVQDVANN
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98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154

P10809
P10809
P10809
P10809
P10809
P10809
P10809
P10809
P10809
P10809
P10809
P10809
P10809
P10809
P10809
P10809
P10809
P10809
P10809
P10809
P10809
P21333
P21333
P21333
P21333
P21333
P21333
P21333
P21333
P21333
P21333
P21333
P21333
P21333
P21333
P21333
P35579
P35579
P35579
P35579
P35579
P35579
P35579
P35579
P35579
P35579
P35579
P35579
P35579
P35579
P35579
P35579
P35579
P35579
P35579
P35579
P00480
P00480

125
130
133
156
191
202
205
218
236
249
250
269
292
301
314
352
359
389
396
469
481
43
376
508
700
781
837
865
906
1071
1372
1538
2569
2575
2607
2621
373

102
299
613
850
860
975
1024
1249
1357
1392
1404
1410
1459
1638
1669
1793
1802
1845
210
70

GTTTATVLARSIAEGFEKISKGANPY
TVLARSIAKEGFEKISKGANPVEIRRG
ARSIAKEGFEKIKXGANPVEIRGVML
GVMLAVDAVIAEKKQSKPVTTPEEIA
GDKEIGNIISDAMKKVGRKGVITVKDC
AMKKVGRKGVITKDGKTLNDELEIIE
KVGRKGVITVKDGTLNDELEIEGMK
KTLNDELEIEGMKFDRGYISPYFINT
YISPYFINTSKGCKCEFQDAYVLLSEK
KCEFQDAYVLLSEKISSIQSIVPALE
CEFQDAYVLLSEKISSIQSIVPALEI
SIVPALEIANAHRKPLVIIAEDVDGEA
DGEALSTLVLNRKVGLQVVAVKAPG
LNRLKVGLQVVAXAPGFGDNRKNQL
KAPGFGDNRKN@DMAIATGGAVFGE
PHDLGKVGEVIVRDDAMLLKGKGDK
GEVIVTKDDAMLKGKGDKAQIEKRIQ
EQLDVTTSEYEKE.NERLAKLSDGVA
SEYEKEKLNERLKALSDGVAVLKVGG
PANEDQKIGIEIl KRTLKIPAMTIAKN
IKRTLKIPAMTIA KNAG\EGSLIVEKI
ATEKDLAEDAPW#QQNTFTRWCNE
QHIAKSPFEVYVBSQGDASKVTAQG
VRVKETADFKVYRGAGSGELKVTVK
VAVNKPAEFTVDAHGGKAPLRVQVQ
HPNKVKVYGPGYAGLKAHEPTYFTV
FDIIRNDNDTFTWKYTPRGAGSYTIM
FADQATPTSPIRWVEPSHDASKVKA
THFTVNAKAAGKGDVQFSGLTKGD
PLEAVAPTKPSKKAFGPGLQGGSAG
RVHGPGIQSGTTHPNKFTVETRGAG
YGDEEVPRSPFKYLPTHDASKVKAS
DASKVVAKGLGLSAYVGQKSSFTVD
AKGLGLSKAYVG@SFTVDCSKAGN
VHGPRTPCEEILYHVGSRLYSVSYLI
HVGSRLYSVSYLKDKGEYTLVVKWG
TDQASMPDNTAAYSHLLGINVTDFT
MMMMMMMAQQAALYVDKNFINNPL
LTCLNEASVLHNKERYYSGLIYTYSG
EHLKTDLLLEPYMYRFLSNGHVTIPG
LHQSSDKFVSELNDVDRIIGLDQVAG
LLQVSRQEEEMMEEELVKVREKQLA
MMAKEEELVKVRBLAAENRLTEME]
LQLEKVTTEAKLKLEEEQIILEDQNC
EEEKSKSLAKLKNHEAMITDLEERLR
LLQGKGDSEHKRNEAQLQELQVKFI
QLEEEEEAKHNLEIATLHAQVADMK
CLETAEEVKRKLEDLEG.SQRHEEKYV
QKDLEGLSQRHE®AAYDKLEKTKTR
LSQRHEEKVAAYREKTKTRLQQELL
FDQLLAEEKTISACYAEERDRAEAEA
HIDSANKNRDEAKQLRKLQAQMKDG
DTRASREEILAQKENEKKLKSMEAE
RQQLERQNKELKYQEMEGTVKSKY
ELKVKLQEMEGTRBKYKASITALEAK
AACKQVRRTEKKIDVLLQVDDERRN
GNNILHSIMMSAKFGMHLQAFPKGY

LWLSADLKFRIKGBGEYLPLLQGKSL(
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164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212

P00480
P00480
P00480
P00480
P00480
P00480
P00480
P00480
P00480
P00480
P00480
P68431
P68431
P68431
P68431
P68431
P68431
P68431
P68431
P68431
P68431
P68431
P68431
P68431
P00441
P00441
P00441
P00441
P00441
P00441
P00367
P00367
P00367
P00367
P00367
P00367
P00367
P00367
P00367
P00367
P00367
P00367
P00367
P00367
P00367
P00367
P00367
P00367
P00367
P00367
P00367
P00367
P00367
P00367
P00367
P00367
P00367
Q09472

80

88
144
221
231
238
243
274
289
292
307

10
15
19
24
28
37
38
57
65
80
116
123
129

10
92
123
137
444
68
84
110
162
171
183
187
191
200
211
326
346
352
363
365
386
390
399
415
457
477
480
503
527
545
548
1468

IKQKGEYLPLLQ®SLGMIFEKRSTRT,
PLLQGKSLGMIFERSTRTRLSTETGF
LSSMADAVLARVKQSDLDTLAKEASI
AAKFGMHLQAATR®GYEPDASVTKLAER
ATPKGYEPDAS\KLAEQYAKENGTK
PDASVTKLAEQYAENGTKLLLTNDPL,
TKLAEQYAKENGILLLTNDPLEAAHG
ITDTWISMGQEEEKKRLQAFQGYQV,
KRLQAFQGYQVRWAKVAASDWTFLE
QAFQGYQVTMKIXAASDWTFLHCL
AASDWTFLHCLR#®EEVDDEVFYSPH
MMMMMMMMMMERARKSTGGKAP
MMMMMARTKQRERGGKAPRKQLA
ARTKQTARKSTG@PRKQLATKAARH
QTARKSTGGKARRLATKAARKSAPA
STGGKAPRKQLARARKSAPATGGV
KAPRKQLATKAARSAPATGGVKKPH
KAARKSAPATGGKPHRYRPGTVAL
AARKSAPATGGWRHRYRPGTVALR
PGTVALREIRRY®STELLIRKLPFQR
IRRYQKSTELLIRKLPFQRLVREIAQD
PFQRLVREIAQDRTDLRFQSSAVMA
GLFEDTNLCAIHARVTIMPKDIQLAR
LCAIHAKRVTIMP{DIQLARRIRGERA
RTLVVHEKADDLGGGNEESTKTGNA
MMMMMMMMMMRATAKGDGPVQ(
MMMMMATKAVGBDGPVQGIINFEQ
ERHVGDLGNVTADGVADVSIEDSVI
DHCIIGRTLVVHEKADDLGKGGNEES
ADDLGKGGNEESTGNAGSRLACGV
NAGGVTVSYFEWNLNHVSYGRLTFH
EAVADREDDPNRMVEGFFDRGASI
EGFFDRGASIVERLVEDLRTRESEE(
QKRNRVRGILRIIKPCNHVLSLSFPIR
GIRYSTDVSVDEWALASLMTYKCAV
VDEVKALASLMTNCAVVDVPFGGAK
YKCAVVDVPFGGAGVKINPKNYTDN
VVDVPFGGAKAGINPKNYTDNELEK|
PFGGAKAGVKINBNYTDNELEKITRR
KINPKNYTDNELEITRRFTMELAKKG
LEKITRRFTMELAKGFIGPGIDVPAP
GLHSMRYLHRFGGIAVGESDGSIWN
SDGSIWNPDGIDRELEDFKLQHGSIL
NPDGIDPKELEDRLQHGILGFPKAK
DFKLQHGSILGFRAKPYEGSILEADG
KLQHGSILGFPKAPYEGSILEADCDI
EADCDILIPAASEKQLTKSNAPRVKAV
DILIPAASEKQLTKSNAPRVKAKIIAE
KQLTKSNAPRVKAIAEGANGPTTPE
AEGANGPTTPEADFLERNIMVIPDL
KNLNHVSYGRLTEYERDSNYHLLMS
YHLLMSVQESLBREGKHGGTIPIVPT
LMSVQESLERKRGGGTIPIVPTAEF
TAEFQDRISGASEDIVHSGLAYTMER
MERSARQIMRTAMNLGLDLRTAAY\
LDLRTAAYVNAIKVFKVYNEAGVTF1
RTAAYVNAIEKVRVYNEAGVTFTTTT

QKIPKPKRLQEWRKMLDKAVSERIVH
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