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Supplementary Tables

Table S1. SHIFTX+ training dataset consisting of 197 PDB and BMRB pairs. The resolution (Res) of each structure is

given on the right.”

PDB ID BMRB # Res. (A) PDB ID BMRB # Res. (A)
3LZTA 4562 0.93 1LZ1 5142 1.50
1F94 5097 0.97 1USTA 4472 1.50
ICEXA 4101 1.00 1VDQA 4562 1.50
IMNSD 5623 1.00 3EZMA cvn 1.50
5PTI bpti 1.00 1L2HA 1062 1.54
1ICNR 6455, 6504 1.05 2GFEB 5182 1.54
1A6KA 4061 1.10 2A0B 4857 1.57
1D4ATA 5211 1.10 1BFG 4091 1.60
1H4GA 5352 1.10 1BKFA 4077 1.60
1L3K 4084 1.10 IHCBA 4022 1.60
1007 6375 1.13 1JL3B 6075 1.60
IRGEB 4259 1.15 1Q5PA maxacal 1.60
1TIM 5194 1.18 1QRXA alpha_LP 1.60
IM15A 6542 1.20 2AWG 6923 1.60
INEY 7216 1.20 2D3D 6922 1.60
2FCLA 7086 1.20 2EWRA 7086 1.60
IRUV 4031 1.25 4FGFA 4091 1.60
1DBF 6494 1.30 4ICBA 390, 6699 1.60
1F4P 5571 1.30 2CPLA cyclophilin 1.63
1PLC 4019 1.33 1F5RI 4968 1.65
111JB 5220 1.39 1G4CB 4299 1.65
1EW4 5792 1.40 1IM45A 6332 1.65
ITWTA 5130, 5142 1.40 INQDA 15722 1.65
1KJLA 4909 1.40 1SNCA snase, 4052 1.65
IKQR 5275 1.40 2ITLA 4127 1.65
2CIAA 6575 1.45 2TRXA 62, 1812 1.68
2END 5244 1.45 ICLLA 547, 6023 1.70
2F3YA 5286, 6541, 15650, 15852 1.45 1DDW 4766 1.70
3RN3 4031 1.45 1IEMV 4115 1.70
IMSE 5182 1.46 1IERTA  thioredoxin red  1.70
2RN2 1657 1.48 1F2F 6503 1.70
SABP 6136 1.49 1154 6184 1.70
1A2PA 975, 4964 1.50 IMXEA 547, 1634 1.70
1F46A 4717 1.50 1ONC 4371 1.70
IHFCA 4064 1.50 1UB4B 6828, 6833 1.70
IHKA 4299 1.50 1W41A 5485 1.70
1ICMA 7356 1.50 1YKTB 5359 1.70
1197 5799 1.50 1YPCI 4974 1.70




Table S1. (Continued)

PDB ID BMRB # Res. (A) PDB ID BMRB # Res. (A)
2B8X 4094 1.70 1A7T 4102 1.85
2BKYA 5226 1.70 1AYF 4566 1.85
2BKYB 6019 1.70 1EBOA 5484, 5826 1.85
2F1YA 6939 1.70 1EPFC 4162 1.85
2GBTC 15712, 15713 1.70 ILAXA 4354 1.85
2GROA 4132 1.70 1ZNB 4102 1.85
2NNRA 6876 1.70 2GABB 5508 1.85
1FH9A 7264 1.72 3FAPB 6760 1.85
2FKEA 4077 1.72 1AILA 4317 1.90
1FE4B 6266 1.75 1B2VA 5081 1.90
1GNU 5058 1.75 1BRIB 4964 1.90
1JV4 4340 1.75 1EZ3 4198 1.90
1UJSA 6776 1.75 IFF3A 6090 1.90
ITOPA 4401 1.78 IFF3C 6786 1.90
1UVOA 6231 1.78 1IFQA 4354 1.90
1BDO 4425 1.80 IFZY 4567 1.90
1C44 4438 1.80 1G8I 4378 1.90
1CBS 4186 1.80 1H4H 5352 1.90
1ICM2A 2371 1.80 1TAZA 4797 1.90
1EKG 4342 1.80 1TWMA 10096 1.90
1EXP 7264 1.80 INW2H 5241 1.90
1GZIA 15817 1.80 1Q4R 5843 1.90
1H70 6074 1.80 1QAV 6754 1.90
1HL5J 4202 1.80 IRMMA 5666 1.90
11IBB 4955 1.80 IRSY 4039, 4041, 4167 1.90
1HU1 5761 1.80 1UP1_ 4084 1.90
INCX 5071, 5738 1.80 IVFQA 6283 1.90
IRX2 4554, 5740 1.80 1Y2GB 4717 1.90
1SMXB 6122 1.80 1ZW9A 5355 1.90
1UBQA 5387, ubiquitin 1.80 2ADFA 5456 1.90
1UCKB 4259 1.80 2CDNA 4840 1.90
1XUO 4553 1.80 2D58 6980 1.90
1ZLQ 6416 1.80 1KBL 6932 1.94
2RNT Ribonouclease T1 1.80 10SPO 4076 1.95
1BCX 4704, 4705 1.81 IP7TA 5471 1.95
1IV7A 4638, 5529 1.82 2VFX 5299 1.95
1ZE3C 4070 1.84 1H7M 5485 1.96
1ZE3D 6779 1.84 1A30A  HIV protease (HIV) 2.00




Table S1. (Continued)

PDB ID BMRB # Res. (A) PDB ID BMRB # Res. (A)
1AM1 5355 2.00 IN2DA 6332 2.00
1C7FB 5540, 5571 2.00 ISCJA 15706 2.00
1ICDLA 1634 2.00 1SNSB 6122 2.00
IFIL 4082 2.00 ITVQA 16310 2.00
1GXQ 4421 2.00 ITW4B 15084, 15854 2.00
1HPCB 4336 2.00 1U9B 4132 2.00
1IPB 5712 2.00 1UOH 5898 2.00
IMHOA 5206 2.00 1VCl 5921 2.00
IMJC 4296 2.00 1YP7A 4340 2.00
IMKAA dehydrase 2.00 1ZJLA 4986 2.00
INOS 5756 2.00 2BE6A 4174 2.00

10 protein chemical shifts (marked in italics) were obtained from the TALOS database (Cornilescu et al. 1999), except
Ribonouclease T1 (Wishart et al. 1997))



Table S2: List of the 61 “test” proteins (PDB accession number, BMRB accession, resolution and size) used in the

assessment of different shift prediction programs.

No PDB BMRB Res. (A) Residues || No PDB BMRB Res. (A) Residues

1 IKF3A 4032 1.05 124 | 32 THUUB 4047 2.00 74
2 1XMTA 6338 1.15 951 33 10QRC 4149 1.65 104
3 1LM4B 4834 1.45 183 | 34 1T3YA 6032 1.15 125
4  2B02A 6597 1.50 119 || 35 104DA 6604 1.85 102
5  2H30A 6709 1.60 143 36 1TSLB 5358 1.75 55
6 1TVGA 6344 1.60 136 || 37 1UDRD 4083 1.90 123
7 2D3GB 6457 1.70 72 (| 38 10DVA 6321 1.14 100
8 1SNMA 4053 1.74 136 || 39 1DQEA 6313 1.80 128
9  1JIwWI 6292 1.74 105 | 40 1Y93A 6391 1.03 156
10 1013A 6198 1.83 117 | 41 1WS0A 6034 1.90 236
11 1TI5A 6114 1.85 214 || 42 1V9TA 4037 1.70 165
12 2C5LC 6635 1.90 106 | 43 2A0IB 5967 1.60 95
13 1YSBB 6223 1.70 158 || 44 2ESPA 6277 1.52 147
14 IDYTA 15757 1.75 133 || 45 1TP5A 6193 1.54 105
15  1H4AX 16173 1.15 173 | 46 1TP9A 6132 1.62 162
16 1RROA 7322 1.30 108 || 47 2BF5B 4560 1.71 102
17 1IRWYB 15517 1.05 109 | 48 1CWCA 2208 1.86 165
18 1T2WB 4879 1.80 142 | 49 1YKYX 4831 1.90 129
19 1VP6A 15249 1.70 133 | 50  1KDBA 6250 1.90 116
20 1YJ7A 6252 1.80 166 | S1  2A38C 5760 2.00 193
21 1YZiC 15243 2.00 172 | 52 256BA 6560 1.40 106
22 1ZJLA 7114 2.00 368 | 53 1BT5A 6024 1.80 263
23 1ZX8A 16007 1.90 123 | 54 1SGZA 6016 2.00 341
24 2ES9A 15089 2.00 99 [ S5 2INOA 15560 1.60 139
25 2HZEA 4113 1.80 107 | 56 1SYDA 15232 1.70 136
26 200PA 15281 1.90 114 | 57 1R2B 7242 1.84 260
27 20YNA 15530 1.85 135 58 1U7BA 15501 1.88 255
28 2721A 7055 1.98 179 || 59 2A0ONA 15741 1.64 251
29 1HQ2A 4300 1.25 1571 60 2DYIA 10139 2.00 162
30 1JTGC 6357 1.73 259 61 1BIHA 10053 1.80 517
31 JRUWA 6197 1.80 69




Table S3. Features for building prediction models of SHIFTX+

Feature

Neighbor residues for
i" residue

Amino acid type

i-2,1-1,1, i+1, i+2

Secondary structure

i-1,1, i+1

Hydrogen bond status (yes/no)

i-1,1, i+1

Accessible Surface Area (ASA)
(residual/fractional)

Accessible Surface Area (ASA)
(residual/fractional) for side chain

Solvation Free Energy (SFE)

Hydrogen bond lengths (HA1/HA2/HN/O)

i-1,1, i+1

Phi/Psi/Omega/Chil angles

i-2,1-1,1, i+1, i+2

Chi2/Chi3 angles

i

Theta, Kappa angles (H-bond angles)

i

Disulfide bond status (yes/no)

i-1,1, i+1

Hydrophobicity

Atomic surface area (ASA) for each atom

Random coil shift

Ring current shift/effect

Electric field shift contribution

Hydrogen bond shift contribution

pH

Temperature (K)




Table S4. 10-fold cross-validation and testing accuracy of SHIFTX+

Atom No’. of Cross Validation (10x) Test dataset
shifts Correlation RMSD Correlation RMSD
N 25226 0.9149 2.2878 0.9063 2.3697
BCa 26314 0.9842 0.8743 0.9849 0.8467
BCp 22428 0.9970 1.0099 0.9971 0.9676
Be 19486 0.8939 0.9945 0.8933 0.9483
'HN 24761 0.8103 0.4356 0.8102 0.4112
'Ho. 18887 0.9226 0.2152 0.9219 0.2092




Table S5. 10-fold cross-validation and testing accuracy of SHIFTX+ for side chain nuclei (including HA2 and HA3

nuclei from glycine).

) No. of Cross Validation (10x) Test dataset
Atom® . -

shifts Correlation RMSD Correlation RMSD
CD 1892 0.9999 0.6912 0.9999 0.6253
CD1 2440 0.9996 1.3292 0.9997 1.2276
CD2 1472 0.9996 1.4436 0.9996 1.4171
CE 870 0.9966 0.7738 0.9987 0.4206
CEl 642 0.9929 0.9296 0.9900 1.0565
CE2 338 0.9958 0.6804 0.9900 0.9070
CG 4447 0.9998 0.8207 0.9995 0.7863
CGl1 1577 0.9504 1.0303 0.9568 0.9657
CG2 2328 0.8777 1.0043 0.8779 1.0975
CzZ 270 0.9949 1.2241 0.9932 1.2889
HA2 1410 0.7715 0.2501 0.7177 0.2446
HA3 1331 0.6367 0.2593 0.6468 0.2623
HB 3898 0.9858 0.1871 0.9837 0.1916
HB2 9346 0.9502 0.2346 0.9450 0.2416
HB3 8827 0.9450 0.2450 0.9378 0.2613
HD1 2953 0.9974 0.2152 0.9976 0.2102
HD2 3479 0.9956 0.2075 0.9949 0.2426
HD3 1603 0.9688 0.2280 0.9747 0.2079
HE 341 0.9935 0.3115 0.9882 0.3998
HE1 1110 0.9529 0.3690 0.9639 0.3013
HE2 1338 0.9957 0.1835 0.9959 0.1812
HE3 776 0.9907 0.2141 0.9945 0.1724
HG 1039 0.6434 0.2483 0.6235 0.2441
HG1 1034 0.6944 0.1687 0.7071 0.1506
HG12 723 0.5249 0.3412 0.4421 0.3644
HG13 649 0.4471 0.3585 0.5000 0.3669
HG2 6166 0.9624 0.1761 0.9656 0.1725
HG3 3173 0.9067 0.2034 0.9160 0.2008
HZ 337 0.6693 0.2741 0.5862 0.3312




Table S6. SHIFTY+ performance for the complete set of 235 non-redundant proteins in the training and test dataset.

Atom Correlation RMSD pre diljt% dO;DBs Coverage
"N 0.9800 1.1352 175 74.5%
PCa 0.9925 0.6127 170 72.3%
PCb 0.9991 0.5562 159 67.7%
Be 0.9638 0.5784 120 51.1%
'HN 0.9610 0.2097 175 74.5%
'Ha 0.9677 0.1411 139 59.1%
HB 0.9969 0.0877 124 52.8%
HB2 0.9809 0.1468 142 60.4%
HB3 0.9829 0.1402 126 53.6%
HD2 0.9956 0.1105 117 49.8%
HD3 0.9885 0.1439 111 47.2%
HE2 0.9150 0.0820 110 46.8%
HE3 0.9374 0.0808 89 37.9%
HG2 0.9546 0.2098 120 51.1%
HG3 0.8993 0.2324 119 50.6%

All Atoms 179 76.2%




Table S7. SHIFTY+ performance for the 1903 non-redundant proteins in RefDB.

Atom Correlation RMSD pre diljt(; dO;DBs Coverage
N 0.9564 1.5721 1106 58.1%
PCa 0.9946 0.5057 1027 54.0%
PCb 0.9992 0.5147 978 51.4%
be 0.9585 0.6076 786 41.3%
'HN 0.9494 0.2133 1249 65.6%
'Ha 0.9601 0.1440 1131 59.4%
HB 0.9926 0.1655 1073 56.4%
HB2 0.9554 0.2314 1128 59.3%
HB3 0.9550 0.2301 1079 56.7%
HD2 0.9962 0.1593 1055 55.4%
HD3 0.9848 0.1656 999 52.5%
HE2 0.9978 0.0000 960 50.4%
HE3 0.9915 0.1195 880 46.2%
HG2 0.9508 0.2096 1060 55.7%
HG3 0.9591 0.1416 1058 55.6%

All Atoms 1270 66.7%
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Table S8. Performance comparison for SHIFTY+ with different sizes of the RefDB using the 235 proteins in training/test

dataset as the query set.

Size of RefDB | e e for 15 predictable atoms
400 30.0 20.7
800 42.1 34.6
1200 53.9 42.6
1600 60.6 46.1
2000 64.5 514
<3000 67.0 57.1
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Table S9. Performance comparison for SHIFTX+, SHIFTY+, and SHIFTX2. The accuracies for SHIFTX+ and
SHIFTX2 were calculated using all 61 proteins in the test dataset; statistics for SHIFTY+ were calculated using 46
proteins with SHIFTY+ predictions.

No. of Correlation RMSD
Atom shifts SHIFTX+ | SHIFTY+ | SHIFTX2 | SHIFTX+ | SHIFTY+ | SHIFTX2
"N 8135 0.9044 0.9974 0.9800 2.3928 0.4115 1.1169
PCa 8704 0.9833 0.9991 0.9959 0.8891 0.2087 0.4412
BCp 7431 0.9970 0.9999 0.9992 0.9849 0.2136 0.5163
Be 7190 0.8890 0.9961 0.9676 0.9661 0.1847 0.5330
'HN 8098 0.7939 0.9964 0.9714 0.4375 0.0630 0.1711
'Ha 6006 0.9137 0.9882 0.9744 0.2220 0.0845 0.1231
HB 1425 0.9828 0.9995 0.9939 0.1952 0.0360 0.1165
HB2 3417 0.9401 0.9957 0.9816 0.2538 0.0697 0.1424
HB3 2213 0.9346 0.9952 0.9783 0.2689 0.0745 0.1566
HD2 1483 0.9951 0.9996 0.9963 0.2355 0.0557 0.2049
HD3 640 0.9658 0.9944 0.9849 0.2434 0.0988 0.1627
HE2 573 0.9956 0.9995 0.9965 0.1878 0.0607 0.1668
HE3 295 0.9934 0.9967 0.9959 0.1883 0.1884 0.1494
HG2 2234 0.9569 0.9581 0.9761 0.1927 0.1190 0.1445
HG3 1200 0.9107 0.9867 0.9580 0.2067 0.0812 0.1436




Table S10. Relative influence of various features for developing prediction models of SHIFTX+. (AA = amino acid
type; SS = secondary structure; ASA=accessible surface area; SFE=salvation free energy; HA1/HA2/HN/OR
dist=hydrogen bond length)

Feature Be PCal PCp 'HN 'Ha "N
AA; 0.6 11.6 15.4 0.5 0.8 3.4
AA i 2.3 1.0 0.3 0.3 0.7 0.3
AA i, 0.3 0.1 0.1 0.3 0.1 0.2
AA 0.4 0.1 0.1 0.4 0.2 2.9
AA i, 0.3 0.1 0.1 0.3 0.2 0.2
SS; 8.1 0.1 0.1 0.1 0.6 0.0
SS i 0.2 0.1 0.2 0.1 0.1 0.1
SSii 0.1 0.0 0.0 0.1 0.1 0.1
Qi 5.8 11.0 8.1 4.4 29.9 4.5
Qs 3.6 1.1 0.6 0.9 1.3 0.9
Qi 0.6 0.2 0.1 0.7 0.7 0.7
Qi 0.6 0.4 0.3 2.1 1.0 2.1
0i2 0.6 0.3 0.4 2.3 0.5 1.3
Vi 13.9 10.4 5.7 5.3 3.8 7.1
Vi 8.6 0.9 0.3 0.6 0.6 0.5
Vi 1.6 0.3 0.1 0.5 0.3 0.4
Vil 1.4 0.3 0.2 15.3 0.4 18.7
Vio 0.4 0.2 0.2 5.9 0.4 0.5
xi 4.1 2.6 1.3 0.8 1.3 5.9
X it 1.1 0.3 0.2 0.7 0.6 0.4
Xis2 0.8 0.2 0.2 0.6 0.3 0.5
X il 0.6 0.4 0.2 1.1 0.4 3.3
X iz 0.6 0.2 0.2 0.7 0.3 0.4
%2 3.1 2.2 1.4 0.5 0.4 1.6
K3 0.1 0.1 0.1 0.2 0.1 0.1
oF 0.6 0.1 0.4 0.7 0.2 0.4
O 0.2 0.1 0.1 0.6 0.2 0.3
® i 0.3 0.1 0.1 0.3 0.3 0.2
o 0.3 0.3 0.9 0.4 0.7 0.4
®is 0.3 0.1 0.1 0.3 0.2 0.3
K 2.5 0.3 0.2 3.1 0.4 0.4
0, 2.3 0.6 0.3 53 0.8 0.5




ASA 0.1 0.4 0.4 0.0 0.0 0.2
Residue ASA 4.2 0.3 0.2 1.2 0.6 0.5
Residue frac. ASA 0.6 0.1 0.0 0.6 0.2 0.1
Side chain ASA 0.6 0.2 0.1 0.5 0.3 0.4
Side chain frac. ASA 0.5 0.1 0.1 0.7 0.3 0.2
SFE 0.9 0.5 0.2 0.6 1.0 0.6
HA1 dist; 0.0 0.0 0.0 0.0 0.0 0.0
HA1 dist iy 0.0 0.0 0.0 0.0 0.0 0.0
HA1 dist;, 0.0 0.0 0.0 0.0 0.0 0.0
HA2 dist; 0.0 0.0 0.0 0.0 0.0 0.0
HA2 dist iy 0.0 0.0 0.0 0.0 0.0 0.0
HA2 dist; 0.0 0.0 0.0 0.0 0.0 0.0
Hbond status 0.1 0.1 0.1 0.6 0.2 0.1
Hbond status ;:; 0.5 0.2 0.1 0.1 0.7 0.3
Hbond status;_; 0.0 0.1 0.1 0.3 0.7 0.0
HN dist; 0.4 0.1 0.1 0.3 0.2 0.2
HN dist 4 0.3 0.1 0.1 0.3 0.2 04
HN dist 0.3 0.1 0.1 0.5 0.3 0.3
OR dist; 0.2 0.1 0.1 0.3 0.3 0.2
OR dist 0.2 0.1 0.1 0.3 0.2 0.2
OR dist; 0.2 0.1 0.1 0.2 0.2 0.2
Hydrophobicity 0.5 0.2 0.1 0.6 0.3 0.4
Random coil 22.5 50.0 58.5 3.0 213 35.9
Ring current 0.0 0.5 0.9 11.5 11.2 0.6
Electric field effect 0.0 0.3 0.0 2.7 12.9 0.0
Hbond effect 0.0 0.0 0.0 18.4 0.3 0.0
pH 0.1 0.0 0.6 0.6 0.2 0.0
Temperature 0.0 0.0 0.0 0.5 0.1 0.0
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