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Mutation and crossover operators in the modified NSGA-II and combination NSGA-II/MC
algorithms

The assignment result in our program is stored in an N, X M matrix, where N is the number of
residues in the sequence and M is the number of spectra. Name the matrix as p, and p(i, j) is the number
of the peak in the j" spectrum that is assigned to the i" residue in the sequence. If p(i, j) = 0, then it means
the i" residue contributes to none of the cross peaks in the j™ spectrum.

The crossover operator, which is also called “recombination”, uses two parents to generate two
children. For convenience, the two parents are represented by p,(i, j) and p,(i, j), where i=1,2,..., N, ]
=1, 2, ..., M. Randomly choose the k™ residue in the sequence, and the ¢" spectrum, exchange the
assignments of the two parents, i.e. p,(k, g) and p,(k, g) but keep other residues’ assignment the same,
then two new children ¢; and ¢, are obtained. In doing so care must be taken that the maximum
degeneracies of the newly assigned peaks are not exceeded.

The mutation operator uses one parent to generate one child. In our program, three mutation
operators are designed. The first one is called simple mutation: randomly choose a spectrum index ¢ and a
residue k; change the assigned peak number p(k, g) to another peak or 0. The second operator is called
exchange mutation: randomly choose a spectrum index ¢, and two residues k, and k, (k, # k,); exchange
the two assignments p(k,, g) and p(k,, g). The third operator is called multi-exchange mutation: randomly
choose two residues k, and k,; exchange the assignments of the k," residue and the k," residue in each
spectrum. While changing the assignment of a residue, all normal constraints must be satisfied. This
means that the possible residue types of the assigned peak given in the peak list should include the residue
that the peak is assigned to, and the maximum degeneracy of the assigned peak must not be exceed. These
three mutation operators are used for making multiple changes to the previous solution in a single step.
Proper design of the operator can prevent the algorithm from being trapped in a local optimum. The users
can also design their own operators to make the algorithm work more effectively.



Figure S1. Cartoon representations of (a) GB1 (PDB: 2QMT) and (b) sensory rhodopsin (PDB: 1XIO).
Key residue numbers are indicated to denote the positions of the deleted residues in the input peak lists.



Table S1. GB1 peak lists with 20% consecutive deletion.

NCACX

45 5

395 546 1717 328 306 05 03 03 03 03 1 K(C)M(C)

1045 607 1758 703 03 04 04 04 04 1 T(CH)

1059 452 1717 03 03 03 03 03 1 G(CSH)

109 607 1745 729 02 02 02 02 02 1 T(CS)

1124 629 1748 72.1 04 04 04 04 04 1 T(CSH)

1125 607 1726 722 214 03 03 03 03 03 1 T(SC)

1152 537 1745 406 1771 02 02 02 02 02 1 D(C)N(C)

1156 605 1724 709 04 04 04 04 04 1 T(SC)

1164 607 1747 73 03 04 04 04 04 1 T(SC)

1166 616 1716 71.1 03 03 03 03 03 1 T(SC)

1166 594 178.1 294 358 02 03 03 03 03 1 E(HC)Q(H)R(H)
1176 674 176.1 68 02 02 02 02 02 1 T(HC)

117 598 1788 324 262 04 04 04 04 04 1 K(H)Q(H)R(H)E(H)M(H)
1179 566 1792 389 1757 03 04 04 04 04 1 N(HC)D(H)

118.1 582 1723 324 216 03 03 03 03 03 1 V(SC)K(C)

1183 575 1716 425 1275 03 03 03 03 03 1 F(S)Y(S)

1185 572 1788 372 1381 02 03 03 03 03 1 F(H)Y(CH)H(HC)
1188 549 1777 313 355 02 02 02 02 02 1 E(CS)K(CHS)R(C)M(C)Q(C)
1188 538 1795 188 02 02 02 02 02 1 A(HC)L(H)

1196 667 1794 324 226 03 04 04 04 04 1 V(HC)

120 559 1758 283 247 03 03 03 03 03 1 K(C)R(C)Q(C)
1213 55 182 187 05 05 05 05 05 1 A(HC)

1213 605 1797 32 277 05 04 04 04 04 1 KH)EH)RH)Q(H)
1214 62 1792 374 1302 04 04 04 04 04 1 Y(H)F(H)

1214 542 1744 345 354 03 03 03 03 03 1 K(SC)E(S)R(S)M(S)
1214 562 1765 386 1781 03 03 03 03 03 1 N(H)D(CH)

1216 592 1779 293 345 03 03 03 03 03 1 E(HC)Q(H)R(H)K(HC)
1229 551 1735 365 259 02 02 02 02 02 1 K(SC)R(S)E(S)

1223 566 1792 17.7 04 04 04 04 04 1 A(H)

1224 542 1793 17.8 04 04 04 04 04 1 A(HC)

123 529 1754 384 257 03 03 03 03 03 1 N(CH)L(CS)D(C)K(SC)
123 567 1747 434 1282 03 03 03 03 03 1 Y(S)F(SC)

123.1 543 1772 427 1795 03 03 03 03 03 1 D(CSH)

1238 547 177 173 02 02 02 02 02 1 A(HC)

1239 61.1 174 719 02 02 02 02 02 1 T(SC)

1255 58 1779 343 1123 05 05 05 05 05 1 W(CSH)

1255 51.1 1768 388 177 04 04 04 04 04 1 D(C)N(CS)

1255 562 1754 306 353 03 03 03 03 03 1 E(CS)K(CS)R(CS)Q(C)
1256 545 1761 308 36 02 02 02 02 02 1 E(CS)K(CS)R(S)
1265 60.1 1754 38 276 02 01 01 01 01 1 I(SC)E(H)

1259 505 1759 422 1798 04 04 04 04 04 1 D(CS)N(C)

1267 527 1745 422 271 03 03 03 03 03 1 L(SC)

1269 545 1749 427 27 02 02 02 02 02 1 L(SC)

130.7 569 176.1 434 1403 04 03 03 03 03 1 F(SC)Y(S)

1313 578 1805 333 388 02 02 02 02 02 1 L(H)E(C)Q(H)
NCOCX

44 5

1042 54 1797 19 03 04 04 04 04 1  A(HO

1056 533 1758 388 261 03 03 03 03 03 1  N(CL(CS)R(C)K(SC)
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Table S2. GB1 peak lists with random deletion of 20% of the residues.

NCACX

44 5

1045 607 1758 703 03 04 04 04 04 1 T(CH)

1059 452 1717 03 03 03 03 03 1 G(CSH)

1066 621 1736 69.7 02 02 02 02 02 1 T(CSH)

1083 453 173 02 02 02 02 02 1 G(CS)

108.1 465 1737 03 03 03 03 03 1 G(CHS)

109 607 1745 729 02 02 02 02 02 1 T(CS)

1094 445 173 02 02 02 02 02 1  G(CS)

1124 629 1748 72.1 04 04 04 04 04 1 T(CSH)

1125 607 1726 722 214 03 03 03 03 03 1  T(SC)

1152 537 1745 406 1771 02 02 02 02 02 1  D(CN(C)

1156 605 1724 709 04 04 04 04 04 1  T(SOSC)

1166 638 1754 323 205 03 03 03 03 03 1  V(CHS)

1166 594 1781 294 358 02 03 03 03 03 1  EMHC)QU)RMH)
1176 674 1761 68 02 02 02 02 02 1 T(HC)

117 598 1788 324 262 04 04 04 04 04 1  KHQHRMHEMMH)
1179 566 1792 389 1757 03 04 04 04 04 1  NHC)DH)

118.1 582 1723 324 216 03 03 03 03 03 1  V(SOK()

1183 575 1716 425 1275 03 03 03 03 03 1  FES)Y(S)

1185 572 1788 372 1381 02 03 03 03 03 1  FHY(CHHHC)
1188 549 1777 313 355 02 02 02 02 02 1  E(CS)K(CHS)R(C)M(C)Q(C)
1196 667 1794 324 226 03 04 04 04 04 1  V(HC)

120 559 1758 283 247 03 03 03 03 03 1  K(CORCQO)

1213 55 182 187 05 05 05 05 05 1  A(HC)

1213 605 1797 32 277 05 04 04 04 04 1 KHEEMHRHQMH)
1214 62 1792 374 1302 04 04 04 04 04 1  YHFH)

1215 597 1796 333 262 04 04 04 04 04 1  KHCOQEHMH)RH)
1214 542 1744 345 354 03 03 03 03 03 1  K(SOE(S)R(SM(S)
1214 562 1765 386 1781 03 03 03 03 03 1 NMHD(CH)

1216 592 1779 293 345 03 03 03 03 03 1  EMHC)QMHRMHKHC)
122 619 1754 322 222 02 02 02 02 02 1  V(SCH)

1229 551 1735 365 259 02 02 02 02 02 1  K(SCR(S)E(S)

1223 566 1792 177 04 04 04 04 04 1  A®MH)

123 567 1747 434 1282 03 03 03 03 03 1  Y(S)FESC)

123.1 543 1772 427 1795 03 03 03 03 03 1  D(CSH)

1238 547 177 173 02 02 02 02 02 1 A(HC)

1255 58 1779 343 1123 05 05 05 05 05 1  W(CSH)

1255 51.1 1768 388 177 04 04 04 04 04 1  D(CN(CS)

1255 562 1754 306 353 03 03 03 03 03 1  E(CSK(CSR(CS)QC)
126.1 509 178 239 02 02 02 02 02 1  A(SC

1265 60.1 1754 38 276 02 01 01 01 01 1  ISCEH)

1276 542 1737 429 277 02 02 02 02 02 1  L(SC)

130.7 569 1761 434 1403 04 03 03 03 03 1  FSC)Y(S)

1314 53 175.1 419 1809 03 02 02 02 02 1  D(CS)

1313 578 1805 333 388 02 02 02 02 02 1 LHEECQMH)
NCOCX

43 5

1064 593 1792 329 258 0.2 0.2 0.2 0.2 0.2 1 K(HC)
108.1 528 1749 41.7 180.7 0.2 0.2 0.2 0.2 0.2 1 D(CS)N(CS)
1084 535 1743 404 1769 0.3 0.3 0.3 0.3 0.3 1 D(C)N(C)
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Table S3. Residues in GB1 that are randomly and independently deleted from the NCOCX and NCACX

peak lists.

Residues corresponding to the

deleted peaks in the NCACX list 8124125134137 /45) 481491505255
Residues corresponding to the

deleted peaks in the NCOCX list 1211622126 30| 31136139 )42 45153

Table S4. GB1 peak lists with random and independent deletion of 20% of the peaks.

NCACX

44 5

395 546 1717 328 306 05 03 03 03 03 1  K(CM(QC)

1059 452 1717 03 03 03 03 03 1 G(CSH)

1066 621 1736 69.7 02 02 02 02 02 1 T(CSH)

1083 453 173 02 02 02 02 02 1  G(CS)

108.1 465 1737 03 03 03 03 03 1 G(CHS)

109 607 1745 729 02 02 02 02 02 1 T(CS)

1094 445 173 02 02 02 02 02 1  G(CS)

1124 629 1748 72.1 04 04 04 04 04 1 T(CSH)

1125 607 1726 722 214 03 03 03 03 03 1  T(SC)

1156 605 1724 709 04 04 04 04 04 1  T(SC)

1159 529 1755 427 1803 04 04 04 04 04 1  D(CS)N(C)

1164 607 1747 73 03 04 04 04 04 1  T(SC)

1166 616 1716 71.1 03 03 03 03 03 1 T(SC)

1166 638 1754 323 205 03 03 03 03 03 1  V(CHS)

1166 594 1781 294 358 02 03 03 03 03 1  EMHC)Q)RMH)

117 598 1788 324 262 04 04 04 04 04 1  KHQHRMHEMMH)
1179 566 1792 389 1757 03 04 04 04 04 1  NHC)DH)

118.1 582 1723 324 216 03 03 03 03 03 1  V(SOK()

1185 572 1788 372 1381 02 03 03 03 03 1  FHY(CHHHC)
1188 549 1777 313 355 02 02 02 02 02 1  E(CS)K(CHS)R(C)M(C)Q(C)
1196 667 1794 324 226 03 04 04 04 04 1  V(HC)

1213 605 1797 32 277 05 04 04 04 04 1 KHEHEMHRHQMH)
1214 62 1792 374 1302 04 04 04 04 04 1  YHFH)

1215 597 1796 333 262 04 04 04 04 04 1  KHCOQEHMH)RH)
1214 542 1744 345 354 03 03 03 03 03 1  K(SOE(S)R(S)M(S)
1214 562 1765 386 1781 03 03 03 03 03 1 NMHD(CH)

1216 592 1779 293 345 03 03 03 03 03 1  EMHC)QMHRMHKHC)
122 619 1754 322 222 02 02 02 02 02 1  V(SCH)

1229 551 1735 365 259 02 02 02 02 02 1  K(SCR(S)E(S)

1224 542 1793 1738 04 04 04 04 04 1  A(HO)

123 529 1754 384 257 03 03 03 03 03 1  N(CHL(CS)D(C)K(SC)
123.1 543 1772 427 1795 03 03 03 03 03 1  D(CSH)

1238 547 177 173 02 02 02 02 02 1 A(HC)

1255 58 1779 343 1123 05 05 05 05 05 1  W(CSH)

1255 562 1754 306 353 03 03 03 03 03 1  E(CSK(CSR(CS)QC)
1256 545 1761 308 36 02 02 02 02 02 1  E(CS)K(CSR(S)

126.1 509 178 239 02 02 02 02 02 1  A(SC

1265 60.1 1754 38 276 02 01 01 01 01 1  ISCEH)

1259 505 1759 422 1798 04 04 04 04 04 1  D(CSN(C)

1267 527 1745 422 271 03 03 03 03 03 1 L(SC)




1269 545 1749 427 27 02 02 02 02 02 1 L(SC)

127.6 542 1737 429 277 02 02 02 02 02 1 L(SC)

1314 53 1751 419 1809 03 02 02 02 02 1 D(CS)

1313 578 1805 333 3838 02 02 02 02 02 1 LH)E(C)QH)
NCOCX

43 5

1042 54 179.7 19 03 04 04 04 04 1 AHC)

1056 533 175.8 388 26.1 03 03 03 03 03 1 N(C)L(CS)R(C)K(SC)
1064 593 1792 329 25.8 0.2 0.2 0.2 0.2 0.2 1 K(HC)

108.1 528 1749 41.7 180.7 0.2 0.2 0.2 0.2 0.2 1 D(CS)N(CS)
1084 535 1743 404 1769 03 03 03 03 03 1 D(C)N(C)

1092 575 1774 338 1118 02 0.2 0.2 0.2 0.2 1 W(S)

112 55.6 1755 28 244 04 04 04 04 04 1 K(CS)R(C)L(HS)
1122 56.6 1758 431 140 03 03 03 03 03 1 F(SCO)Y(S)

1152 539 174.1 342 35.1 04 04 04 04 04 1 E(SC)Q(S)K(C)M(SC)
1155 635 175.1 32 20.2 04 04 04 04 04 1 V(CSH)P(C)
1163 603 1743  72.6 03 03 03 03 03 1 T(SC)

1163  50.7 1778  23.7 03 03 03 03 03 1 A(SC)

1174 545 1815 18.2 0.2 0.2 0.2 0.2 0.2 1 AHC)

1174 591 177.8 291 355 04 04 04 04 04 1 EHC)QH)R(H)
1182 56.1 179.6  18.1 03 04 04 04 04 1 AHC)

1186 609 1747 731 03 03 03 03 03 1 T(CS)

1187 663 179 32 222 02 03 03 03 03 1 V(H)

119 451 172.8 02 02 0.2 0.2 0.2 1 G(CS)

119 54.6 1775 43 1798 0.2 0.2 0.2 0.2 02 1 D(CH)N(H)
1193 60.2 1792 328 26.5 03 04 04 04 04 1 KHC)EMH)
119.7 603 1754 699 03 03 03 03 03 1 T(CSH)

1208 54.6 179.7 182 0.5 0.5 0.5 0.5 0.5 1 AHC)

121 589 177.6 29 342 04 04 04 04 04 1 QMHC)EHC)
121.1 447 173.2 04 04 04 04 04 1 G(CS)

121.1 449 1714 03 03 03 03 03 1 G(CS)

121.1 57 179.6 393 176.1 03 03 03 03 03 1 DHC)N(H)
121.8 468 174 0.2 0.2 0.2 0.2 0.2 1 G(CHS)

12277 57 175 43.7 1285 0.2 0.2 0.2 0.2 0.2 1 F(SCO)Y(S)

1227 61.6 178.8 37 1298 04 04 04 04 04 1 FH)YHC)
1233 559 175.1 303 35 03 03 03 03 03 1 E(CS)K(CS)Q(CSH)
1234 509 1763 42.6 1802 0.3 03 03 03 03 1 D(CS)N(C)

124 67.2 1759 6738 0.2 0.2 0.2 0.2 02 1 THC)

1241 585 172.6 327 219 0.2 0.2 0.2 0.2 02 1 V(SC)K(HC)
125.1 547 175.1 429 272 04 04 04 04 04 1 L(CSH)

1252 543 1714 325 30.3 03 03 03 03 03 1 K(CH)M(CH)
1254 613 1713 708 0.2 0.2 0.2 0.2 02 1 T(SC)

1259 543 1759 30.6 35.8 0.2 0.2 0.2 0.2 02 1 E(CS)

1263 53 1748 425 274 0.2 0.1 0.1 0.1 0.1 1 L(SC)

127 549 1733 363 25.7 03 03 03 03 03 1 K(SC)

127.1 60 1753 379 275 0.2 0.2 0.2 0.2 02 1 I(SCH)R(H)
1278 619 1734 695 0.2 0.2 0.2 0.2 0.2 1 T(CSH)

1303 625 1744  71.7 04 03 03 03 03 1 T(SCH)

131.1 613 1742 721 0.2 0.2 0.2 0.2 0.2 1 T(SC)




Table S5. HET-s peak lists.

NCACX

57 4

116.2 594 173.5 66.8 0.6 0.5 0.5 0.5 1 S(OTC)

125.6 522 174.7 39.6 0.6 0.5 0.5 0.5 1 D(C)N(C)

128.0 52.5 174.8 41.1 0.6 0.5 0.5 0.5 1 D(C)L(CS)N(S)

109.2 442 174.9 0.6 0.5 0.5 0.5 1 GO

1143 43.7 170.7 0.6 0.5 0.5 0.5 1 G(SO)

118.1 54.8 174.8 354 0.6 0.5 0.5 0.5 1 K(SC)R(S)E(S)

127.3 593 175.7 29.7 0.6 0.5 0.5 0.5 1 E(CHS)C(O)I(S)
1 N(OR(SC)D(C)E(SCK(CS)Q(S

118.1 54.5 173.7 0.6 0.5 0.5 0.5 C)H(CS)L(SH)

120.6 584 178.6 41.7 0.6 0.5 0.5 0.5 1 LH)

130.1 58.5 173.1 355 0.6 0.5 0.5 0.5 1 V(OSIS)

128.9 61.3 175.1 32.1 0.6 0.5 0.5 0.5 1 V()

123.2 619 174.2 34.6 0.6 0.5 0.5 0.5 1 V()

116.1 48.3 172.0 0.6 0.5 0.5 0.5 1 GO

1314 52.6 172.6 44 8 0.6 0.5 0.5 0.5 1 L(S)

125.8 57.1 1774 333 0.6 05 0.5 0.5 1 K@©)

1135 59.8 1743 72.1 0.6 05 0.5 0.5 1 T(SCO)

129.0 542 176.6 299 0.6 0.5 0.5 0.5 1 E(CS)

110.2 45.8 174 .4 0.6 0.5 0.5 0.5 1 GO

1195 56.9 171.6 67.4 0.6 0.5 0.5 0.5 1 S(S)

1232 49.8 177.1 24.1 0.6 05 0.5 0.5 1 AQS)

124.0 60.9 175.1 355 0.6 0.5 0.5 0.5 1 V()

113.7 449 172.1 0.6 0.5 0.5 0.5 1 GO

122.0 54.5 176.7 354 0.6 0.5 0.5 0.5 1 K(@SCO)

125.7 593 175.8 322 0.6 0.5 0.5 0.5 1 V(SC)KHC)

109.7 43.6 178.8 0.6 0.5 0.5 0.5 1 G(CS)

128.8 56.2 176.7 40.2 0.6 0.5 0.5 0.5 1 DOLO)Y(S)

130.1 540 175.3 332 0.6 0.5 0.5 0.5 1 R(SK(SCE(S)

126.7 52.5 173.2 32.7 0.6 0.5 0.5 0.5 1 R(S)ES)V(ES)KOQES)

119.5 55.0 179.0 18.6 0.6 0.5 0.5 0.5 1 A(H)

113.0 60.9 172.7 71.7 0.6 0.5 0.5 0.5 1 T(SC)

122.5 66.0 175.4 70.2 0.6 0.5 0.5 0.5 1 T(CHS)

128 .4 61.1 174.9 340 0.6 0.5 0.5 0.5 1 V()

120.3 54.8 175.0 334 0.6 0.5 0.5 0.5 1 E(SC)K(CS)R(S)

123.4 59.7 175.1 325 0.6 05 0.5 0.5 1 V(SC)KHCS)

122.7 60.1 172.7 35.8 0.6 0.5 0.5 0.5 1 V()

1163 62.5 175.4 709 0.6 0.5 0.5 0.5 1 T(CS)

118.0 574 175.5 294 0.6 05 0.5 0.5 1  E(CH)Q(CH)K(C)R(CH)W(C)

123.8 61.3 172.2 70.6 0.6 05 0.5 0.5 1 T(S)

123.1 599 173.0 36.8 0.6 0.5 0.5 0.5 1 V()

120.8 540 178.3 18.9 0.6 05 0.5 0.5 1 AHC)

122.6 54.8 176.2 30.5 0.6 0.5 0.5 0.5 1 E(OR(C)

129.1 62.0 175.1 383 0.6 0.5 0.5 0.5 1 I(SC)

126.3 533 176.1 20.1 0.6 05 0.5 0.5 1 A

125.2 570 174 .4 35.7 0.6 05 0.5 0.5 1 V(S)K(CS)

1133 442 173.0 0.6 0.5 0.5 0.5 1 G(CS)

117.7 589 174.0 273 0.6 0.5 0.5 0.5 1 ECHI(S)RH)QMH)LH)

120.5 54.1 173.7 33.8 0.6 0.5 0.5 0.5 1 E(S)RS)K(CS)Q(S)

1274 59.7 175.3 414 0.6 0.5 0.5 0.5 1 I(S)FC)

115.1 520 173.0 40.3 0.6 0.5 0.5 0.5 1 N(CS)D(C)




117.5 56.6 171.9 66.3 0.6 0.5 0.5 0.5 1 S(SC)
109.9 512 175.8 40.1 0.6 0.5 0.5 0.5 1 D(C)N(CS)F(H)
121.6 564 179.1 17.2 0.6 05 0.5 0.5 1 A(H)
111.5 43.8 172.0 0.6 0.5 0.5 0.5 1 G(CS)
118.2 54.6 175.5 33.1 0.6 0.5 0.5 0.5 1 E(S)K(C)R(S)
130.8 52.7 173.6 437 0.6 0.5 0.5 0.5 1 L(S)
123.0 60.6 174.8 41.8 0.6 0.5 0.5 0.5 1 I(S)
118.4 53.1 1743 45.0 0.6 0.5 0.5 0.5 1  L(SC)N(C)D(S)
NCOCX
55 4
122.8 54.8 174.5 352 0.6 0.5 0.5 0.5 1 K(SCE(S)R(S)
1243 66.0 175.4 69.7 0.6 0.5 0.5 0.5 1 T(CH)
130.9 60.5 172.7 36.2 0.6 0.5 0.5 0.5 1 V(S)
118.7 534 176.1 20.1 0.6 0.5 0.5 0.5 1 A(CS)
130.1 60.6 174.7 41.7 0.6 0.5 0.5 0.5 1 I(S)
118.2 590 1734 66.8 0.6 0.5 0.5 0.5 1 S(CS)T(C)
119.0 524 174.5 40.0 0.6 0.5 0.5 0.5 1 N(CS)D(C)L(C)
1234 514 176.1 40.2 0.6 0.5 0.5 0.5 1 D(C)N(CS)
131.6 53.1 1733 333 0.6 0.5 0.5 0.5 1 R(S)K(CS)E(SC)Q(CS)H(S)
122.7 53.0 1743 449 0.6 0.5 0.5 0.5 1 L(SC)D(S)
120.6 59.8 174.4 719 0.6 0.5 0.5 0.5 1 T(SC)
127.6 574 174.7 35.6 0.6 0.5 0.5 0.5 I VIORCHIGECSHY(ERGM
(OFC)
1139 61.2 175.0 343 0.6 0.5 0.5 0.5 1 V(SO
118.0 59.8 175.3 413 0.6 0.5 0.5 0.5 1 I(SC)F(C)
130.5 52.7 174.0 435 0.6 0.5 0.5 0.5 1 L(SC)D(SC)N(S)
1135 464 174.2 0.6 0.5 0.5 0.5 1 G(CHS)
109.5 59.0 176.1 32.6 0.6 0.5 0.5 0.5 1 K(CH)V(CS)C(C)
128.0 61.2 172.6 70.7 0.6 0.5 0.5 0.5 1 T(SC)
118.2 44.1 178.5 0.6 0.5 0.5 0.5 1 LHSC)G(C)D(CS)
113.8 54.0 175.7 333 0.6 0.5 0.5 0.5 1 K(C)ESCORSO)QSCM(C)
128.9 54.5 174.7 333 0.6 0.5 0.5 0.5 1 E(SCR(SC)K(CS)QSCM(C)
123.7 49.6 176.8 24.1 0.6 0.5 0.5 0.5 1 A(S)
125.8 56.4 171.3 66.1 0.6 0.5 0.5 0.5 1 S(SC)
120.8 53.9 178.3 18.9 0.6 0.5 0.5 0.5 1 AHC)
1 I(SCH)V(SC)Y(HC)E(H)F(CH)T(S
126.9 59.8 1733 373 0.6 0.5 0.5 0.5 CN(CM(S)S(C)
1 K(SCE(SCR(SC)N(CH(CS)Q(S
126.1 549 174.0 0.6 0.5 0.5 0.5 C)D(C)L(S)F(SC)C(C)Y(CS)Q(O)
M(S)
1219 44.6 172.2 0.6 0.5 0.5 0.5 1 G(CSH)
121.5 62.6 175.4 70.6 0.6 0.5 0.5 0.5 1 T(CSH)
117.6 522 174.7 41.2 0.6 0.5 0.5 0.5 1 D(CS)N(SC)L(C)
118.0 599 175.0 330 0.6 0.5 0.5 0.5 1 V(SCO)K(C)
1232 550 175.8 32.8 0.6 0.5 0.5 0.5 1 ESOK(CHM(C)RESO)Q(S)
111.9 584 173.6 355 0.6 0.5 0.5 0.5 1 V(SO)S(OICS)
116.8 540 176.5 30.1 0.6 0.5 0.5 0.5 1 E(CS)R(CS)Q(CS)K(C)
125.6 55.1 176.0 31.0 0.6 0.5 0.5 0.5 1 R(CS)E(SC)Q(CS)K(C)
123.0 56.6 171.6 67.2 0.6 0.5 0.5 0.5 1 S(SC)
110.3 559 176.3 40.2 0.6 0.5 0.5 0.5 1 D(CH)Y(S)L(HC)
123.0 590 173.9 275 0.6 0.5 0.5 0.5 1 R(CH)C(CS)LH)E(C)QMH)V(S)
117.2 53.7 173.6 339 0.6 0.5 0.5 0.5 1 Q(CS)E(S)R(SC)K(CS)M(S)
129.5 62.2 174.8 343 0.6 0.5 0.5 0.5 1 V(SC)
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N(CS)D(C)L(C)F(S)Y(S)
T(SC)

I(CSH)Y(H)

V(S)I(CS)

G(CS)

K(SC)E(SC)R(S)

A(H)

V(SC)P(C)

G(CSH)A(S)N(CS)

G(CSH)
E(CH)R(H)QH)HH)K(H)C(C)
L(S)D(S)

A(H)

G(CSH)

G(CS)

K(CH)M(H)Q(H)E(H)




Table S6. Rhodopsin peak lists for the first 98 residues.

NCACX

87 5

1250 554 1789 17.1 06 05 05 05 05 1 A®MH

1223 578 1780 420 262 06 05 05 05 05 1 LHCOKEOC)

1145 566 1793 303 1138 06 05 05 05 05 1  W(HS)

113.8 588 1805 309 328 06 05 05 05 05 1  KHEHMMH)
1166 609 1746 630 06 05 05 05 05 1 S(CH)

1228 585 1802 282 1155 06 05 05 05 05 1  W®H

1171 571 1768 425 266 06 05 05 05 05 1 L(HC

1153 508 1734 392 1785 06 05 05 05 05 1 N(CHD()

1108 593 1745 419 246 06 05 05 05 05 1 ISCL(H)

1226 605 1779 290 334 06 05 05 05 05 1  KHCEMQH)R(H)
1096 636 1789 345 221 06 05 05 05 05 1  V(SCH)

1219 677 1795 321 224 06 05 05 05 05 1  VHCS)

1165 617 1783 06 05 05 05 05 1  SHYMHRHFH
1190 589 1766 358 262 06 05 05 05 05 1 ISC)

1307 647 1784 338 268 06 05 05 05 05 1 PO

1270 581 1768 406 251 06 05 05 05 05 1 L(H

1177 614 1793 297 387 06 05 05 05 05 1  EMHRH

1283 567 1759 298 361 06 05 05 05 05 1  E(CSHK(CS)Q(C)R(C)
1321 658 1786 326 277 06 05 05 05 05 1  P(HCS)

1177 585 1782 411 269 06 05 05 05 05 1 L(H

1198 581 1779 371 1380 06 05 05 05 05 1  FHCYH)

1208 60.1 1718 358 212 06 05 05 05 05 1 V(SO

1202 543 1773 187 06 05 05 05 05 1 A(HO

1129 561 1754 1409 06 05 05 05 05 1 HQFES)

1398 625 1778 321 276 06 05 05 05 05 1  P(CSH)

1172 679 1760 06 05 05 05 05 1 THC)VH)

1209 554 1788  18.1 06 05 05 05 05 1 A(HCO

1209 580 1793 432 283 06 05 05 05 05 1 L(H

1213  60.1 1775 372 1265 06 05 05 05 05 1 Y(HF®H)

1158 646 1785 634 06 05 05 05 05 1 S(CH)

1142 594 1763 286 279 06 05 05 05 05 1 R(HO

1292 525 1765 214 06 05 05 05 05 1 A(SO

1202 610 1797 305 1117 06 05 05 05 05 1  HEHWHYH)
1184 549 1792 176 06 05 05 05 05 1 A(HCO

1184 687 1760 326 259 06 05 05 05 05 1 K(CHV(CS)
1065 476 1752 06 05 05 05 05 1 G(HC

1214 589 1779 413 271 06 05 05 05 05 1 L(HC

1263 592 1775 330 315 06 05 05 05 05 1  KCHMMH)VSC)
1154 680 1744 367 315 06 05 05 05 05 1 IH

1172 626  178.1 1302 06 05 05 05 05 1 Y(H

1139 538 1750 364 244 06 05 05 05 05 1 K@)

1255 600 1742 325 232 06 05 05 05 05 1  V(SOK(CH)
1172 630 1764 629 06 05 05 05 05 1 SHOTC)

1157 567 1749 387 1817 06 05 05 05 05 1  N(HCD(CHZEQ)
1066 603 1778 654 06 05 05 05 05 1 SOTC)

1203 609 1767 295 1118 06 05 05 05 05 1 HEHW®H

1222 564 1799 180 06 05 05 05 05 1 A®MH

1042 460 1733 06 05 05 05 05 1 G

1295 552 1762 256 1283 06 05 05 05 05 1  HC)W()

1194 608 1783 382 1334 06 05 05 05 05 1  YHCFH)

1140 578 1780 412 262 06 05 05 05 05 1 LHOLKS)

1211 570 1783 336 353 06 05 05 05 05 | ;i(ggs)E(HCS)M(HC)V(S
1199 644 1762  37.1 06 05 05 05 05 1 IHC




110.6

59.2

176.9

343

353

0.6

0.5

0.5

0.5

0.5
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V(SC)QMH)EMHC)K(CHS)

M(H)
1242 561 1793 183 06 05 05 05 05 1 A®MH
1344 506 1774 174 06 05 05 05 05 1 AQ
1202 570 1791 421 263 06 05 05 05 05 1 L(HC
1075 660 1778 702 06 05 05 05 05 1 T(HS)
1270 557 1797 153 06 05 05 05 05 1 A®MH
1158 581 1794 426 268 06 05 05 05 05 1 L(H
1065 478 1758 06 05 05 05 05 1 G(HC
1187 550 1777 189 06 05 05 05 05 1 A(HCO
1256 582 1727 311 321 06 05 05 05 05 1  R(CK(HEC)M(H)
1199 658 1777 372 298 06 05 05 05 05 1 I(HC)
1157 634 1777 288 1292 06 05 05 05 05 1  WEHHHYH)
1 K(CHS)M(CH)Q(CSH)R(
1199 565 1768 328 06 05 05 05 05 OVICHWE)
1159 634 1757 1320 06 05 05 05 05 1 Y(CS)
1202 630 1772 402 1395 06 05 05 05 05 1  F(HC)
1183 577 1796 416 277 06 05 05 05 05 1 L(H
1203 594 1777 279 1279 06 05 05 05 05 1  HEHQHWH)
1128  67.1 1764 680 06 05 05 05 05 1 T(HC)
102.8 457  173.7 06 05 05 05 05 1 G(CH
1128 599 1775 378 1286 06 05 05 05 05 1  Y(HCFH)
1182 532 1725 296 299 06 05 05 05 05 1 Q(CHK(H)
1378 666 1788 319 290 06 05 05 05 05 1 P(HO)
1270 531 1780  18.1 06 05 05 05 05 1 ACH
1213 637 1775 386 1290 06 05 05 05 05 1  FHYH
1190 694 1752 668 06 05 05 05 05 1 T(CHS)
1175 548 1754 316 354 06 05 05 05 05 1  E(SCR(CS)Q(CS)
1090 532 1766 330 342 06 05 05 05 05 1 M)
1115 602 1741 358 238 06 05 05 05 05 1 ISC)
1204 663 1775 377 289 06 05 05 05 05 1 IH
1193 655 1780 384 297 06 05 05 05 05 1 IH
1019 462  172.1 06 05 05 05 05 1 G(CSH)
1055 478 1727 06 05 05 05 05 1 G(CHS)
1219 585 1785 412 275 06 05 05 05 05 1 L(HC
1164 561 1783 407 1783 06 05 05 05 05 1  D(HCN(H)
NCOCX
82 5
1242 679 1801 320 225 06 05 05 05 05 1 V(H
1199 579 1793 424 271 06 05 05 05 05 1 LHOIS)
1177 626 1784 1301 06 05 05 05 05 1 YMHFHHHC)
1200 646 1759 373 06 05 05 05 05 1 IHC)
1159 660 1771 377 291 06 05 05 05 05 1 IHCS)
1254 597 1776 370 1265 06 05 05 05 05 1 Y(HFH)
1179 460 1730 06 05 05 05 05 1 G(CSH)
1146 563 1783 406 1787 06 05 05 05 05 1 D(HC)N(HC)
1197 598 1773 377 1285 06 05 05 05 05 1 FHYHC)
1 Y(H)P(CS)F(HC)S(H)I(HC)
1197 621 1782 06 05 05 05 05 WETOREE)
1139 670 1791 321 290 06 05 05 05 05 1 PHCEH)
1195 653 1787 323 280 06 05 05 05 05 1 P(CHS)
1188 586 1798 283 1153 06 05 05 05 05 1 W(H)
1042 528 1777 178 06 05 05 05 05 1 A(CHS)
1195 596 1748 419 245 06 05 05 05 05 1 ISC)
1131 658 1774 704 06 05 05 05 05 1 TH)
1255 455 1740 06 05 05 05 05 1 G(CHS)
1274 589 1806 312 333 06 05 05 05 05 1 QMHCMHEMKC)




1130 595 1760 287 275 06 05 05 05 05 1 R(HC)
1092 540 1774 190 06 05 05 05 05 1 A(CH)

1214 583 1784 415 272 06 05 05 05 05 1 L(HC)

1204 636 1777 290 1290 06 05 05 05 05 1 H®H

1215 634 1755 1321 06 05 05 05 05 1 Y(CS)

1205 689 1753 664 06 05 05 05 05 1 T(HCS)

1254 567 1798 300 1134 06 05 05 05 05 1 W(H)

1202 593 1764 342 352 06 05 05 05 05 1 Q(H)V(SK(CS)E(C)M(HC)R(C)
1199 592 1780 278 1282 06 05 05 05 05 1 H®H

1211 662 1776 374 301 06 05 05 05 05 1 IH)

1108 552 1794 158 06 05 05 05 05 1 A®H

1227 478 1727 06 05 05 05 05 1 G(CS)ACS)D(C)
1075 633 1787 344 220 06 05 05 05 05 1 V(SO

106.1 600 1780 655 06 05 05 05 05 1 T(CS)SHC)
1404 598 1739 322 232 06 05 05 05 05 1 V(SO

1216 482 1757 06 05 05 05 05 1 GHC

1225 535 1767 331 339 06 05 05 05 05 1 K(CSHE(SCM(CSH)R(SC)Q(SC)
1130 605 1776 287 331 06 05 05 05 05 1 KMHCOEMH)QH)
1289 566 1759 299 360 06 05 05 05 05 1 ECHS)Q)
1172 573 1768 425 262 06 05 05 05 05 1 L(HC)

1154 632 1773 404 1392 06 05 05 05 05 1 FH)

1096 582 1726 316 319 06 05 05 05 05 1 K(CHMMHCR(C)QC)
1184 593 1783 419 271 06 05 05 05 05 1 L(HC)

1160 580 1770 405 251 06 05 05 05 05 1 L(HC)

1306 511 1731 392 1782 06 05 05 05 05 1 N(@CD(C)

1217 634 1771 386 1287 06 05 05 05 05 1 Y(HFH)

1221 642 1784 636 06 05 05 05 05 1 SH

1271 580 1795 418 278 06 05 05 05 05 1 L(HC)

1137 549 1793 176 06 05 05 05 05 1 AGHO

1188 688 1760 327 259 06 05 05 05 05 1 V(H

1271 521 1765 217 06 05 05 05 05 1 ACS)

1183 592 1775 328 314 06 05 05 05 05 1 KMHCMH)
1228 629 1766 627 06 05 05 05 05 1 SH

1196 531 1723 300 299 06 05 05 05 05 1 ECHQW®S)

1067 556 1794  18.1 06 05 05 05 05 1 AGHO

1114 560 1752 1407 06 05 05 05 05 1 FSC

1196 554 1786 178 06 05 05 05 05 1 A®HO

1019 546 1750 316 355 06 05 05 05 05 1 QSO

1052 655 1781 382 295 06 05 05 05 05 1 IH)

1266 609 1785 384 1337 06 05 05 05 05 1 Y(HC)FH)

1212 553 1762 255 1282 06 05 05 05 05 1 HO

1155 613 1791 301 386 06 05 05 05 05 1 EH

1378 666 1762 679 06 05 05 05 05 1 T(HC

1140 460 1724 06 05 05 05 05 1 G(CS)

1167 569 1780 338 351 06 05 05 05 05 1 K(CHECHMMHC)QH)
1344 588 1765 362 264 06 05 05 05 05 1 ISC)

1209 537 1754 367 239 06 05 05 05 05 1 K(SCLC)

1064 612 1768 294 1117 06 05 05 05 05 1 W(CH)

1162 571 1788 421 258 06 05 05 05 05 1 L(HC)

1155 602 1741 360 233 06 05 05 05 05 1 ISC)

1211 579 1775 411 260 06 05 05 05 05 1 L(HC)

113.8 553 1790 17.1 06 05 05 05 05 1 A(H

1111 555 1779 187 06 05 05 05 05 1 AGHO

1295 511 1772 176 06 05 05 05 05 1 A(CHS)

1172 579 1784 417 260 06 05 05 05 05 1 L(HC)

1183 578 1796 431 282 06 05 05 05 05 1 L(H

1198 611 1797 306 1120 06 05 05 05 05 1 WO

1157 563 1797 179 06 05 05 05 05 1 A®HO

1156 584 1781 408 269 06 05 05 05 05 1 L(HC)

1324 678 1748 367 314 06 05 05 05 05 1 IH)
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T(H)V(H)
V(SC)
D(C)N(HC)
G(CHS)




Table S7. HNP-1 peak lists.

NCACX
27 8
109.3 172.8 425 10 05 04 04 03 03 03 03 1 G(CS)
103.7 170.7 440 10 05 04 04 03 03 03 03 1 G(CSH)
107.0 1719 450 10 05 04 04 03 03 03 03 1 G(CH)
1230 1724 48.7 20.5 10 05 04 04 03 03 03 03 1 A(SC)
107.0 493 17.5 10 05 04 04 03 03 03 03 1 A(H)
115.8 173.1 50.7 334 10 05 04 04 03 03 03 03 1 R(SC)E(SC)Y(C)F(C)C(C)
1159 50.7 32.7 10 05 04 04 03 03 03 03 1 E(SCR(S)Y(C)
1164 1724 509 10 05 04 04 03 03 03 03 1 L(SC)E(S)R(CS)Q(S)C(CH)
126.6 1730 51.0 17.0 10 05 04 04 03 03 03 03 1 A(CSH)
118.2 1723 515 254 10 05 04 04 03 03 03 03 1 L(SC)Q(CS)R(CS)E(S)
1225 171.7 515 430 10 05 04 04 03 03 03 03 1 C(SC)L(SC)E(S)
1204 519 16.8 11 05 04 04 03 03 03 03 1 A(HC)
1199 1743 519 254 232 223 10 05 04 04 03 03 03 03 1 L(CSH)
120.5 52.1 29.0 10 05 04 04 03 03 03 03 1 R(CSH)E(CSH)Q(SC)L(CSH)W(C)
120.5 172.8 52.6 39.2 10 05 04 04 03 03 03 03 1 C(C)L(CHS)Q(C)F(SO)Y(S)
130.5 171.5 52.7 435 10 05 04 04 03 03 03 03 1 C(S)L(S)
1304 172.6 529 44.6 10 05 04 04 03 03 03 03 1 C(S)L(S)
117.2 1714 53.0 46.6 10 05 04 04 03 03 03 03 1 L(CS)C(SC)
1219 1730 538 338 26.6 414 15 05 04 04 03 03 03 03 1 R(C)
1173 172.5 548 10 05 04 04 03 03 03 03 1 Y(SC)F(SC)E(CSH)R(CHS)Q(CH)L(CH
)
1245 172.6 548 378 10 05 04 04 03 03 03 03 1 F(SC)Y(SOI(SC)L(CHS)E(CS)C(S)
1274 173.6 56.2 39.1 1310 10 05 04 04 03 03 03 03 1 F(S)Y(S)
1225 172.6 56.3 412 153 10 05 04 04 03 03 03 03 1 I(S)
115.8 1730 579 373 159 10 05 04 04 03 03 03 03 1 I(SC)
123.6 171.6 595 10 05 04 04 03 03 03 03 1 T(SOI(SC)
1240 1735 59.8 358 244 16.3 11.5 10 05 04 04 03 03 03 03 1 I(CSH)
1230 545 28.0 10 05 04 04 03 03 03 03 1 E(CH)R(C)
NCOCX

25 8

120.5 172.8 423 10 05 04 04 03 03 03 03 1 G(CSH)

1183 171.1 44.1 10 05 04 04 03 03 03 03 1 G(CS)

123.8 1720 450 10 05 04 04 03 03 03 03 1 G(CH)L(S)

115.6 173.1 48.8 20.6 10 05 04 04 03 03 03 03 1 A(SC)

1173 170.9 494 17.8 10 05 04 04 03 03 03 03 1 A(CS)

1239 173.9 50.8 10 05 04 04 03 03 03 03 1 L(SC)A(CSH)E(S)
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E(S)R(S)Y(C)LH)W(S)C(C)Q(SC)
L(SC)R(SC)E(SC)Q(S)E(S)W(S)A(C)
A(CHS)
L(SCH)Q(SC)E(SC)R(SC)C(CS)F(S)A(
O)W(S)

L(SC)F(S)C(S)

L(CS)R(CS)Q(O)A(S)

L(SCH)

A(CH)

R(CSH)E(CS)Q(CS)W(S)C(C)
E(SC)R(SC)Q(SC)L(SC)C(SC)Y(SC)F(
SC)W(CS)
L(CSH)F(SC)Y(SC)E(SC)C(C)
L(SH)C(S)

R(C)
Q(C)F(SC)Y(SC)R(CS)E(SH)L(C)W(S
O

Y(SC)F(SO)I(S)L(C)

Y(SC)F(CSH)

T(CS)I(SC)P(C)

1(SC)

E(CH)R(C)




Table S8. Amino acid sequences of the four proteins investigated here.

GB1

MQYKLILNGKTLKGETTTEAVDAATAEKVFKQYANDNGVDGEWTYDDATKTFTVT
E

HET-s

MKIDAIVGRNSAKDIRTEERARVQLGNVVTAAALHGGIRISDQTTNSVETVVGKGESR
VLIGNEYGGKGFWDNHHHHHH

Truncated Sensory
Rhodopsin

MNLESLLHWIYVAGMTIGALHFWSLSRNPRGVPQYEYLVAMFIPIWSGLAYMAMALI
DQGKVEAAGQIAHYARYIDWMVTTPLLLLSLSWTAMQFIKKD

HNP-1

ACYCRIPACIAGERRYGTCIYQGRLWAFCC




