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Figure S1. Resp charge distributions and atom types of the 2°-O-cyanoethyl and 2°-O-methoxyethyl

groups.
MASS
Cy 12.21 2.362 nitrile C (Howard et al.J]CC,16,243,1995)
NY 14.21 2.53@ nitrile N (Howard et al.J]CC,16,243,1995)
BOND
CT-CY <422.9 1.458 Howard et al JCC.16,243,1995
CY-NY €22.9 1.159 Howard et al JCC,16,243,1995
ANGLE
CT-CT-CY 63.2 112.22 Junmei et al, 1999
CT-CY-NY 82.2 182.22 Junmei et al, 1999
H1-CT-CY 50.9 112.22 Junmei et al, 1999
DIHE
CT-CT-CY-NY 3 .22 2.9 1. Junmei et al, 1999 same as X-CT-CY-X
H1-CT-CY-NY 3 .22 2.9 1. Junmei et al, 1999 same as X-CT-CY-X
IMPROPER
N*-NC-C -0 12.5 1802.9 2.9 General improper torsional angle (2 general atom types)
CA-H -N2-H 1.2 1802.9 2.9 General improper torsional angle (2 general atom types)
CA-CM-CM-HA 1.1 180.9 2.9 General improper torsional angle (2 general atom types)
CM-H-CM-N* 1.1 1802.9 2.9 General improper torsional angle (2 general atom types)
NONBON
NY 1.8242 ©.1722 N in nitrile

Figure S2. Force field parameters for the 2°-O-cyanoethyl group. The others (2°-OMe and 2°-OMOE) did

not need additional force field parameters.
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Figure S3. Rms deviations for all atoms except for 2°-O-modified groups and H atoms in modified or
unmodified U, /A, duplex during MD simulations. The vertical dashed lines denoted each data collection

area.
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Figure S4. Rms deviations for all atoms except for 2°-O-modified groups and H atoms in modified or
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TABLE S1: Detailed Data of Base-pair Step Deformability

duplcx fl\\i‘\'l ) fml(l ) -/;I|‘I ) friwI ) ./;hif‘l . f\'llde .
[Keal-mol -deg ?] [keal-mol '-deg %] [kcal-mol "-deg #] [keal-mol A% [keal-mol A~ [keal-mol A 2]
UM AT 0.0512 + 0.0033 00198 + 0.0006  0.0294 + 00009  8.08 + 0.15 1.54 £ 006 3.09 + 032
UM AT 00668 + 00014 00214 + 00003 00351 + 00007 959 + 025 206 + 004 448 = 007
UOCE/AOT 00697 = 00013 00220 + 0.0003 00368 + 00001 993 + 0.12 243 + 003 478 + 0.02
UOMOE JAOH0.0694 = 00013 0.0214 + 00003 00360 = 0.0004 973 + 004 227 + 007 485 + 0.11
U0 AN 00557 + 00026 0.0205 + 0.0006  0.0314  0.0001  7.87 % 0.19 168 £ 008 391 % 0.1
VO /AOCE 00609 £ 0.0004 00206 + 00005  0.0337 + 00003 846 + 0.03 190 004 422 + 009

TABLE S2: Detailed Data of Rotation, Translation, and Product Deformability

F, F, F T,
duplex [ |0‘(cu1-m::)1!-dcg'fr‘| uxc.u»n:.r\i"‘]f\ 2y |1kcul>mnl"‘):loc(: LA |°(IT:
UOH, JAOCH, 300 £ 37 383 £ 3.7 0.00116 = 0.00024 24
UOMe, JAOH 50.1 = 1.0 888 = 53 0.00445 = 0.00026 36
UOCE, JACH, 565 + 2.1 1151 = 238 0.00651 = 0.00034 43
UOMOE, JAOH . 536 + 1.7 107.1 + 44 0.00573 + 0.00026 40
UOH, /AOMe | 359 + 24 516 + 05 0.00185 = 0.00012 24
UOH, JAOCE 423 =08 677 = 08 0.00286 = 0.00009 27
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Figure S5. Histograms of pseudorotation angle of each base-pair step.



TABLE S3: Deformability of sugar puckering.

Jou car
base-step [cal-mol"-deg?]
2°-OH 2°-OMe 2°-OCE
GA 0.0047 0.0073 0.0074
AC 0.0040 0.0072 0.0073
CU 0.0043 0.0083 0.0083
UG 0.0045 0.0081 0.0081

TABLE S4: Detailed Data of Base-pair Step Deformability

busc»slcp ./l\\ixl ) frnll ) /;Ill‘ ) frm- ) f\lnl'l i j;lidf ) le . Flr:ms ) Fpmd
[keal'mol "-deg 2] [kealmol “deg?| [keal'mol “deg?] [kealmol “A2]  [keal'mol “A2|  [kealmol “A2]  [(keal'mol "deg | [(keal'mol A2 [(keal'mol Tdeg A1)
2-OH GA 0.066 0.023 0.041 9.79 1.48 3.65 0.0000627 53.0 0.00334
AC 0.059 0.025 0.028 11.97 1.09 3.09 0.00004 14 40.4 0.00169
(@) 0.058 0.022 0.035 8.17 1.32 398 0.0000450 43.0 0.00195
UG 0.060 0.018 0.029 495 1.67 4.65 0.0000312 38.1 0.00119
2°-OMe AU 0.066 0.022 0.027 11.55 1.26 3.66 0.0000397 533 0.00213
uu 0.070 0.021 0.036 931 234 4.10 0.0000542 89.7 0.00485
UA 0.067 0.017 0.028 494 2.66 5.60 0.0000317 73.8 0.00236
AA 0.058 0.022 0.033 795 1.76 4.15 0.0000424 60.7 0.00286
GC 0.067 0.032 0.040 14.70 2.58 3.81 0.0000851 144.6 0.01233
cC 0.064 0.026 0.050 10.31 221 6.32 0.0000820 144.3 0.01181
CG 0.069 0.020 0.037 4.63 1.13 4.90 0.0000507 256 0.00130
GG 0.064 0.026 0.050 10.13 2.16 6.15 0.0000819 1347 0.01107
GA 0.056 0.022 0.041 9.19 1.87 441 0.0000529 76.2 0.00428
AC 0.049 0.026 0.031 12.20 1.38 3.12 0.0000402 525 0.00215
CU 0.069 0.024 0.037 8.66 1.74 497 0.0000605 75.1 0.00454
UG 0.071 0.020 0.033 5.50 1.87 5.58 0.0000453 574 0.00259
uc 0.069 0.022 0.042 9.63 1.98 394 0.0000655 753 0.00494
GU 0.063 0.026 0.032 12.32 1.58 3.16 0.0000537 61.6 0.00332
AG 0.068 0.022 0.039 845 1.36 4.6l 0.0000585 529 0.00309
CA 0.067 0.018 0.031 5.30 1.83 5.25 0.0000386 51.8 0.00204
2-0CE GA 0.070 0.023 0.042 9.57 1.84 452 0.0000668 799 0.00530
AC 0.059 0.027 0.031 12.49 1.47 297 0.0000489 54.6 0.00268
CU 0.070 0.023 0.038 8.86 207 5.20 0.0000617 95.0 0.00587

UG 0.071 0.017 0.034 541 2.05 5.37 0.0000416 59.7 0.00249




Table S5: Relationship between Deformability and 7, Value.

dupl Flnml Tm(exp') T,,,(calc.) ATmc
upiex [(kcal-mol-deg -A "% 1°C) 1°C| 1°C|
(CU)OH/(AG)OH, 0.0337 68.1 68.2° 0.1
(CUYOH(AG)OMe, 0.0614 739 74.0° 0.1
(CUYOMe ((AG)OH, 0.0473 71.3 71.0° 03
(GACU)PM(AGUC)OMy 0.0233 59.1 58.6° 0.5
(GACU)OMe ((AGUC)OHy 0.0381 63.6 645 09
(GACU)OCE,(AGUC)OH, 0.0466 68.4 67.9° 05

AT =210 x Figu +61.1 PT, =402 x Fyp +49.2 €AT,, = T,, (calc.) - T, (exp.).
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Figure S6. Relationship between the deformability and nearest neighbor parameters.'
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