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Table S1. Hydrogen-bond lengths of G-nC and A-nT (in angstrom, the natural pairs

included)
G-nC A-nT
O¢H-N, Ni-H-N; N;-H--0, Ng-H-+Oy4 Ni--H-N;
Natural 2.834 2.971 2.951 2.952 2913
X 2.818 2.980 2.937 2.964 2915
1 2.834 2.969 2.965 2.964 2.910
2 2.832 2.974 2.928 2.934 2.932
3 2.814 2.976 2.910 2.950 2.928
4 2.820 2.976 2.936 2.955 2917
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Table S2. NMR parameters of WC hydrogen bonds in natural and size-expanded base pairs.

All of the NMR parameters were calculated at the B3LYP/6-311+G* level

Base Hydrogen | Jon/ 5(H) E(2) AELp_q
pair Bonds JInN E(2) Lp(y—o* | E(2) LP@)—o* | AE LP@2)—o* | AE Lp2)—0o*
HB(O--H-N) | -5.07 | 9.6 6.7 12.5 684.0 426.7
G-C | HB(N-H-N) | 248 | 114 16.9 489.5
HB(N-H--O) | -3.38 | 7.2 3.6 7.8 715.4 445.5
HB(O--H-N) | -5.31 | 10.2 7.4 14.4 652.6 401.6
G-xC | HB(N-H--N) | 2.41 11.5 16.6 489.5
HB(N-H--O) | -3.60 | 7.4 4.2 8.7 671.4 401.6
HB(O--H-N) | -5.08 | 10.1 7.0 12.0 684.0 426.7
G-1C | HB(N-H-N) | 2.46 | 11.5 16.9 489.5
HB(N-H--O) | -3.24 | 7.2 3.6 13.6 709.1 458.0
HB(O--H-N) | -5.08 | 9.6 8.7 18.1 552.2 301.2
G-2C | HBN-H-N) | 2.50 | 11.6 16.3 476.9
HB(N-H--O) | -3.68 | 7.5 4.0 8.5 721.6 445.5
HB(O--H-N) | -5.39 | 9.9 6.9 13.7 677.7 426.7
G-3C | HB(N-H--"N) | 2.48 | 11.5 17.0 476.9
HB(N-H--O) | -3.96 | 7.7 4.3 9.2 709.1 451.8
HB(O-H-N) | -5.37 | 9.9 7.1 13.1 677.7 426.7
G-4C | HB(N-H-*N) | 2.43 | 114 17.1 476.9
HB(N-H--O) | -3.60 | 7.4 3.8 8.5 715.4 439.3
AT HB(N-H--O) | -3.28 | 8.0 4.1 6.7 715.4 445.5
HB(N-H-N) | 3.24 | 12.8 219 470.6
AT HB(N-H--O) | -3.15 7.9 4.1 8.2 684.0 414.2
HB(N--H-N) | 3.23 12.9 19.6 508.3
AT HB(N-H--O) | -3.08 | 7.9 39 6.3 715.4 445.5
HB(N--H-N) | 327 | 13.0 226 464.4
AT HB(N-H--O) | -3.54 | 8.2 5.8 8.1 690.3 420.4
HB(N--H-N) | 3.07 | 12.3 20.3 470.6
A3T HB(N-H--O) | -3.36 | 8.0 4.0 6.4 709.1 439.3
HB(N-H-N) | 3.11 | 123 204 476.9
AAT HB(N-H--O) | -3.24 | 7.8 4.1 6.6 715.4 445.5
HB(N---H-N) | 3.22 | 12.5 21.7 464.4
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Table S3. Vertical transition energies (scaled by a factor of 0.72), oscillator strengths and
assignments of several significant singlet excited-states of the natural and the size-expanded

G-C and A-T pairs. All these results were determined using CIS method

States E/eV f Assign. States E/eV f Assign.
S 4.63 | 0.1115 | mgng*© S 475 | 0.2527 | mama*

S, 470 | 03263 | memc* S 476 | 02962 | mmr*

G-C S4 528 | 0.0012 | ng“ng*“|| A-T S4 4.83 | 0.0002 | nr*mr*
Ss 541 | 0.0014 | ncSnc* S7 564 | 0.0014 | np'ma*

Su 5.88 | 0.0004 | memc* S20 6.60 | 0.0139 | mamo*

Si 3.98 | 0.1562 | memc* Si 3.99 |0.1316 | mrr*

S3 4.64 | 0.1599 | mgng*© S; 475 | 0.1837 | mama*

GxC | S;s 521 | 0.0006 | ncnc* || AT | S5 4.82 | 0.0005 | nime*
Sy 530 | 0.0010 | ng“mg*© Sg 5.64 | 0.0013 | na'ma*

Ss 536 | 0.0101 | memc® S1s 6.12 | 0.0140 | mamr*

Si 3.97 | 0.2854 | mcmc* Si 4.02 | 0.2265 | mrmr*

S4 4.63 | 0.1440 | memg*© S4 475 | 0.0000 | nrme*

G-1C Sy 5.13 | 0.1901 | mgnc* || A-1T Ss 497 | 0.1594 | mamp*
Sg 5.16 | 0.0020 | ncSmc* S 564 | 0.0015 | na'ma*

So 528 | 0.0009 | ng“mg*© Sis 6.29 | 0.0420 | mamr*

Si 391 | 02525 | memc* Si 391 | 02780 | mmr*

Ss 4.64 | 01752 | mgng*© Ss 475 | 0.1784 | mama*

G-2C | S, 528 | 0.0011 | ng“ng*“|| A-2T S4 497 | 0.0003 | nrmr*
Ss 545 | 0.0011 | nc%nc* S7 5.64 | 0.0011 | ny'ma*

Ss 555 | 0.0041 | memc* Sis 6.29 | 0.0790 | mamy*

Si 431 | 04634 | mcmc* Si 441 | 0.5414 | momr*

Ss 4.64 | 0.1732 | mgng* N 476 | 0.1383 | mama*

G-3C | S¢ 549 | 0.0012 | ng“ng* || A-3T S4 5.08 | 0.0002 | nfmr*
Sy 530 | 0.0016 | ncmc* Sg 5.64 | 0.0010 | na'ma*

Sta 587 | 0.0023 | memc* Sz 6.70 | 0.0087 | mamy*

Si 429 | 04231 | mcmc* Si 441 | 0.4994 | mrmr*

Ss 4.64 | 0.1725 | ngng*© Ss 475 | 0.1272 | mama*

G-4C | S, 529 | 0.0012 | ng“ng*C|| A-4T S4 4.95 | 0.0003 | nymr*
Se 544 | 0.0009 | ncmc* S7 564 | 0.0014 | na'ma*

Sto 5.66 | 0.00113 | memc* S20 6.46 | 0.6240 | mamy*
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Table S4. Difference value of WC hydrogen bond Lengths (A) between ground state and

electron transfer excited state.

G-nC A-nT
O¢+H-N,4 N;-H-Nj N;-H--0, Ne¢-H--Oy4 Ny-+H-N3
Natural -0.021 -0.019 -0.006 -0.030 -0.010
X -0.023 -0.020 -0.016 -0.039 -0.017
1 0.007 -0.013 -0.015 -0.015 0.006
2 -0.018 -0.014 0.011 -0.027 -0.012
3 -0.042 -0.019 -0.017 -0.033 -0.014
4 -0.021 -0.009 -0.024 -0.029 -0.008
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Figure S1. The optimized geometries of G-nC and A-nT.
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Figure S2. The all-atom root-mean-square deviations (RMSD) of the natural and the
modified duplex helixes over the MD simulations. The centre eight base pairs are considered

with respect to the starting conformations.
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Figure S3. Average structures of (nC-G);; and (nT-A),,, which are generated from the last 2

ns of MD simulations.
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Figure SS. Frontier molecular orbitals of the natural and the size-expanded bases and base

pairs.
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Figure S6. Spin density distributions of the oxidized natural and size-expanded G-C and A-T

pairs.
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Figure S7. Spin density distribution of the oxidized natural and modified two-layer base

pairs.
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Figure S8. Molecular orbitals involved in several singlet transitions which were mentioned in

Table S3.
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Figure S9. UV absorption spectra of the natural and the size-expanded G-C and A-T pairs.



