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Figure S1. (A) Comparison of measured and predicted RDCs (normalized RMSD) as a
function of ensemble size (N) used in SAS. (B) Cross-validation of ensembles to assess
the agreement between RDC-selected ensembles with the subset of RDCs (25%) that
was not included in SAS. While we observe some deterioration in the cross-validation
RDC RMSD (4.6-5.6 Hz) and R? = 0.70-0.84 relative to the SAS ensemble (RMSD =
2.4-2.5 Hz and R? = 0.95-0.96) is, the quality of cross-validation analysis is considerably

better than the full MD trajectory (RDC RMSD = 6.8-8.5 Hz and R? = 0.61-0.64).
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Figure S2. Simulations testing ability of RDCs to define features of the DNA

ensemble. Comparison of inter-helical kink angles for target and RDC-generated
ensembles for target ensembles 1 (A-D), 2 (E) and ensemble 3 (F) (see methods).
Shown are 3D inter-helical (ay, B and yy) distributions at the A16—T9 junction for (A) MD
pool, (B) target ensemble 1, and (C) RDC-generated ensemble. (D) 1D comparison of
kink angle (By) distributions at the A16-T9 junction; (E) ¢-¢ at G10pG11; and (F) sugar

phase angle at T9.
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Figure S3. (A) 2D ["°N, "H] imino SOFAST-HMQC spectra (1) acquired at 25 °C (A-DNA,
As-DNA, Ag-DNA™A®) and 5 °C (A,-DNA™A'®) displaying all base paired imino
resonances, except the terminal G—C bps. T9-N3/H3 up-field shifted resonance depicting
the formation of a non-canonical HG bp with m'A16. (B-E) 2D ['H, 'H] NOESY spectra
acquired at 25 °C (A-C) and at 9 °C (D) confirming the formation of m'A16+T9 HG bp. (B,
C) Change in the sequential NOEs between C15-H6/H2'/H2"-A16-H8 to
C15-H6/H2'/H2"-A16-H2 and (D) increase in intensity of the A16-H1'-A16-H8
intra-residue NOE identifies the formation of a syn m'A16 base. (E) T9-H3-A16-H8 and
T9-H3-A-H62 connectivity observed in A,-DNA™*'® (2). Sequential imino NOEs between

T9-H3 with T8-H3 and G10-H1 indicate stable formation of a duplex.
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Figure S4. Local perturbations induced by m'A in the solution NMR structures. (A,
B) Shown are average and standard deviations for (A) local torsion and sugar phase
angles and (B) base pair parameters for A,-DNA (green), As-DNA (red) and

As-DNA™*'8(blue), respectively. Base pair step parameters involving the T9sm'A16 HG

bp shaded in grey are omitted due to ill definition of the reference coordinate by 3DNA.



A1 Junction A1 Junction

A 3 3 3 3 3 B o2 0.20
G 0.18} 4-‘:2?; 0.18
. f 016} | 8- s cn 0.16
G G o C 014} 0.14
c c G T 012} 0.12
. . - 0.10} oo # 0.10
T T C G ooef o 1 0.08
A A A G A6 oot || 4 006
A A A C T A5  ouf 004
A A A A A Ad c | .
A A A A A A3 © 0 10 20 30 40 50 60 150 -100 -50 0 50 100 150
- ﬂ,.(o) v"(v)
©
A A A A A A2 =] A3 Junction Global bending direction (A1-A3 Junction)
A A A A A1 o 0.20— - v v - v —
A 5 ] o
C €C € € € Cona o
~8 - A5 XPLOR 0.16
C C G G G 014
G G G G 012
' ' ' ' ' 0.10
5 5 5 5 5 o
@ + A >
S & & oos
vi\(,z v-;_v N 004
< 0.02
0 10 20 30 40 50 60 ST T —
B.()
Al CO0-A1 step CO-A1 step
020 - 0.20 T 0.20
(0 46 Enserreie. (0 A6 Ensemtie A5 Ersembie
0.18 @ - 1F2X 1 0.18 ® - 1F2X 0.18 ® - R
¥ - INEV ¥ - INEV ¥~ INEV
0.16 |Se | 0.16 L.mw J 0.16 o
0.14 4 0.14 0.14
0.12 0.12 0.12
0.10 0.10 . 0.10 =)
008 008 : : 0.08 !
0.06 0.06 i 0.06
i
c 0.04 0.04 X 0.04
o o002 0.02 0.02
- 0 0 0
o 0 2 4 6 8 10 12 30 20 -10 0 10 20 30 40 50 60 20 15 10 -5 0 5 10 15 20 25 30
a Minor groove width (A) Inclination(®) Roll(°)
[e) A3 A2-A3 step A2-A3 step
a o2 0.20 A —
D A5 Ensemie [ A6 Ensembie EESIAS Ersnembie
0.18 w33 1 0.18 =] 1 018+ = ::g{
0.16 —o-iswmon |1 0.16 Soiowon |1 016} ~o-ixon
0.14 1 0.14 | 0.14 }
0.12 4 0.12 { o012}
0.10 0.10 T 1 o010t
0.08 008}
0.06 0.06
0.04 0041
0.02 002}
2 4 6 8 10 12 % 20 10 0 10 20 30 40 50 60 % 45 10 5 ©0 5 10 15 20 25 30
Minor groove width (A) Inclination(®) Roll(°)

Figure S5. As-DNA structure and ensemble reproduce structural features of A-tract
containing duplexes. (A) As-DNA ensembles (pink), Ac-DNA XPLOR structures (red)
and prior A-tract solution structures (cyan) marked by PDBID used in this analysis. All the
sequences are aligned with the 5’-CAA junctions with residues numbered from CO to A6.

(B) Comparison of local and global structural parameters.
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Figure S6. (A) Average and standard deviations for local kink angle (Br) in RDC-selected
ensembles as a function of junction position. (B) Local kinking directions (major versus
minor groove, given by y;) at the A16-T9 bp in RDC-selected ensembles and XPLOR

structures.
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Figure S7. (A) Comparison of RDC-selected (in color) and MD (in gray) ensembles.
Representative examples of local kink angle (B,) distribution at specific base pair
junctions. (B, C) Analysis of similarity and differences between the dynamic ensembles of
A,- and As-DNA with and without m'A modification with REsemble (3). ZQ quantifies the
difference between two distributions (or multiple distributions in multi-dimensional
analysis) and ranges between 1 and 0 for maximum difference and similarity, respectively.
Shown are ¥Q values for 1D torsion angles (q, €, ¢, X), sugar phase angles, 5D sugar
torsion angles (vg-v4) and 6D backbone torsion angles (a, B, y, O, & () between
ensembles of DNA with and without m'A to assess the local perturbations in m'AT HG bp
and its flanking bps (in red). ZQ values for local parameters at sites (in gray) > 2 bps
away from m'A site defines differences expected purely due to uncertainty (£Qcontrol) @nd
larger 2Q values are considered statistically significant. The largest deviations are in x
(ZQ in 0.6; ZQgontror = 0.0), € and € (£Q in 0.0~0.3; ZQ¢ontrol = 0.1), sugar phase angle (£Q
in 0.1~0.3; 2Q¢ontrol = 0.1), 6D-backbone torsion angle (2Q in 0.2~0.5; ZQcontro1 = 0.2) and
5D-sugar torsion angle (£Q in 0.1~0.5; £Q¢onro = 0.15) of the residues in and flanking

m'AT HG bp.
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Figure S8. (A, B) Comparison of inter-helical kink angle and BI/BII distributions for the
MD ensemble and a target ensemble from MD selected pool to have average kink angles
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Figure S9. Principal axis of alignment tensor for each conformer in the ensembles of (A)
A,-DNA (green) (B) A,-DNA™A'® (orange) (C) As-DNA (red) (D) As-DNA™A*'® (blue),

respectively.




Table S1: Structure statistics for A--DNA, A,-DNA™*® A..DNA and Ag-DNA™'A16

A,-DNA  A,-DNA™A® AL DNA  Ag-DNAMA6

Dihedral angle restraints 164 164 164 164
H-bond restraints 72 72 72 72
Base-pair planarity restraints 26 26 26 26

NOE restraints

Total 284 255 251 261
Intra-residue 125 106 144 145
Inter-residue 159 142 107 109
m'A methyl group 0 7 0 7
RDC restraints 57 52 67 58
Dihedral angle violations (> 6°) 0 0 0 0
NOE violations (> 0.40 A) 0 0 0 0
RDC RMSD (Hz) 1.8 2.1 1.8 1.9

Heavy-atom RMSD range® (A) | 0.08-0.32  0.16-0.53  0.22-0.39  0.05-0.25

ADIT® and Molprobity® Validation

Close contacts None
RMSD for covalent bonds 0.009 A
RMSD for covalent angles 1.4°
Clashscore, all atoms 1.32 7.86 6.57 1.31
Bad bonds | 0/539 0/539 0/537 0/537
Bad angles | 0/826 0/826 0/822 0/822
PDB ID 5UzD -- SUZF 5UZI
BMRB ID 30253 -- 30254 30255

a — Heavy-atom RMSD calculated with respect to mean structure, excluding terminal end bps
b — ADIT NMR: http://deposit.pdb.org/validate/
¢ — MOLPROBITY http://molprobity.biochem.duke.edu/



Table S2: Chemical shifts and perturbations upon N1-methylation of A16 in Ag- and A,-DNA constructs.

Chemical shifts of A;-DNA™!A16

2?,;12!! c1 | H1" | C2 H2' H2" | C4' | H4' P C6/C8 HH68/ le/%zg l;;//HHZS/ C7 H7
C1 87.9 566 | 399 | 232 | 1.79 | 88.3 | 4.01 1431 | 7.56 | 99.8 5.85

G2 84.0 | 549 | 40.0 | 278 | 268 | 874 | 429 | -0.39 | 138.2 | 7.92 | 147.3 | 12.81

A3 85.0 {630 | 413 | 296 | 267 | 87.8 | 448 | -045 | 1415 | 8.24 | 155.0 7.83

T4 85.0 {594 | 391 | 259 | 204 | 854 | 421 | -085 | 1384 | 7.15 | 159.2 | 13.76 | 14.0 | 1.33
15 85.3 | 6.16 | 39.0 | 264 | 2.23 | 85.9 | 423 | -0.77 | 140.2 | 7.42 | 159.8 | 14.04 | 144 | 1.51
16 85.2 |6.16 | 39.0 | 265 | 2.23 | 86.0 | 4.21 | -0.84 | 140.3 | 743 | 159.8 | 13.95 | 144 | 1.58
17 85.1 |6.11| 39.0 | 265 | 218 | 86.0 | 4.22 | -0.70 | 140.2 | 7.44 | 159.3 | 13.68 | 144 | 1.57
T8 85.1 | 6.07 | 389 | 257 | 216 | 86.1 | 4.21 | -0.67 | 1404 | 7.45 | 1591 | 13.70 | 14.5 | 1.63
T9 85.1 | 574|394 | 215 | 1.57 | 848 | 3.98 | -0.80 | 140.0 | 7.15 | 156.4 | 11.77 | 14.7 | 1.66
G10 84.3 | 554 | 394 | 2.72 87.5 432 | -0.65 | 138.8 | 7.91 | 147.2 | 12.89

G11 84.8 594 | 412 | 267 | 249 | 86.9 | 433 | -0.37 | 137.5 | 7.70 | 147.2 | 13.02

C12 86.5 | 6.14 | 416 | 2.14 86.6 | 3.99 | -0.41 | 1432 | 741 | 984 5.39

G13 85.5 | 597 | 40.5 | 274 | 2.64 | 89.0 | 4.21 138.8 | 7.95

C14 86.7 | 598 | 40.0 | 240 | 211 | 86.1 | 4.22 | -0.66 | 142.8 | 746 | 98.7 5.35

C15 86.0 | 578 | 393 | 239 | 1.72 | 86.2 | 412 | -0.55 | 1434 | 7.35 | 98.2 5.54

m1A16 | 88.1 | 558 | 39.1 | 225 | 2.02 | 86.4 | 4.02 1471 | 7.48 | 149.8 8.42

A17 84.6 | 554 | 411 | 2.76 87.2 | 4.34 1419 | 8.19 | 1541 7.11

A18 844 | 572|412 | 276 | 248 | 87.2 | 434 | -064 | 1409 | 7.98 | 153.6 6.89

A19 84.3 | 580|416 | 285 | 245 | 871 | 437 | -0.72 | 1409 | 7.92 | 153.4 6.88

A20 84.1 | 587|419 | 288 | 248 | 86.9 | 441 | -0.76 | 140.8 | 7.88 | 153.3 6.96

A21 84.7 1| 6.05| 419 | 286 | 242 | 86.8 | 442 | -068 | 141.0 | 7.94 | 154.5 7.60

122 849 | 588|395 | 241 | 192 | 861 | 417 | -0.76 | 138.5 | 7.02 | 159.3 | 13.61 | 13.9 | 1.16
C23 86.4 | 570 | 39.5 | 235 | 196 | 855 | 410 | -0.57 | 143.8 | 7.41 | 98.8 5.57

G24 847 1614 | 419 | 259 | 234 | 88.1 |4.16 | -0.21 | 139.3 | 7.91

Chemical shifts are referenced to 50 uM DSS and 85% H3PO, for 'H and *'P (see methods).




Chemical shifts perturbations upon single m'A incorporation in A;-DNA

Measured as the difference in chemical shift observed for A-DNA™A"® and Ag-DNA (positive and negative values indicate
down-/up-field shifts).

Perturb \ \ . | C6/ | N1/C2/ \ \ " \ H1/H2/
ation C1 | C2 C4 cs | N3/C5 C7 P H1 H2 H2 H4' | H6/H8 H3/H5 H7
C1 0.0 | 0.0 | 0.0 | 0.0 0.0 -0.01 | 0.00 | -0.01 | 0.00 | 0.00 -0.01
G2 0.0 | 0.0 | 0.0 | 0.0 0.0 0.00 | 0.00 | 0.00 | -0.01 | 0.00 | 0.00 0.00
A3 0.0 | 0.0 | 0.0 | 0.0 0.0 0.00 | 0.00 | -0.01 | -0.01 | 0.00 | 0.00 0.00

T4 0.0 | 0.0 | 0.0 | 0.0 0.0 0.0 0.01 | 0.00 | -0.01 | 0.01 | 0.00 | 0.00 -0.01 0.00

15 0.1 ] 00| 0.0 | 0.0 0.0 0.0 0.01 | -0.01 | -0.01 | 0.00 | -0.01 | 0.00 -0.02 | 0.00

16 0.0 | 0.0 | 0.0 | 0.0 -0.1 0.0 0.00 | -0.01 | 0.01 | 0.01 | 0.00 | 0.00 -0.04 | 0.01

17 0.0 | 0.0 | 0.0 | 0.0 -0.2 | 00| 0.03 | -0.02 | -0.02 | -0.02 | -0.01 | 0.01 -0.15 | 0.01

T8 -01 |1 00| 03 | 0.2 -0.2 | 00| 003 | 001 | -0.02 | 0.05 | 0.02 | 0.03 -0.07 | -0.02

T9 01104 | -05 ] 04 -27 |01(-010| 0.00 | -0.21 | -0.40 | -0.10 | -0.07 | -1.97 | -0.02

G10 0.0 |-08| -0.2 | 0.3 0.1 -0.17 | -0.03 | 0.05 0.00 | 0.07 0.05
G11 0.1 | 01 0.0 | 0.0 -0.2 -0.15| 0.00 | -0.02 | -0.02 | -0.01 | -0.03 | -0.04
C12 0.0 | 0.0 | 0.0 | 0.0 0.0 0.00 | -0.01 | 0.00 0.00 | 0.00 -0.03
G13 02| 01| -0.1 | 0.0 0.00 | -0.01 | 0.02 | 0.00 | 0.00

C14 0.0 0.3 | 0.0 | 0.0 -0.2 -0.04 | -0.04 | -0.03 | 0.03 | 0.01 | 0.02 -0.02
C15 | -03] 00| 05 | 0.2 -0.7 -0.01| 054 | 0.20 | -0.18 | 0.11 | -0.06 | -0.08
A16 36 | -1.0| -0.7 | 56 -4.5 -0.10 | -0.50 | -0.65 | -0.30 | -0.67 1.24
A17 06 | 0.3 | 01 1.0 0.5 -0.12 | 0.04 0.00 | 0.16 0.16
A18 02 | -01] 01 0.0 0.1 0.01 | 0.01 | -0.01 | 0.02 | -0.01 | 0.05 0.02
A19 0.1 |-01] 00 | 01 0.0 0.02 | 0.01 | -0.01 | 0.01 | 0.01 | 0.04 0.00
A20 00 |-01]| 0.0 | 0.0 0.0 0.02 | 0.00 | 0.00 | 0.02 | 0.00 | 0.02 0.00
A21 00| 00| 0.0 | 0.0 0.0 0.02 | -0.01 | 0.00 | -0.01 | 0.00 | 0.00 -0.01
122 00| 00| 00 | 0.0 0.0 0.0 | 0.00 | -0.01 | -0.01 | 0.00 | -0.01 | 0.00 0.00 0.00
C23 0.0 | 0.0 | 0.0 | 0.0 0.0 0.00 | -0.01 | -0.01 | -0.01 | 0.00 | 0.00 -0.01

G24 0.0 | 0.0 | 0.0 | 0.0 0.00 | -0.01 | 0.00 | -0.01 | 0.00 | 0.00




Chemical shifts of A,-DNA™!A16

Aﬁ;R!\éA C1 | H1" | C2' | H2" | H2" | C4' H4' P C6/C8 | H6/H8 [\l\ll;//(ézS/ i;//HHZS/ C7 | HT#
G1 854 | 596|404 | 2.73 | 262 | 89.0 | 4.20 138.8 | 7.93

C2 86.3 | 5.64 |39.7 | 246 |215| 859 | 419 | -0.69 | 1428 | 7.44 98.5 5.42

A3 85.2 | 6.27 | 40.8 | 294 | 268 | 87.7 | 441 | -0.34 | 1418 | 8.32 | 1545 7.68

T4 85.0 {584 |391| 239 [197| 851 | 414 | -0.86 | 138.3 | 7.11 159.0 13.50 | 14.2 | 1.37
C5 86.4 | 553|396 | 231 (192 | 854 | 405 | -062 | 143.5 | 7.34 98.7 5.49

G6 83.9 | 561 |405| 2.76 | 264 | 874 | 431 |-046 | 138.2 | 7.83 | 146.9 12.48

A7 85.0 | 6.16 | 416 | 2.87 | 256 | 87.4 | 441 | -0.71 | 1412 | 8.09 | 154.6 7.67

T8 85.1 | 586 |39.2| 246 | 194 | 855 | 415 | -0.83 | 138.3 | 7.11 158.7 | 13.46 | 14.1| 1.33
T9 854 | 575|395| 215 | 159 | 851 | 398 |-0.97 | 139.7 | 7.12 | 156.3 | 11.60 | 14.6 | 1.56
G10 84.2 | 554 | 39.5| 2.70 87.2 | 430 | -0.71 | 138.7 | 7.88 | 147.4 12.86

G11 84.8 | 594|411 | 267 | 249 | 86.8 | 434 | -043 | 1375 | 7.69 | 1474 13.02

C12 86.5 | 6.15 | 416 | 2.14 86.6 | 4.00 | -0.47 | 143.2 | 7.40 98.4 5.38

G13 85.2 | 595|401 | 2.75 | 258 | 89.1 | 4.20 138.7 | 7.92

C14 86.6 | 597 | 399 | 239 (210 | 86.0 | 4.21 | -0.72 | 1428 | 7.44 98.7 5.33

C15 86.1 | 584|393 | 249 (179 | 86.2 | 415 | -0.59 | 1434 | 7.37 98.1 5.52

m1A16 | 88.3 | 5.74 86.5 | 4.14 1471 | 7.58 | 149.8 8.44

A17 84.7 | 6.11 86.9 | 442 1409 | 8.11 154.5 7.58

T18 85.4 | 5.79 854 | 414 | -0.89 | 138.5 | 7.11 159.0 13.50 | 14.2 | 1.33
C19 86.5 | 5.60 | 399 | 232 ({189 | 855 | 405 | -0.64 | 143.5 | 7.34 98.7 5.48

G20 83.9 | 557 |40.5| 2.75 | 264 | 87.2 | 430 | -0.54 | 138.2 | 7.83 | 146.9 12.51

A21 85.0 | 6.16 | 414 | 286 | 256 | 87.3 | 440 | -0.65 | 1411 | 8.12 | 154.7 7.70

122 849 | 570 |395| 231 {189 | 850 | 408 | -0.82 | 138.0 | 7.01 159.0 13.50 | 14.2 | 1.34
G23 84.5 | 588 |40.5| 266 | 255| 86.9 | 431 | -0.63 | 138.2 | 7.81 147.7 12.74

C24 86.6 | 6.15 | 416 | 2.14 86.7 | 402 | -0.37 | 143.3 | 7.43 98.5 5.42

Chemical shifts of T8/T9 N3/H3 were measured at 5 °C as they were exchange broadened at 25 °C.




Chemical shifts perturbations upon single m'A incorporation in A,-DNA

Measured as the difference in chemical shift observed for A,-DNA™A® and A,-DNA (positive and negative values indicate
down-/up-field shifts).

Perturb N1/C2/ H1/H2/

ation C1 C2' | C4' | Co/C8 N3/C5 C7 P H1 H2 H2 H4 H6/H8 H3/H5 H7
G1 0.1 0.1 | -0.1 0.0 0.00 | -0.01 | 0.02 | 0.00 0.00

C2 0.0 | 0.0 | -0.1 0.0 -0.1 -0.08 | -0.01 | 0.00 | -0.01 | -0.01 0.00 -0.01

A3 0.0 | 0.0 | 0.0 0.0 0.0 -0.08 | -0.01 | -0.01 | -0.01 | -0.01 0.00 0.00

T4 0.0 | 0.0 | 0.0 0.0 0.1 0.0 | -0.08 | -0.01 | 0.00 | 0.00 | 0.00 0.00 0.00 | 0.00
C5 0.0 | 0.0 | -0.1 0.0 -0.1 -0.09 | 0.00 | -0.01 | 0.00 | 0.00 0.00 -0.02

G6 0.0 | 0.0 | 0.2 0.0 0.0 -0.09 | 0.00 | -0.01|-0.01| 0.00 | -0.01 -0.01

A7 0.0 | 0.0 | -0.1 0.0 0.0 -0.04 | -0.01 | -0.02 | -0.03 | -0.01 | -0.02 0.02

T8 0.0 | 0.1 | 0.3 0.0 -0.4 0.1 |-0.06 | 0.00 | 0.00 | 0.03 | 0.02 0.02 -0.17 | 0.06

T9 0.1 04 | -04 | 0.2 -2.9 0.1 {-019| 0.01 |-0.20 | -0.39 | -0.09 | -0.09 | -2.15 | 0.01

G10 01 | -07| 01 0.2 0.2 -0.22 | -0.04 | 0.01 -0.02 | 0.08 0.05

G11 00 | 0.1 | 0.0 0.0 -0.1 -0.19 | 0.01 | -0.01 | -0.02 | -0.01 | -0.02 | -0.04

C12 0.0 | 0.0 | 0.0 0.0 0.0 -0.08 | 0.00 | 0.00 0.00 0.00 -0.03

G13 0.0 | 0.0 | 0.0 0.0 -0.01 | -0.01 | -0.01 | -0.01 0.00

C14 -01 | 0.2 | 0.0 0.0 -0.2 -0.11 | -0.05 | -0.04 | 0.00 | 0.00 0.01 -0.03

C15 -0.3 | -0.1 | 0.7 0.2 -0.8 -0.06 | 0.51 | 0.18 | -0.20 | 0.09 | -0.05 | -0.08

A16 3.6 -1.2 | 56 -4.1 -0.19 -0.25 | -0.65 1.25

A17 0.0 -0.1 | -0.1 0.0 -0.02 -0.01 | -0.02 0.00

T18 0.4 0.2 0.3 -0.1 0.1 | -0.11 | 0.02 0.02 0.10 0.03 | 0.06
C19 0.1 0.1 ]-02| 0.0 0.0 -0.06 | 0.01 | 0.00 | -0.02 | 0.00 0.03 0.02

G20 0.0 | 0.0 | 0.0 0.0 0.0 -0.10 | 0.00 | 0.00 | 0.00 | 0.00 0.00 -0.01

A21 0.1 0.0 | -0.1 0.0 0.0 -0.09 | -0.01 | -0.01 | -0.01 | -0.01 0.00 0.00

122 0.0 | 0.0 | 0.0 0.0 0.0 0.0 | -0.08 | -0.01 | -0.01 | -0.01 | -0.01 0.00 0.00 | 0.00
G23 0.0 | 0.0 | 0.0 0.0 0.0 -0.08 | -0.01 | 0.00 | -0.01 | -0.01 0.00 0.00

C24 0.0 | 0.0 | 0.0 0.0 0.0 -0.08 | -0.01 | -0.01 -0.01 0.00 -0.01




Table S3: 3-bond scalar couplings (in Hz) measured between H1' and H2'/H2” from 2D ['H, 'H]
DQF-COSY spectra for As- and As-DNA™A'® constructs. Empty cells denote lack of measurement due to

resonance overlap.

_ H1'-H2" H1'-H2'
Residue As-DNA | As-DNA™A® | AcDNA | As-DNA™A®

C1 8.1 8.0 6.3 6.3
G2 6.3 6.6
A3 8.7 8.6 6.7 6.8
T4 9.0 6.6 6.5
T5 6.6

T6 7.2
T7 8.7 6.4

T8 8.7 8.9 6.3 6.9
T9 7.6 7.3
G10 7.6 7.6
G11 8.4 8.2 6.6 6.6
C12 7.5 7.8
G13 8.4 8.2 6.6 7.0
C14 8.1 8.4 6.3 6.3
C15 9.2 6.7 6.5
A16 8.0 6.6

A17 6.6

A18 7.2

A19 9.1 9.7 6.6 7.1
A20 9.3 9.5 6.6 6.7
A21 8.7 8.7 6.3 6.5
T22 8.4 8.7 6.6 6.7
C23 9.1 8.3 6.3
G24 6.9 6.8 7.8 7.8




Table S4. Robustness of local kinking angles (B,) with various ensemble size (N).

4-21 5-20 6-19 7-18 8-17 9-16
Size | RMSD| Avg| Std| Avg| Std| Avg| Std | Avg| Std | Avg| Std| Avg| Std
A,-DNA
10 1.8 221 7.4 23.2| 59| 21.2( 96 18.8( 8.7 1971 711 191] 8.1
20 1.23 201 76| 227 74| 227 79 | 21.2] 94 20.5| 79| 201 9.2
30 1.01 222 83| 226| 78| 224 95 ( 225 10.4| 20.3| 9.2| 18.5| 10.1
50 0.97 209| 8.2| 22.8| 78| 228 93 | 225| 9.9 216| 79| 19.6( 9.1
80 1.1 20.7| 83| 229| 75| 230 9.2 ( 21.4| 10.5 20.0| 9.0| 18.8] 9.8
100 1.2 2101 79| 225| 75| 225 91 21.0| 10.1| 20.3| 86| 18.7| 9.4
150 1.41 209| 81| 22.0| 74| 222 9.0 | 209| 9.9 19.7| 8.8| 18.7| 9.2
200 1.58 213 7.7 21.9| 75| 222 85 | 20.6| 9.6 19.6| 8.8| 18.3| 9.1
300 1.86 216| 76| 21.6| 75| 21.7( 83 | 20.3| 9.3 19.8| 8.6| 18.4| 9.1
400 2.08 215 79| 215| 74| 218 83 | 20.2| 91 19.7] 8.6| 18.4| 9.0
500 2.25 213 7.8 21.2| 75| 214 83 19.8( 9.1 194 8.5| 18.3| 9.2
800 2.66 21.3| 82| 211| 76| 213 83 19.3| 8.9 18.9| 8.5| 17.9| 8.9
1000 2.88 211 8.2] 20.9| 76| 211 8.1 19 8.6 18.4| 84| 17.8] 9.0
1500 3.29 21 8.2 206| 7.7| 20.6| 8.1 18.3| 84 179 84| 17.5| 8.9
2000( 3.62 209| 8.2| 20.5| 76| 204 8.0 18 8.3 17.5| 84| 17.5| 8.9
AZ_DNAm1A16

10 2.43 213 7.0 221 58| 19.2( 10.3| 17.5| 12.5| 218 71| 24.9| 8.3
20 1.69 238 71| 21.2| 65| 176| 6.4 16.8| 8.7 223| 74| 26.3| 8
30 1.73 209 83| 20.7| 89| 20.2( 7 19.1| 9.3 223 9.2| 25.4| 9.9
50 1.61 223 78| 21.2| 8 18.8| 8.1 18.7| 94 227 85| 26 8.3
80 1.73 222 83| 20.9| 84| 19.5( 8.7 19.4| 9.6 2271 9.3| 25.6| 8.9
100 1.82 221 8.6| 21 8.3 19.6| 8.5 19.2| 9.7 225| 89| 25.7| 8.3
150 2 221 81| 20.7| 82| 19.6( 8.5 18.7| 94 222| 8.8| 25.5| 8.7
200 217 21.8| 83| 20.8| 82| 19.6( 8.2 18.4( 91 218 9 25.2| 8.7
300 2.44 214 81| 20.5| 79| 194 8.1 18.3( 9 21.8| 85| 24.8| 8.7
400 2.66 21 81 20.5| 81| 19.2| 83 18.1| 8.8 21.3| 8.4| 24.5| 8.7
500 2.85 2121 79| 206| 8 19.2( 8.1 18.1| 8.7 21.3| 8.2| 24.5| 8.7
800 3.27 21 79| 20.5| 79| 19.2 8.2 17.8| 8.6 209| 8.3| 24.2| 8.6
1000| 3.5 21 8 204 79| 19.1] 8.2 17.6| 8.6 206| 8.1| 24.1| 8.5
1500| 3.95 2071 79| 203 79| 19 8.2 17.3| 84 201 8.2| 23.9| 8.5
2000 4.32 206 79| 20 78| 18.7| 8.2 17.2| 84 19.8| 8.2 23.7| 8.6




As-DNA

10 2.45 9.6 6.8 8.5 79| 114 8.6 121 9.1 151 96| 141 7.7
20 1.64 109| 7.2| 9.7 58| 12.2| 5.7 127 7.4 15.5] 89| 16.4| 8.8
30 1.62 112 71| 103]| 6.3| 11.9| 7.8 13.5] 10.1] 18 9.3 16.6( 7.3
50 1.64 117 71 111 69| 121 7.2 13.5| 8.4 17.5] 83| 16.3| 8.5
80 1.78 114 74| 108 74| 11.8| 7.2 13.1] 8.3 174 94| 16.5| 8.3
100 1.85 114 7 109] 6.7] 12 7.2 12.8] 8.1 171] 91| 16.2| 8.8
150 2.09 115 73| 109] 7 123 7.5 13.1] 8.1 16.7| 86| 159| 8.8
200 2.28 118 74| 111 74| 125 7.7 136| 8 16.8] 84| 16 8.9
300 2.59 11.9] 7 115 72| 126] 7.7 13.6| 7.8 16.6| 86| 159 9
400 2.84 11.8] 7 114 71| 124] 7.3 13.2) 7.7 16.1] 88| 159| 8.9
500 3.06 116 7 113 72| 124] 74 131 7.6 15.8| 86| 16 8.8
800 3.55 114] 6.8] 11 6.9 12 71 128 7.4 15.5| 84| 15.6| 8.7
1000| 3.81 11.2] 6.6| 10.8| 6.8| 11.9| 6.9 127 7.2 15.3] 83| 15.5| 8.5
1500 4.29 109 6.6| 106| 6.7| 11.6| 6.8 123 71 148 81| 15.2| 8.5
2000 | 4.67 109| 66| 104]| 6.5 11.3| 6.6 12 6.9 145 8 15.2| 8.4
Ag-DNA™IAT6

10 2.92 13.2] 93| 147 73| 141]| 6.3 11.8] 5.8 176 86| 22.7( 10.3
20 2.46 126| 84| 143 78| 14 6.3 13.7] 8.8 18 94| 23.8( 10.8
30 2.46 111 76| 124 78| 121]| 6 116 7.5 17.7] 91| 23.6( 10.4
50 2.53 119 73| 132 7 134] 6.5 13.5| 6.8 17.9] 82| 23.9( 10
80 272 122 73| 137 7.7 134| 7.5 13 71 173 76| 231 9.6
100 2.81 121 76| 131 74| 126]| 7.1 124 6.9 174 74| 229 95
150 3.04 123 74| 127 71| 122 6.7 126| 6.6 171 76| 231 93
200 3.22 121 6.7 122 69| 11.8| 6.6 12.3| 6.7 16.7] 76| 225 9
300 3.49 12 6.7 119 6.7 11.5]| 6.3 11.9] 6.5 164 76| 224 8.8
400 3.71 11.8] 66| 115 66| 11.1| 6.2 116 6.3 16.1| 75| 222 8.7
500 3.9 115 65| 113 6.5| 109 59 11.2] 6.1 16 73 21.9| 8.7
800 4.31 114) 66| 109 6.3| 10.8| 59 11.2] 6.1 159 72| 21.7| 8.8
1000 | 4.53 11.2] 64| 108| 6.3| 10.8| 5.8 11 6.1 157 71| 21.7| 8.7
1500 | 4.95 10.8] 6.2 10.5( 6.3| 10.7| 5.8 106| 6 154 7 21.6| 8.7
2000 5.28 106| 6 10.2| 6 104| 5.6 10.2] 5.9 151 7 21.3| 8.7
10 2.92 13.2] 93| 147 73| 141]| 6.3 11.8] 5.8 176 86| 22.7( 10.3




Table S5. Robustness of local kinking angles (B) with various RDC data sets.

Global Local Kinking Angles B (°)
Type Construct Bending
©) 4-21 5-20 6-19 7-18 8-17 9-16
A,-DNA 11+5 218 | 2216 21+8 | 19+10 | 1928 | 177
Ensembl
( s€ bel A,-DNA™AT6 15+8 23+8 | 21+7 18+8 | 1729 2:+8 | 269
no termina
RDCs) As-DNA 14+8 1+7 | 106 12+7 | 14+9 17+9 | 15¢8
Ag-DNA™AT 22 +10 12+8 | 13+8 13+6 | 1327 18+8 | 23+10
A,-DNA 11+5 2128 | 2227 219 | 19+9 19+8 | 18+8
Ensemble A,-DNA™A® | 1517 24+8 | 207 18+7 | 1729 219 | 25+9
no 2b
:erm'n:I RDCs) As-DNA 158 1027 9+6 1027 118 15+8 15+8
|
As-DNA™AC | 22 4 11 11+6 | 13+7 12+7 | 1227 18+8 | 24+11




XPLOR parameters used for m1A residue (nucleic.top modified to include the following)

RESIdue AlM
GROUP

ATOM P

ATOM O1P
ATOM O2P
ATOM O5'
GROUP
ATOM C5'
ATOM H5'
ATOM H5''
GROUP
ATOM C4'
ATOM H4'
ATOM 04'
ATOM C1'
ATOM H1'
GROUP
ATOM N9
ATOM C4
GROUP
ATOM N3
ATOM C2
ATOM H2
GROUP !
ATOM N1
ATOM C6
ATOM C1
ATOM H11
ATOM H12
ATOM H13
GROUP

ATOM N6
ATOM H61
ATOM H62
GROUP
ATOM C5
ATOM N7
ATOM C8

ATOM HS8

TYPE=XP
TYPE=X02
TYPE=X02
TYPE=XO0S

TYPE=XC2
TYPE=XH

TYPE=XH

TYPE=XCH
TYPE=XH

TYPE=XO0S
TYPE=XCH

TYPE=XH

TYPE=XNS
TYPE=XCB

TYPE=XNC
TYPE=XCE

TYPE=XH

TYPE=XNC
TYPE=XCA
TYPE=XC3
TYPE=XH
TYPE=XH
TYPE=XH

TYPE=XN2
TYPE=XH2
TYPE=XH2

TYPE=XCB
TYPE=XNB
TYPE=XCE

TYPE=XH

CHARge=1.20
CHARge=-0.40
CHARge=-0.40
CHARge=-0.36

CHARge=-0.070
CHARge=0.035
CHARge=0.035

CHARge=0.065
CHARge=0.035
CHARge=-0.30
CHARge=0.165
CHARge=0.035

CHARge=-0.19
CHARge=0.19

CHARge=-0.26
CHARge=0.225
CHARge=0.035

NlMe is added here

CHARge=0.685
CHARge=0.28
CHARge=-0.070
CHARge=0.035
CHARge=0.035
CHARge=0.035

CHARGE=-0.42
CHARge=0.21
CHARge=0.21

CHARge=0.02

CHARge=-0.25
CHARge=0.195
CHARge=0.035

END
END
END
END

END!"
END!"

END!"

END! "
END!"
END
END!"

END!"

END
EXCL=( N1
EXCL=( C6
EXCL=( C5

END!"

END
END
END!"
END!"
END!"

END!"

END!
END!

END!

END
END
END!"

END!"

)

)
)

END

END

END

'Rl



GROUP

ATOM C2' TYPE=XCH CHARge=0.115 END!"

ATOM H2'' TYPE=XH CHARge=0.035 END!"

ATOM 02' TYPE=XOH CHARge=-0.40 END

ATOM H2' TYPE=XHO CHARge=0.25 END

GROUP

ATOM C3' TYPE=XCH CHARge=-0.035 END!"

ATOM H3' TYPE=XH CHARge=0.035 END!"

GROUP

ATOM 03' TYPE=XOS CHARge=-0.36 END

BOND P O1P BOND P 0O2P BOND P O5'

BOND O5' C5' BOND C5' C4' BOND C4' 04' BOND C4' C3' BOND 04' C1'
BOND C1' N9 BOND C1' C2' BOND N9 C4 BOND N9 C8 BOND C4 N3
BOND C4 C5 BOND N3 C2 BOND C2 N1 BOND N1 C6 BOND C6 N6
BOND N6 H61 BOND N6 H62 BOND C6 C5 BOND C5 N7 BOND N7 C8
BOND C2' C3' BOND C2' 02' BOND 02' H2' BOND C3' 03' {* BOND O3'+P
BOND C1' H1' BOND C2' H2'' BOND C3' H3' BOND C4' H4' BOND C5' H5'
BOND C5' H5'' BOND C8 HS8 BOND C2 H2

! For NlMe

BOND N1 Cl1 BOND C1 HI11 BOND Cl1 H12 BOND C1 H13
{* DIHE -03' P O5' C5' DIHE -03' P 05' C5' *}

DIHE P O5' C5' C4' DIHE O5' C5' C4' 04' DIHE O5' C5' C4' C3'

{* DIHE C4' C3' 03' +P DIHE C3' 03' +P +05' DIHE C3' 03' +P +05'
DIHE 04' Cl' N9 C4

! NOT E: SUGAR RING TERMS SET UP AS W. OLSON DOES IT

DIHE 04' Cl1' C2' c3' ! 0-C-C-C, twofold term

DIHE 04' Cl1' c2' cC3'

DIHE Cl1' C2' C3' c4'

DIHE C2' C3' C4' 04' ! 0-C-C-C, twofold term

DIHE C2' C3' c4' 04'

DIHE
DIHE
! AND
DIHE
DIHE
DIHE
DIHE
DIHE
DIHE
DIHE

c3' c4' o04' cl'’
c4' 04' cCl1' c2'
THE SPECIAL GAUCHE TERMS
c5' c4' c3' 03’
04' Cc4' c3' 03’
04' cCl1' c2' o2'
cl1' c2' c3' o03'
c4' cC3' c2' o2'
03' ¢3' c2' o02'
c3' c2' 02' H2'

*}

*}



! SO THE ALLHYDROGEN TERMS

DIHE 04' C4' C3' H3'

DIHE 04' Cl1' c¢c2' H2''

DIHE C4' 04' Cl1' H1'

DIHE Cl1' 04' C4' H4'

DIHE C3' C4' C5' H5'

DIHE C3' C4' ¢5' H5''

! For NlMe

DIHE C6 N1 C1l H11

DIHE C6 N1 C1l H12

DIHE C6 N1 C1l H13

IMPRoper H1l H12 N1 H13 ! copied from thy methyl
IMPRoper C1 C2 C6 N1

! Dihedrals to keep the two purine rings parallel:
impr C8 Cc4 C5 N1 impr C8 C5 C4 c2
impr N3 C4 C5 N7 impr C6 C5 C4 N9

! The ring-spanning impropers have been left out.

IIMPR C5' 04' C3' cC4' IMPR 03' (C2' C4' c(C3' IMPR N9 c2' o04'
{* chiral impropers included for DG and SA *}

improper H1' C2' 04' N9

improper H2'' C3' Cl1' 02'

improper H3' C4' C2' 03"

improper H4' C5' C3' 04'

{* chiral improper included for H5'/H5'' definition, according to *}

cl'

{* Wijmenga, Mooren and Hilbers in NMR of nucl. acids, (Ed. Roberts) *}

improper H5' O5' H5'' C4' 1C5'

IMPR Cl1' C4 Cc8 N9

IMPR N9 Cc4 C5 N7 IMPR C4 C5 N7 C8 IMPR C5
IMPR N7 C8 N9 Cc4 IMPR C8 N9 C4 C5 IMPR N6
IMPR H62 C6 H61 N6 IMPR C4 N3 c2 N1 IMPR N3
IMPR C2 N1 Cé6 C5 IMPR N1 Cé C5 C4 IMPR C6
IMPR C5 Cc4 N3 c2 IMPR HS8 N7 N9 Cc8

IMPR H2 N1 N3 Cc2
{IMPR C2' C3' Cl' o02'

N7

N1
Cc2

C5

Cc8
C5
N1
C4

! this first improper is insufficient to keep the N2 group coplanar,

! so I'm adding more. JJK 3/10/04

! Changed signs to match Discover? params, JJK 3/16/04

N9
Cé6
Cé6
N3

! Changed them back to match IUPAC (Eur J Biochem 131,9, fig 2) JJK 7/19/04



IMPRoper C5 C6 N6 H61

IMPRoper N1 C6 N6 H62

IMPRoper C5 C6 H61 H62

IMPRoper N1 C6 H62 H61

DONO H61 N6
DONO H62 N6
DONO H2' 02'
ACCE N3 " "
ACCE N1 " "
ACCE N7 " "
ACCE OlP P
ACCE 02P P
ACCE 02' " "
ACCE 03' " "
ACCE 04' " "
ACCE 05' " "

{* IC -03' P

{* IC -03' 05'
{* IC -03' 05'
ic P 05' C5'
IC 05' C5' C4'
Ic c5' Cc4' C3'
{* ICc c4' C3'
{* Ic c3' 03"
IC 04' C3' =*C4
IC C2' C4' =*C3
ICc c4' C3' C2'
Ic c3' c2' c1'
IC 04' Cl1' N9
IC C1' C4 *N9
ICc4 N9 C8
IC C8 N9 C4
IC N9 C5 *C4
IC C5 C4 N3
IC C4 N3 C2
IC N3 C2 N1
IC C5 N1  *Cé6
IC N1 C6 N6
IC H61 C6 *N6

05' C5' 1.6001 101.45 -39.
*P  01P 1.6001 101.45 -115.
*P  02P 1.6001 101.45 115.
c4'’ 1.5996 119.00 -151.39
c3' 1.4401 108.83 -179.85
03" 1.5160 116.10 76.70
03' +P 1.5284 111.92 159.
+P  +05' 1.4212 119.05 -98.
' C5' 1.4572 104.06 -120.04
' 03" 1.5284 100.16 -124.08
cl' 1.5284 100.16 39.58
N9 1.5284 101.97 144.39
C4 1.5251 113.71 -96.00
Cc8 1.4896 125.97 -179.94
N7 1.3703 105.00 -0.07
C5 1.3768 105.00 0.06
N3 1.3703 106.60 -179.93
Cc2 1.3650 126.69 -0.04
N1 1.3486 111.18 -0.02
Ccé 1.3130 128.64 0.06
N6 1.4034 117.43 -179.96
H61 1.3456 119.06 179.96
H62 1.0100 120.00 180.00

25 119.00 1.4401
82 109.74 1.4802
90 109.80 1.4801
110.04 1.5160
116.10 1.5284
115.12 1.4212
13 119.05 1.6001
86 101.45 1.5996
116.10 1.5160
115.12 1.4212
102.04 1.5251
113.71 1.4896
125.97 1.3703
105.00 1.3768
113.93 1.2970
106.60 1.3650
126.69 1.3486
111.18 1.3130
128.64 1.3399
118.95 1.3456
119.06 1.3410
120.00 1.0100
120.00 1.0100

*}
*}
*}

*}
*}



IC Cc1' ¢3' =*c2' o2' 1.5284 102.04 -114.67 110.81 1.4212 !INFERENCE
IC H2' 02' c2' cC3' 0.9600 114.97 148.63 111.92 1.5284 !GUESS

! the all hydrogen part (NOT TOO CAREFULLY DONE /LN)

IC 04' c2' =*Cl' H1' 0.0 0.0 -115.0 0.0 0.0
IC c1' ¢3' =*Cc2' H2'' 0.0 0.0 115.0 0.0 0.0
IC c2' c4' *C3' H3' 0.0 0.0 115.0 0.0 0.0
IC C3' 04' =*C4' H4' 0.0 0.0 -115.0 0.0 0.0
IC c4' O5' =*C5' H5' 0.0 0.0 -115.0 0.0 0.0
IC c4' O5' =*C5' H5'' 0.0 0.0 115.0 0.0 0.0
! THE BASE:

IC N9 N7 *C8 HS8 0.0 0.0 180.0 0.0 0.0
IC N1 N3 *C2 H2 0.0 0.0 180.0 0.0 0.0

END {* AIM *}
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