Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2022

Supplementary Information

5-Formylcytosine Weakens the G-C Pair and Imparts Local
Conformational Fluctuations to DNA Duplexes

Manjula Jaisal,’ Rajesh Kumar Reddy Sannapureddi,t Arjun Rana, Bharathwaj Sathyamoorthy”

Department of Chemistry, Indian Institute of Science Education and Research, Bhopal 462066, India

*To whom correspondence should be addressed. Tel: +91-755-269-1323; Fax: +91-755-269-2392;
Email: bharathwaj@iiserb.ac.in

Table of Contents:

1. Details of sparse sampling method optimization

2. 3C-'H F2-coulded HSQC spectra obtained for DNA™

3. NMR data tables for DNA®" and DNAN

4. '3C/"®N chemical shift and 'Jc.n perturbations for all the nucleotides across samples (DNAW)
compared to DNA®centrol
Statistics of structure refinement constraints
Cartoon model comparison and structural parameters analyzed for DNA®"™ and DNAN
RDC RMSD tables



1. Details of sparse sampling method optimization

Acquisition of 3 C/'>N data requires isotope enrichment or natural isotopic abundance samples at high
concentration (> 1 mM). Preparation of isotopically enriched DNA is expensive due to the inherent cost
of 3C/"®N labeled nucleotide triphosphates and phosphoramidites. In particular, the precursors for
modified nucleotides are seldom prepared with '3C/'>N isotope labeling restricting NMR to natural
abundance samples.” Additionally, modified DNA samples are often limited in concentration due to poor
yields limiting NMR to proton-based studies. For instance, DNA™ samples prepared in this study,
following HPLC purification, provided an overall sample concentration of 90 uM at natural abundance
(i.e., 0.9 M *C and 0.4 uM ©N).

Numerous NMR methods have been developed in the past decade to address acquiring
multidimensional data for sensitivity-limited samples.?® Under-sampling in the indirect dimension
relative to conventionally Nyquist methods presents itself as an attractive alternative immensely
reducing measurement times.?® We investigated the effectiveness of sparse sampling methodology by
adopting the Poisson-Gap sampling (along "*C dimension) that has been proved effective for measuring
two-dimensional (2D) heteronuclear correlation data.* To assess the optimum under-sampling rate, '*C-
'H data spectra were acquired at 5-95% of the conventional experiment for the natural abundance
DNAcentel sample (2.7 mM), with otherwise identical experimental parameters (number of scans,
spectral width, recycle delay, acquisition times, etc.). The data were processed with a compressed
sensing methodology® that provides high fidelity with frequency and intensity measurement. The spectra
were benchmarked on their ability to measure '*C and 'H chemical shifts reliably compared to the

conventional 2D experiment.

Reduction of sampling rate is accompanied with loss of precision in the measurement of '*C and 'H
shifts (Figure S1A and S1B). Reduction of sampling rate to 25% in the indirect dimension produces a
root-mean-square-deviation (RMSD) of 4 (0.7 Hz) and 2 (1.7 Hz) ppb for *C and 'H shifts, respectively,
for cross-peaks across the aromatic (C2, C6/C8) and sugar (C1' and C2') moieties with mean absolute
deviations of < 0.2 Hz. Subsequent reduction of the sampling rate (i.e., < 25%) increases the RMSD to
0.8-3.0 and 2.0-4.0 Hz for '*C and 'H chemical shifts, respectively, and introduces spectral artifacts
(Figure S1A) reducing overall resolution in the severely aliased spectrum. Thus, 25% sampling provided

the optimum time reduction and the necessary precision required for heteronuclear correlation.

Robustness of the 25% sampling was tested with 2D '*C-'H spectra for DNA®"™ sample at one-tenth
concentration (270 uM) with conventional 100% (control) and sparse 25% sampling (total measurement
time of 5.3 hours). The time saved for 25% sampling method was compensated by increasing the
number of scans by four times. Increased scans achieve a better signal averaging and consequently a
two-fold improvement in “apparent” signal-to-noise ratio® (Figures S1C) for the sparsely sampled data.
Both 25% and 100% sampling datasets reproduced with '3C and "H chemical shift RMSD of 1-2 Hz with
mean absolute deviation of < 0.7 Hz. These optimized sparse sampling parameters were employed in
the subsequent data acquisition of all the modified samples and also for 2D >N-'H SOFAST-HMQC

data acquisition.



With frequencies reliably measured, we probed the ability of the experiment to measure one-bond
13C-"H scalar coupling ('Jcr). 2D HSQC spectrum was acquired without decoupling during acquisition
providing 'JcH the 'H dimension, while the '*C sparsely sampled dimension provided the necessary
spectral resolution for the analysis. 25% sampling provides an overall 'Jch RMSD of 1.2 Hz (for sugar
C1'-H1' and nucleobase C2/5/6/8-H2/5/6/8 bonds) and mean deviation of -0.3 Hz, making these
measurements amenable for scalar and residual dipolar coupling studies.
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Figure S1: (A) '°C-'H spectra acquired with varied sampling % in '*C dimension for DNA"™ sample (2.7 mM),
resonance peaks/contours are shown for A3-C8/H8 and A11-C8/H8. Both resonances are well represented even
at 5% sampling. Spectral artifacts in the '*C dimension starts showing up below 25% sampling on upfield and
downfield to actual chemical shifts, complicating the spectral analysis. (B) Chemicals shift values of '*C and 'H (in
Hz) for C6, C8, C1', C2' and H6, H8, H1', H2', H2" were acquired at variable samplings % were compared with data
acquired at 100% sampling (DNA®"© 2 7 mM), mean absolute deviations with RMSD were for plotted (m for mean
and error bars for RMSD), also maximum deviation and minimum deviation were shown as A, and ¥, respectively.
At each sampling % '3C (blue) and 'H (red) are shown individually. Y-axis on left represents mean and RMSD in
Hz, scale on the right represent for minimum and maximum deviations in Hz. (C) Comparison of signal to noise
ratio (S/N) for traces in the 3C dimension, for DNA® at 2.7 mM and 0.27 mM. With concentrated sample (2.7
mM) at 100% sampling S/N of 32.5 is observed, with low concentration (0.27 mM) sample S/N is 4.8 at 100%
sampling and 64 scans, apparent S/N increased to 9.4 with one fourth sampling (25%) and 4 times more scans
(ns 256) nearly doubled apparent S/N is observed with same amount experimental time.
2. HSQC spectra obtained for DNAF3
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Figure S2: Overlaid '3C-"H spectra with F2-coupling acquired with 25% in '3C dimension for DNAF2 sample. C1'-H1'
region of spectra is shown. Data acquired in isotropic conditions used for measuring 'Jc1-11 is shown in blue and

anisotropic conditions (~20-25 mg/mL Pf1-phage) used for '(J+D)c1-11r measurements are shown in red.



3. NMR data tables for DNA and DNAN*
Table S1: NMR data tables for chemical shifts, J-couplings and dipolar couplings

DNA"!  d(CTACGCGCGTAG);

SH1"| YH1'
C2/C5|H2/H5 Jceice- "Dceics "Der- | Cdhz- | Cdhze

Nt c1' H1' c2 H2' H2" |C6/C8|H6/H8| C4' H4' | /C7 | /H7 [N1/N3|H1/H3| H41 | H42 | wems |'Jco-nz|'Jor-nr| -Hems Dozl wr H1') H1')
C1 88.3 | 591 | 40.7 | 215 | 2.56 |143.2| 7.85 | 88.2 | 411 | 994 | 5.96 182.7 172.2| 15.7 6.0 | 13.7 | 12.8
T2 | 859 | 569 | 39.0 | 223 | 2.52 |139.7| 7.55 | 86.4 | 419 |14.50| 1.73 |159.3|13.69 179.2 165.9| 12.3 11.0| 13.3 | 17.0
A3 | 849|623 |40.2 | 274 | 2.89 |141.8| 8.33 | 87.5 | 4.43 |154.8| 7.59 213.71201.6 |1659| 156 | 10.2 | 12.2 | 14.0 | 16.1
C4 | 86.1 | 555|39.8| 193|231 (1421|724 | 85.2 | 416 | 98.4 | 5.27 8.17 | 6.51 | 178.6 165.9| 20.0 3.5 - 16.5
G5 | 845|584 | 404 | 259 | 2.70 |138.1| 7.81 | 87.2 | 4.34 147.0(12.85 212.8 163.1| 16.5 14.1 | 144 | 161
C6 | 86.3 | 564 | 399 | 1.95 | 2.35 |1422| 7.23 | 854 | 413 | 98.5 | 5.28 8.27 | 6.33 | 178.2 166.4| 21.0 126 | 13.1 | 16.8
G7 | 844 | 585|405 | 259 | 2.70 |138.1| 7.85 | 87.2 | 4.34 147.0|12.91 212.8 163.0| 16.7 10.8 | 14.0 | 16.2
C8 | 86.3 | 5.65 | 40.0 | 2.00 | 2.36 |142.2| 7.25 | 854 | 4.14 | 98.6 | 5.31 8.27 | 6.34 |177.8 166.1| 18.8 11.3 | 134 | 16.9
G9 | 846 | 592|405 | 259 | 2.73 |138.4| 7.87 | 87.2 | 4.34 147.0 (12.77 213.5 165.3| 17.9 119 | 14.0 | 161
T10 | 85.2 | 5.57 | 391 | 1.94 | 2.25 |1385| 7.20 | 854 | 412 | 145 | 1.53 |158.5|13.64 1771 167.6| 14.6 95 | 13.7 | 16.8
A11 | 85.0 | 6.06 | 40.1 | 2.68 | 2.86 |141.9| 8.18 | 87.5 | 4.39 | 154.3| 7.55 212.81202.3|166.6| 116 | 134 | 11.2 | 13.8 | 16.3
G12 | 84.2 | 6.01 | 424 | 2.26 | 2.43 |138.5| 7.71 | 87.4 | 4.17 211.4 163.8| 9.0 76 | 16.1 | 13.8




DNAM d(CTACG*"CGCGTAG);

SH1"| YH1'
C2/C5|H2/H5 Jceice- "Dceics "Der- | Cdhz- | Cdhze

Nt c1' H1' c2 H2' H2" |C6/C8|H6/H8| C4' H4' | /C7 | /H7 [N1/N3|H1/H3| H41 | H42 | wems |'Jco-nz|'Jor-nr| -Hems ['Dea-tz|  Hr H1') H1')

C1 88.3 | 591 | 40.7 | 214 | 2.56 |143.2| 7.85 | 88.2 | 411 | 994 | 5.97 181.5 173.3| 15.2 -8.2 | 133

T2 | 859 | 568 | 39.0 | 223 | 2.52 |139.7| 7.54 | 86.4 | 419 | 145 | 1.73 |159.3|13.72 177.6 167.7| 13.5 12.3 | 14.0 | 16.5
A3 | 849|623 |40.2 | 274 | 2.89 |141.8| 8.32 | 87.5 | 4.43 |154.8| 7.58 212.81200.6 | 166.3| 14.0 | 123 | 14.2 | 147 | 164

C4 | 86.1 | 555 |39.8 | 1.97 | 2.31 |{1421| 7.25 | 85.2 | 417 | 98.4 | 5.27 8.15 | 6.52 [177.3 166.5| 20.8 3.7 | 14.0 -
G5 | 84.6 | 592 | 405 | 253 | 2.78 |138.2| 7.80 | 87.2 | 4.34 147.0112.85 2121 164.9| 17.5 144 | 134 | 16.5

SmC6 | 86.0 | 5.57 | 39.8 | 1.95 | 2.32 |138.8| 7.04 | 85.6 | 4.17 | 15.1 | 1.54 8.60 | 5.99 |176.9 166.5| 19.1 9.5 | 13,5 -
G7 | 845|584 | 405 | 2.61 | 2.69 |138.1| 7.83 | 87.2 | 4.34 1471 (12.94 212.0 164.0| 15.7 13.9 | 143 | 159
C8 | 86.4 | 5.71 | 40.1 | 2.02 | 2.39 |142.2| 7.27 | 85.6 | 4.17 | 98.6 | 5.29 8.25 | 6.31 [177.0 166.9| 21.2 116 | 14.0 | 15.6
G9 | 846 | 591|405 | 259 | 2.73 |138.3| 7.86 | 87.2 | 4.33 146.9 (12.75 213.7 163.7 | 15.9 148 | 141 | 159
T10 | 85.2 | 5.57 | 391 | 1.94 | 2.26 |[1385| 7.20 | 85.5 | 412 | 145 | 1.52 |158.5|13.65 177.5 166.6 | 12.2 10.6 - 16.1
A11 | 85.0 | 6.06 | 40.1 | 2.68 | 2.86 |141.9| 8.18 | 87.4 | 4.39 | 154.3| 7.55 213.81204.0(166.2| 8.8 |13.77| 12.3 | 140 | 158
G12 | 84.2 | 6.01 | 424 | 2.27 | 243 |138.5| 7.71 | 87.4 | 4.17 2114 163.6| 7.1 79 | 154 | 147




DNA" d(CTACGCG*"CGTAG),

SH1"| YH1'
C2/C5|H2/H5 Jceice- "Dceics "Der- | Cdhz- | Cdhze
Nt c1' H1' c2 H2' H2" |C6/C8|H6/H8| C4' H4' | /C7 | /H7 [N1/N3|H1/H3| H41 | H42 | wems |'Jco-nz|'Jor-nr| -Hems ['Dea-tz|  Hr H1') H1')
C1 88.3 | 591 | 40.7 | 215 | 2.56 |143.2| 7.85 | 88.3 | 411 | 994 | 5.96 182.7 172.7| 13.6 -6.5 | 14.0
T2 | 859 | 569 | 39.0 | 224 | 252 |139.8| 7.55 | 86.4 | 419 | 145 | 1.73 [159.2|13.71 178.8 166.0| 13.6 111 | 13.6 | 17.5
A3 | 849|625 |403 | 274 | 291 |141.8| 8.33 | 87.5 | 4.44 |154.8| 7.58 2145|201.3|166.2| 13.3 | 10.7 | 14.0 | 13.8 | 16.8
C4 | 86.1 | 556 | 39.7 | 1.93 | 2.33 |142.0| 7.23 | 85.2 | 416 | 98.4 | 5.28 8.21 | 6.50 [178.6 165.3| 16.3 57 | 133 | 171
G5 | 845|582 | 406 | 2.58 | 2.68 |138.2| 7.82 | 87.2 | 4.33 147.0112.89 212.2 162.6| 13.9 14.1 | 13.5 -
C6 | 86.3 | 5.68 | 39.9 | 2.01 | 2.38 |142.2| 7.26 | 85.6 | 4.16 | 98.4 | 5.27 824 | 6.31 | 1771 168.5| 19.9 11.8 | 127 | 17.5
G7 | 846 | 593 | 404 | 255 | 2.79 |138.2| 7.83 | 87.2 | 4.33 147.0(12.89 211.5 164.3| 19.2 13.1 - -
SmC8 | 86.1 | 5.56 | 39.8 | 1.98 | 2.31 |138.9| 7.06 | 85.6 | 4.16 | 15.1 | 1.57 8.55 | 6.05 | 176.6 165.7 | 20.0 9.1 13.7 | 16.5
G9 | 84.7 | 590 | 40.6 | 2.58 | 2.71 |138.3| 7.83 | 87.2 | 4.33 147.0 (12.75 213.7 164.8| 154 13.9 - -
T10 | 85.3 | 5.60 | 391 | 1.96 | 2.27 |1386| 7.21 | 85.6 | 413 | 145 | 1.51 |158.5|13.63 177.9 167.6| 11.5 11.7 | 133 | 174
A11 | 85.0 | 6.06 | 40.1 | 2.68 | 2.86 |141.9| 819 | 87.4 | 4.39 | 154.3| 7.50 213.81201.9|166.2| 9.1 119 | 124 | 13.7 | 16.8
G12 | 842 | 6.01 | 424 | 2.27 | 243 |138.5| 7.71 | 874 | 4.17 212.2 164.0| 7.8 79 | 16.8 | 13.3




DNA™ d(CTA’™CG°"CG°"CGTAG).

SH1"| YH1'
C2/C5|H2/H5 Jceice- "Dceics "Der- | Cdhz- | Cdhze
Nt c1' H1' c2 H2' H2" |C6/C8|H6/H8| C4' H4' | /C7 | /H7 [N1/N3|H1/H3| H41 | H42 | wems |'Jco-nz|'Jor-nr| -Hems ['Dea-tz|  Hr H1') H1')
C1 88.3 | 591 | 40.7 | 215 | 2.56 |143.2| 7.85 | 88.3 | 411 | 994 | 5.96 173.0 173.0| 14.3 -8.3 | 14.0 | 16.6
T2 | 859 | 571 | 39.0 | 224 | 252 |139.7| 7.55 | 86.4 | 419 | 145 | 1.73 164.7 164.7 | 12.3 13.7 | 13.6 | 16.2
A3 | 849|628 |40.2 | 272 | 296 |141.8| 8.39 | 87.6 | 4.44 |154.7| 7.59 165.11201.7|165.1| 13.0 | 10.5 | 13.7 | 144 | 16.8
SmC4 | 85.9 | 5.50 | 39.7 | 1.97 | 2.29 |138.9| 7.07 | 85.2 | 4.14 | 14.9 | 1.57 8.43 | 6.17 |164.7 164.7| 17.4 1.7 | 143 -
G5 | 84.8 | 590 | 40.7 | 2.53 | 2.75 |138.1| 7.77 | 87.1 | 4.33 147.1 | 12.86 163.8 163.8| 17.3 14.2 - 16.5
SmC6 | 86.2 | 5.61 | 39.8 | 2.03 | 2.34 |138.9| 7.08 | 85.6 | 4.14 | 15.0 | 1.50 8.55 | 5.96 |167.4 167.4| 18.2 10.8 | 124 -
G7 | 84.7 | 591 | 40.7 | 255 | 2.78 |138.1| 7.81 | 87.1 | 4.33 147.1(12.89 163.4 163.4| 151 14.4 - 16.2
SmC8 | 86.2 | 5.62 | 39.8 | 2.05 | 2.36 |138.9| 7.09 | 85.6 | 4.14 | 15.1 | 1.54 8.56 | 5.95 [ 166.2 166.2| 17.0 11.0 | 13.7 -
G9 | 84.6 | 590 | 40.7 | 2.57 | 2.72 |138.2| 7.81 | 87.1 | 4.33 146.9 (12.75 167.0 167.0| 151 9.3 - 17.3
T10 | 85.3 | 5.61 | 39.2 | 1.99 | 2.30 [138.6| 7.23 | 85.6 | 4.14 | 144 | 1.48 | 158.5|13.61 165.9 165.9| 16.8 119 | 139 | 161
A11 | 85.0 | 6.06 | 40.1 | 2.68 | 2.86 |141.9| 819 | 87.4 | 4.37 |154.3| 7.54 164.8|203.7 |164.8| 86 | 125 | 13.8 | 13.7 | 14.7
G12 | 84.2 | 6.01 | 424 | 2.26 | 2.43 |138.5| 7.71 | 87.4 | 4.17 164.0 164.0| 7.0 6.9 | 16.1




DNA"® d(CTACG®°"CGCGTAG);

SH1"| YH1'
C2/C5|H2/H5 Jceice- "Dceics "Der- | Cdhz- | Cdhze

Nt c1' H1' c2 H2' H2" |C6/C8|H6/H8| C4' H4' | /C7 | /H7 [N1/N3|H1/H3| H41 | H42 | wems |'Jco-nz|'Jor-nr| -Hems ['Dea-tz|  Hr H1') H1')

C1 88.3 | 591 | 40.7 | 215 | 2.56 |143.2| 7.85 | 88.3 | 411 | 994 | 5.97 181.7 173.3| 12.9 -7.2 | 14.0

T2 | 859 | 568 | 39.0 | 223 | 2.52 |139.7| 7.55 | 86.4 | 419 | 145 | 1.73 [159.2|13.71 177.9 167.0| 11.8 109 | 13.9 | 16.6
A3 | 849|623 |40.2 | 274 | 2.89 |141.8| 8.33 | 87.5 | 4.43 |154.8| 7.58 214.6(200.8(1659| 131 | 85 | 126 | 13.7 | 16.5
C4 | 86.1 | 554 | 398|196 | 2.31 |{1421| 7.25 | 85.2 | 416 | 98.3 | 5.27 8.14 | 6.52 | 178.0 166.7 | 18.3 2.1 13.8 | 16.9

G5 | 84.6 | 592 | 405 | 248 | 2.74 |138.0| 7.78 | 87.3 | 4.34 147.0 (12.87 211.9 163.2| 16.3 146 | 13.8 -
ShmCe | 86.2 | 551 | 39.9 | 1.95 | 2.32 | 140.5| 7.23 | 85.2 | 4.16 | 60.1 | 3.94 8.68 | 6.23 [177.9 165.7 | 17.9 9.2 | 13.0 | 16.5
G7 | 845|587 | 405 | 2.63 | 2.72 |1384| 7.89 | 87.3 | 4.35 146.8 | 12.86 212.8 163.0| 15.6 12.6 | 13.8 | 15.7
C8 | 86.3 | 5.70 | 40.0 | 2.01 | 2.39 |142.2| 7.26 | 85.5 | 4.17 | 98.5 | 5.27 8.23 | 6.34 [177.8 167.3| 16.9 105 | 13.1 | 16.2

G9 | 846 | 591 | 405 | 259 | 2.74 |138.4| 7.87 | 87.2 | 4.33 146.9 | 12.91 212.8 164.3| 16.7 12.9 - -
T10 | 85.2 | 5.57 | 391 | 1.94 | 2.26 |{1385| 7.20 | 85.5 | 412 | 145 | 1.53 |158.5|13.63 177.9 166.4 | 11.2 10.2 | 13.5 | 16.8
A11 | 85.0 | 6.06 | 40.1 | 2.68 | 2.86 |141.9| 8.18 | 87.5 | 4.39 | 154.3| 7.55 213.71201.7|166.0| 9.0 | 13.2 | 126 | 13.3 | 16.8
G12 | 84.2 | 6.01 | 424 | 2.27 | 243 |138.5| 7.71 | 87.4 | 4.17 211.2 164.1| 7.2 57 | 16.3 | 14.0




DNA" d(CTACGCG*"™CGTAG);

C2/C5|H2/H5 Jceics- 'Desics 'Der- | ZH1'CIZHTC
Nt c1' H1' c2 H2' | H2" |C6/C8|H6/H8| C4' H4' | /C7 | /H7 [N1/N3|H1/H3| H41 | H42 | wems |'Joo-nz|'Jor-nr| -Hems ['Dea-nzl v |Jnz-nt)|JHzmnre)
C1 | 88.3 | 591|407 | 214 | 256 |{143.2| 7.85 | 88.2 | 411 | 99.4 | 5.96 181.9 172.9| 134 -5.9 | 133
T2 | 859 | 569 | 39.0 | 223 | 2.52 |[139.7| 7.54 | 86.4 | 419 | 145 | 1.73 |159.2|13.70 177.6 167.0| 13.9 85 | 133 | 16.5
A3 | 849|623 |40.2 | 274 | 290 |141.8| 8.33 | 87.5 | 4.43 |154.8| 7.59 214.51200.5|165.5| 12.8 | 10.5 | 146 | 14.0 | 16.1
C4 | 86.1 | 557 | 39.7 | 1.91 | 2.34 |142.0| 7.22 | 85.2 | 416 | 98.5 | 5.25 8.19 | 6.53 [178.2 167.4| 16.8 2.7 | 149 | 156
G5 | 844 | 581|406 | 259 | 2.66 |138.2| 7.83 | 87.3 | 4.33 146.7 | 12.76 212.2 162.8 | 16.1 17.0 | 14.7 | 155
C6 | 86.3 | 5.68 | 40.0 | 2.00 | 2.37 |142.3| 7.26 | 85.6 | 4.16 | 98.4 | 5.27 8.21 | 6.32 |177.6 166.8 | 23.7 122 | 139 | 159
G7 | 845|593 | 404 | 250 | 2.76 |138.0| 7.80 | 87.3 | 4.33 147.0 | 12.91 212.2 163.9| 14.9 13.0 | 13.2 | 154
ShmCg| 86.2 | 5.49 | 39.9 | 2.02 | 2.32 | 140.5| 7.26 | 85.0 | 4.11 | 60.1 | 4.00 8.64 | 6.25 [177.5 166.2| 19.4 10.1 | 141 | 159
G9 | 848|594 | 406 | 258 | 2.75 |138.5| 7.87 | 87.3 | 4.36 146.9 (12.79 212.2 164.8 | 18.2 13.2 | 13.8 | 154
T10 | 85.1 | 558 | 391 | 1.95 | 2.26 |{1385| 7.20 | 85.5 | 411 | 145 | 1.52 |158.5|13.64 177.5 165.9| 12.8 115|142 | 16.2
A11 | 85.0 | 6.06 | 40.1 | 2.68 | 2.86 |141.9| 819 | 87.4 | 4.39 |154.3| 7.54 213.1]202.6 |165.7| 106 | 11.8 | 12.2 | 13.7 | 16.1
G12 | 84.2 | 6.01 | 424 | 2.26 | 243 |138.5| 7.71 | 87.4 | 4.17 211.5 163.8 | 8.1 6.3 | 154 | 14.7
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DNA" d(CTA"™CG*"CG°*"™CGTAG).

SH1"| YH1'
C2/C5|H2/H5 Jceice- "Dceics "Der- | Cdhz- | Cdhze
Nt c1' H1' c2 H2' H2" |C6/C8|H6/H8| C4' H4' | /C7 | /H7 [N1/N3|H1/H3| H41 | H42 | wems |'Jco-nz|'Jor-nr| -Hems ['Dea-tz|  Hr H1') H1')
C1 88.3 | 590 | 40.7 | 214 | 2.56 |143.2| 7.85 | 88.2 | 411 | 994 | 5.96 181.7 172.6 | 11.7 -59 | 13.8
T2 | 859 | 569 | 39.0 | 224 | 251 |139.7| 7.54 | 86.4 | 419 | 145 | 1.72 178.5 167.1| 10.2 96 | 134 | 16.8
A3 | 849 |6.27 | 40.3 | 2.67 | 2.93 |141.7| 8.34 | 87.6 | 4.43 |154.8| 7.58 212.81201.5(1654| 13.2 | 9.0 | 126 | 136 | 17.0
ShmC4 | 86.1 | 5.48 | 39.8 | 1.98 | 2.32 | 140.5| 7.25 | 85.2 | 4.15 | 60.0 | 3.96 85 | 6.38 |177.9 166.1| 17.0 48 | 13.7 | 16.2
G5 | 84.7 | 590 | 40.8 | 2.48 | 2.74 |138.3| 7.80 | 87.3 | 4.34 146.8|12.79 211.8 162.1| 13.8 14.8 | 13.6 -
ShmCe | 86.2 | 5.55 | 39.9 | 2.03 | 2.35 | 140.5| 7.26 | 85.2 | 4.14 | 60.0 | 3.84 8.61 | 6.2 [178.0 167.5| 16.8 10.2 | 13.6 -
G7 | 84.7 | 593 | 40.8 | 2.51 | 2.77 |138.3| 7.84 | 87.3 | 4.34 146.8 | 12.84 211.5 163.7 | 20.1 11.5 - -
ShmCg| 86.3 | 5.56 | 39.9 | 2.07 | 2.37 |140.5| 7.28 | 85.2 | 4.14 | 60.0 | 3.93 8.61 | 6.22 [177.6 165.9| 16.8 8.7 | 14.0 | 16.6
G9 | 84.8 | 593 | 40.8 | 2.57 | 2.74 |138.5| 7.87 | 87.3 | 4.34 146.6 | 12.68 212.4 164.9| 13.6 11.1 | 14.6 -
T10 | 85.2 | 559 | 391 | 1.98 | 2.28 |{138.6| 7.22 | 856 | 413 | 14.4 | 1.48 |158.4|13.61 177.8 166.6 | 10.5 83 | 144 | 177
A11 | 85.0 | 6.06 | 40.1 | 2.68 | 2.87 |141.9| 819 | 87.5 | 4.39 | 154.3| 7.50 213.3/201.2|166.2| 8.2 | 10.7 | 85 | 13.7 | 164
G12 | 84.2 | 6.00 | 424 | 2.26 | 2.43 |138.5| 7.71 | 87.4 | 4.17 212.2 163.6| 5.3 70 | 16.5 | 134
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DNAF® d(CTACG*CGCGTAG).

SH1"| YH1'
C2/C5|H2/H5 Jceice- "Dceics "Der- | Cdhz- | Cdhze

Nt c1' H1' c2 H2' H2" |C6/C8|H6/H8| C4' H4' | /C7 | /H7 [N1/N3|H1/H3| H41 | H42 | wems |'Jco-nz|'Jor-nr| -Hems ['Dea-tz|  Hr H1') H1')
C1 88.3 | 591 | 40.6 | 213 | 2.56 |143.2| 7.84 | 88.2 | 411 | 994 | 5.96 181.4 172.3| 12.8 -6.6 | 13.3 | 14.0
T2 | 859 | 566 | 39.0 | 223 | 2.51 |139.7| 7.54 | 86.4 | 418 | 14.5 | 1.72 |159.2|13.70 177.7 163.9| 14.5 11.7 | 126 | 14.0
A3 | 849 | 622|402 | 273 | 2.88 |141.8| 8.32 | 87.5 | 4.43 |154.7| 7.58 213.81200.9(165.2| 129 | 8.7 | 146 | 143 | 143
C4 | 86.0 | 554 | 39.7 | 1.93 | 2.29 |1421| 7.22 | 85.3 | 416 | 98.4 | 5.24 8.14 | 6.49 | 180.1 166.9 | 21.1 29 (139 | 13.0
G5 | 844 | 593|406 | 256 | 2.78 |137.9| 7.73 | 87.3 | 4.34 147.1(12.92 210.6 164.3| 14.2 15.2 - 14.3
5C6 | 87.0 | 5.62 | 40.5 | 2.01 | 242 |155.3| 8.12 | 85.5 | 4.16 |191.8| 9.25 91 | 7.86 (177.8 172.1| 194 25 (144 | 133
G7 | 845 | 5.89 | 40.7 | 2.61 | 2.73 |138.6| 7.90 | 87.3 | 4.36 146.3 | 12.55 212.0 163.0| 19.3 11.2 | 143 | 14.5
C8 | 864|570 | 40.2 | 1.99 | 2.37 |142.2| 7.25 | 85.3 | 4.16 | 98.4 | 5.23 8.2 | 6.35|178.8 168.2| 20.2 10.2 | 134 | 13.6
G9 | 846 | 592|404 | 2.60 | 2.74 |138.4| 7.87 | 87.3 | 4.34 146.9|12.74 211.7 164.8| 18.8 124 | 134 | 14.5
T10 | 85.1 | 556 | 39.0 | 1.94 | 2.25 |1385| 7.19 | 85.5 | 411 | 145 | 1.53 |158.5|13.63 178.2 166.1| 9.5 10.7 | 13.2 | 14.0
A11 | 85.0 | 6.05 | 40.1 | 2.68 | 2.86 |141.9| 8.18 | 87.5 | 4.38 | 154.3| 7.55 213.6(201.3|166.7| 8.1 123 | 11.8 | 14.0 | 14.7
G12 | 84.2 | 6.01 | 424 | 2.26 | 2.44 |138.5| 7.71 | 87.4 | 4.17 211.6 162.8| 6.2 79 | 154 | 16.1

12




DNAF d(CTACGCG*'CGTAG)

SH1"| YH1'
C2/C5|H2/H5 Jceice- "Dceics "Der- | Cdhz- | Cdhze

Nt c1' H1' c2 H2' H2" |C6/C8|H6/H8| C4' H4' | /C7 | /H7 [N1/N3|H1/H3| H41 | H42 | wems |'Jco-nz|'Jor-nr| -Hems ['Dea-tz|  Hr H1') H1')
C1 88.3 | 591 | 40.7 | 214 | 2.56 |143.2| 7.84 | 88.2 | 4.11 181.9 171.7| 13.8 52 | 13.3 | 12.6
T2 | 859 | 569 | 39.0 | 224 | 2.51 |139.7| 7.53 | 86.4 | 419 | 14.5 | 1.72 |159.3|13.69 177.8 165.7 | 11.5 119 | 164 | 16.5
A3 | 849|624 | 40.2 | 275 | 290 |141.8| 8.33 | 87.5 | 4.43 |154.8| 7.60 214.21200.2 |167.2| 123 | 12.6 | 12.7 | 16.1 | 16.5
C4 | 86.1 | 551|397 | 194 | 234 |1421| 7.25 | 85.3 | 416 | 98.4 | 5.29 8.18 | 6.57 [ 179.0 165.9| 181 44 | 16.1 | 161
G5 | 845|585 | 40.6 | 2.58 | 2.70 |138.4| 7.85 | 87.3 | 4.34 146.2 | 12.50 212.7 163.4| 15.7 12.8 | 16.8 | 16.5
C6 | 862|566 |40.0 | 192|232 (1422|7.21 | 855 | 4.13 | 984 | 5.21 8.2 | 6.35 [178.0 168.2| 18.4 9.5 | 145 | 159
G7 | 842|594 |40.3 | 259 | 2.80 |137.9| 7.77 | 87.3 | 4.34 147.2 (12.97 211.7 163.1| 14.3 12.0 | 16.0 | 16.7
5C8 | 87.1 | 5.61 | 40.4 | 2.05 | 241 |155.3| 8.12 | 854 | 4.18 |191.9| 9.27 91 | 7.81 [178.2 171.1| 16.6 6.1 15.5 | 151
G9 | 84.7 | 593 | 406 | 2.59 | 2.73 |138.6| 7.88 | 87.3 | 4.34 147.0 (12.78 213.9 164.3| 13.6 93 | 16.1 | 16.1
T10 | 85.2 | 5.57 | 39.0 | 1.96 | 2.25 {1386 7.21 | 855 | 412 | 144 | 1.51 |158.5|13.66 178.0 166.8 | 11.5 78 | 16.5 | 16.1
A11 | 85.0 | 6.06 | 40.0 | 2.69 | 2.86 |141.9| 8.18 | 87.5 | 4.39 |154.3| 7.54 214.11203.0|166.1| 8.2 9.1 9.7 | 15.8 | 15.7
G12 | 84.2 | 6.01 | 424 | 2.27 | 244 |138.5| 7.71 | 87.4 | 4.17 213.0 165.1| 5.8 51 154 | 147
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DNA" d(CTA*CG*CG> CGTAG);

SH1" [YHT
C2/C5|H2/H5 "Jceics- "Dceics Dere |((hz- |(Cdhze
Nt c1' H1' c2' H2' H2" |C6/C8|H6/H8| C4' H4' /C7 | /H7 |N1/N3|H1/H3| H41 | H42 | pems |"Joorz|'Jer-rt| -Hems |'Dea-rz| wi |Hrr) H1')

12.65

C1 88.3 |1 590 | 406 | 212 | 254 |143.2| 7.83 | 88.3 | 4.10 | 994 | 5.96 182.4 171.9 5 -53 ] 13.6 | 12.8
11.72

T2 858 | 565 | 389 | 222 | 246 (139.7| 7.51 | 86.4 | 418 | 14,5 | 1.70 | 159.1| 13.66 177.6 164.5 5 156 | 13.3 | 17.1

A3 84.7 | 6.28 | 40.3 | 2.77 | 298 (141.7| 8.31 | 87.6 | 4.45 |155.0| 7.58 214.6|200.1|167.2| 13.28| 9.2 13.3 | 13.7 | 16.5
19.18

5(C4 | 86.8 | 5.57 | 40.3 | 2.01 | 2.39 |155.4| 8.14 | 85.5 | 4.22 [ 191.7| 9.23 8.97 | 7.91 |178.0 171.0 5 4.8 | 13.8 | 16.1
20.52

G5 | 845|594 | 40.7 | 262 | 2.87 |138.4| 7.77 | 87.4 | 4.35 146.4 | 12.54 2124 163.8 5 18.6 | 14.3 | 17.1

5fC6 | 87.0 | 5.64 | 40.5 | 2.02 | 2.40 |155.4| 8.11 | 85.5 | 4.18 |191.6| 9.18 9.0 | 7.79 | 176.8 168.1| 20.54 6.2 13.8 | 15.0

G7 | 845|595 | 40.7 | 266 | 2.81 |138.4| 781 | 87.4 | 4.35 146.4 | 12.56 212.7 162.0 | 19.66 13.4 - 16.5
17.61

5fC8 | 87.2 | 5.68 | 40.5 | 2.10 | 2.45 |155.4| 8.14 | 85.5 | 4.21 [191.9| 9.24 9.0 | 7.85|178.0 171.0 5 6.8 13.5 | 15.5

G9 | 84.7 | 595 | 40.8 | 265 | 2.77 |1389| 791 | 87.4 | 4.35 146.1(12.38 213.0 165.5| 16.73 104 - 15.8

T10 | 85.1 | 556 | 391 | 1.96 | 2.24 [138.6| 7.20 | 855 | 412 | 14.3 | 1.45 |158.3|13.51 176.6 165.1| 15.73 1.6 | 134 | 164

A11 | 85.0 | 6.06 | 40.0 | 2.70 | 2.87 |141.9| 8.18 | 87.6 | 4.39 | 154.3| 7.52 213.91202.1|166.9| 7.515 116 | 11.8 | 14.7 | 15.8

G12 | 84.2 | 6.00 | 424 | 225 | 2.44 |1385| 7.71 | 87.4 | 417 211.8 164.0 | 6.455 5.2 16.1 | 14.0
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Table S2: The chemical shift perturbations (CSP) that arise due to the epigenetic modifications is tabulated. The presence of the modifications in 8" position (from
DNAN®) provides the effect due to H-bonding (observed from G5) and stacking on the 5'-/3'-neighbors (G7/G9, respectively). Thus, for the 6" position modification (in
DNAN®), we see that the CSP observed for G7 is a sum of H-bonding (as it pairs with C6) and stacking in the 3'-end (due to modification in the 6" position). For instance,
the CSP of G5-N1 in DNAP is -0.8 ppm, with G7 experiencing +0.1 ppm and no change for G5. Thus, the CSP of G7-N1 in DNAF® is -0.8+0.1 = -0.7 ppm. The same
trend of such arithmetic sums of CSPs can be observed for '3C-C6/C8 and *C-C1' resonances as well for the various cytosine modifications.

Modified-Control DNA A3(ppm)
N3/N1 DNAcontrol DNAS | DNAM® | DNAM3® | DNAH® | DNA"® | DNA"® | DNAF® | DNAF® | DNAPR
T2-A11 159.3 0.0 0.0 - 0.0 0.0 - 0.0 0.0 -0.1
A3-T10 158.5 0.0 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 -0.2
C4-G9 147.0 0.0 0.0 0.0 0.0 0.0 -0.3 -0.1 0.0 -0.9
G5-C8 147.0 0.0 0.1 0.1 0.1 -0.3 -0.2 0.1 -0.8 -0.6
C6-G7 147.0 0.1 0.0 0.1 -0.2 0.0 -0.2 -0.7 0.1 -0.7
Modified-Control DNA A&(ppm)

c1' DNAcontrol DNAMS | DNAM® | DNAM3 | DNA"® | DNA"® | DNA"® | DNAF® | DNAF® | DNAP

TSP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

C1 88.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

T2 85.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.1

A3 84.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.1

C4 86.1 0.0 0.0 -0.2 0.0 0.0 0.0 -0.1 0.0 0.7

G5 84.5 0.1 0.0 0.3 0.1 -0.1 0.2 -0.1 0.0 0.0

C6 86.3 -0.2 0.0 -0.1 -0.1 0.0 0.0 0.8 0.0 0.7

G7 84.4 0.0 0.2 0.3 0.1 0.1 0.3 0.1 -0.2 0.1

C8 86.3 0.1 -0.2 -0.1 0.0 -0.1 0.0 0.1 0.9 0.9

G9 84.6 0.0 0.1 0.0 0.0 0.2 0.2 0.0 0.1 0.2

T10 85.2 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0

A11 85.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

G12 84.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Modified-Control DNA A3(ppm)

C6/C8 | DNAcentrel | DNAMS | DNAM8 | DNAM® | DNAY® | DNAH8 | DNAM® | DNAFé | DNAF® | DNAR
C1 143.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
T2 139.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A3 141.8 0.0 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 -0.1
C4 142.1 0.0 -0.1 -3.2 0.0 -0.1 -1.6 0.0 0.0 13.2
G5 138.1 0.0 0.0 0.0 -0.1 0.1 0.1 -0.3 0.3 0.3
C6 142.2 -3.4 0.0 -3.3 -1.7 0.1 -1.6 13.1 0.0 13.2
G7 138.1 0.0 0.0 0.0 0.2 -0.1 0.1 0.5 -0.2 0.2
C8 142.2 0.0 -3.3 -3.3 0.0 -1.7 -1.6 0.0 13.1 13.2
G9 138.4 0.0 -0.1 -0.1 0.0 0.1 0.2 0.0 0.2 0.5
T10 138.5 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.1 0.1

A11 141.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
G12 138.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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4. C/'N chemical shift and 'Jc perturbations for all the nucleotides across samples
(DNAM) compared to DNA¢ontro!
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Figure S3: Chemical shift differences of DNAY compared to DNA®"™ | eft panel: changes to sugar 3C-C1'
chemical shifts magnitudes (A& C1', in ppm). Middle panel: changes to aromatic '3C-C6/C8 chemical shifts
magnitudes (A5 C6/C8, in ppm); Right panel: changes to imino '>N-N1/N3 chemical shifts magnitudes (A3 N1/N3,
in ppm) for all nucleotide positions from 1-12 upon cytosine modification across DNAN* samples. With DNAM&/M&/M3
(in green), DNAMSH8HS (in plue), and DNAFEF8/F3 (in red) showing significant changes relative to DNA®N!,
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Figure S4: Changes to one-bond 3C-'"H C6/C8-H6/H8 heteronuclear scalar coupling magnitudes (A'Jcs/cs-HerHs, i
Hz) for all nucleotide positions 1-12 upon cytosine modification across DNAN* samples. Measurement uncertainty
(2 Hz) is marked with dotted lines, with DNAM&MEMS (in green, upper panel), DNAHSH8HS (in blue, middle panel),

and DNAF®F8F3 (in red, lower panel) showing significant changes relative to DNA®"!,
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5. Statistics of structure refinement constraints

DNAcentol DNAMS | DNAME | DNAM3 | DNAH® | DNAH8 | DNAH3 | DNAFS | DNAFE | DNAF3
Dihedral restraints 116 116 116 116 116 116 116 116 116 116
H-bond restraints 72 72 72 72 72 72 72 72 72 72
Base-pair planarity
restraints 26 26 26 26 26 26 26 26 26 26
NOE restraints 324 276 288 262 286 289 292 282 282 288
RDC restraints 44 44 44 44 44 44 44 44 44 44
-20.0, | -20.0, | -20.0, | -20.0, | -20.0, | -20.0, | -20.0, | -20.0, | -20.0, | -20.0,
Da, R 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26
Dihedral angle
violations (>6°) 0 0 0 0 0 0 0 0 0 0
NOE violations (>0.5
A) 0 0 0 0 0 0 0 0 0 0
181+ | 155+ | 1.09+ | 121+ | 146+ | 154+ |122+ 175+ | 133+ | 175+
RDC RMSD (Hz) 0.07 0.08 0.01 0.01 0.00 0.03 0.11 0.03 0.13 0.01

Table S3: Statistics on the structure refinement of DNA®"™ and DNAN systems.
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6. Cartoon model comparison of DNAc°"t©! agnd DNAN#

DNAcontroI
Black color

DNAM/HIF
Cyan color

Tosmea Nt DNAKe DNAM: DNAM

(RMSD 0.95)  (RMSD 0.74)  (RMSD 0.51)

DNAM® DNA"8 DNAH3
(RMSD 0.66)  (RMSD 0.77)

%/
DNAF3
(RMSD 1.65)  (RMSD 1.01)  (RMSD 1.30)

Figure S5: Aligned structures of DNAN* with respect to DNA®"™ only heavy atoms of nucleotides 3-10 and 15-22
were aligned using pymol, root mean square deviation (RMSD) calculated for aligned structures for all heavy atoms
of 3-10, 15-22 were provided for each overlaid structures. DNA®"™! js shown in grey and DNAN* shown as cyan,
with modification sites being represented in specific colors, °™C (green), 5"™C (blue), and 5'C (red)
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Figure S6: Correlation of ¢-C values to the sugar pucker (P) for DNA®"™ and DNAN#. Backbone conformation
defined by ¢-¢ <0 for Bl and ¢-C >0 for BIl. Here C4, C6, C8 nucleotides sample Bl conformation canonical to B-

DNA
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Table S4: Structural parameters for Xplor-NIH refined structures of DNA®" and DNAV#, Average (Avg) and standard deviation (std) are for ensemble of 5 structures

Tip (°)

Base Steps DNAcentrol DNAMS DNAMS DNAM:3 DNAHé DNAH8 DNAM3 DNAF® DNAF8 DNAF3

Avg Std Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg Std
01CT/11AG -0.32 049 | -474 {044 | 059 |0.17 | -1.31 | 215 | -343 | 0.28 | 046 |1.08 | -7.33 | 1.32 | -1.56 | 2.71 | -0.57 | 0.83 | -4.53 | 1.87
02TA/M10TA 1.91 0.48 29 |032)|-041| 01 | 461 |0.18| 0.85 | 0.09| -0.67 | 023 | 047 | 04 | -1.69 | 1.04| -1.7 | 057 | 947 | 0.42
03AC/09GT -1.26 153 | 216 | 1.06 | -0.01 | 0.35| -252 | 019 | 797 | 01 | 1.35 | 049 | 243 | 041 | 039 | 43 | -0.12 | 246 | -1.28 | 0.18
04CG/08CG -6.36 0.12 | -6.96 | 0.12| -591 | 0.21 | -6.65 | 0.11 | -6.82 | 0.09 | -597 | 0.19 | -1.66 | 451 | 53 | 164 | 6.88 | 6.2 | -291 | 0.17
05GC/07GC -0.57 0.86 | 886 (052| 288 |0.08| 3.1 |016| 199 [017| 192 |019| 28 |1.19| 233 | 0.63| -0.46 | 1.19 | 3.11 0.13
06CG/06CG -0.05 0.01 0 0.02 | -0.04 | 0.02 | -0.04 | 0.02 | -0.02 | 0.01 | -0.06 | 0.01 | -0.03 | 0.01| 1.3 |1.81| -0.03 |2.12 | 0.34 | 0.01
07GC/05GC 0.21 086 | -9.2 (054 | -3.28 | 0.06 | -3.53 | 0.16 | -2.41 | 0.18 | -2.28 | 0.19 | -3.12 | 119 | -245 | 0.31 | 0.05 | 1.33 | -1.78 | 0.13
08CG/04CG 6.28 0.11 | 6.27 {0.12| 579 |0.21| 656 | 0.1 | 6.73 | 0.09| 581 |0.19 | 145 | 449 | -491 | 223 | -6.98 | 6.25 | 3.68 | 0.18
09GT/03AC 1.3 152 | -1.37 | 1.02| 0.09 | 035| 262 |0.19| -7.89 | 01 | -1.22 | 048 | -2.34 | 041 | -3.95 | 0.66 | 0.19 | 264 | 0.1 0.19
10TA/02TA -2.15 048 | -3.16 [ 0.31| 0.2 01| -484 019 -1.09 | 01 | 043 022 | -065| 04 | -0.17 | 1.23| 149 | 053 | -8.3 0.4
11AG/01CT 0.29 048 | 468 [ 044 | -065 |0.17 | 1.23 | 214 | 3.37 | 0.27 | -0.53 | 1.07 | 7.25 | 1.32 | 245 | 1.87 | 0.49 1 4.54 1.9
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X-displacement (A)

Base Steps DNAcentrol DNAMS DNAM? DNAM:3 DNAHé DNAH8 DNAHM3 DNAF® DNAF8 DNAF3
Avg Std Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg Std
01CT/11AG -2.76 0.06 | -2.79 [ 0.16 | -2.29 | 0.05 | -1.67 | 0.22 | -244 | 0.04 | -2.06 | 0.13 | -1.85 | 0.28 | -1.23 | 0.51 | -1.88 | 0.31 | -2.23 | 0.14
02TA/M10TA -1.59 023 | -1.18 [ 0.16 | -0.88 | 0.04 | -0.95 | 0.07 | -1.49 | 0.03 | -1.69 | 0.15 | -0.85 | 0.04 | -2.24 | 0.47 | -0.89 | 0.36 | -0.54 | 0.04
03AC/09GT -2.64 046 | -252 (045 | -2.44 | 0.05| -2.78 | 0.06 | -1.95 | 0.03 | -2.82 | 0.20 | -2.30 | 0.93 | 0.43 | 0.19 | -0.28 | 0.75 | -2.92 | 0.04
04CG/08CG 1.28 0.18 | 0.79 (0.13| 0.79 | 0.02| 122 | 0.02| 1.60 [0.02| 058 |0.03| 0.32 |0.19| 0.58 |0.55| 0.32 | 0.29 | -0.23 | 0.05
05GC/07GC 1.30 0.08 | 1.21 {0.12| 060 | 0.04 | 0.03 | 0.02 | 0.47 | 0.02| 1.05 |0.05| 063 |0.15| 1.03 | 0.18 | 0.56 | 0.37 | -0.43 | 0.08
06CG/06CG -0.57 0.12 | 158 [ 0.36| 0.70 | 0.04 | 0.34 | 0.04 | -0.03 | 0.03 | -0.56 | 0.05 | 1.04 | 0.37 | 0.72 | 0.14 | 0.70 | 0.17 | -1.01 | 0.06
07GC/05GC 1.30 0.08 | 1.23 {0.11| 060 | 0.04 | 0.03 | 0.03| 0.46 | 0.02| 1.04 |0.05| 062 |0.15| 1.03 | 0.17| 0.46 | 0.23 | -0.29 | 0.08
08CG/04CG 1.28 0.19 | 0.71 {012 | 0.78 | 0.02| 122 | 0.03| 159 [0.02| 058 |0.03| 0.32 |0.19| 0.57 | 054 | 044 | 0.12 | -0.29 | 0.05
09GT/03AC -2.64 046 | -245 (046 | -2.42 | 0.05| -2.78 | 0.06 | -1.94 | 0.03 | -2.82 | 0.20 | -2.30 | 0.94 | 0.44 | 0.17 | -0.33 | 0.83 | -2.72 | 0.05
10TA/02TA -1.59 023 | -1.19 [ 0.16 | -0.88 | 0.04 | -0.96 | 0.07 | -1.49 | 0.03 | -1.69 | 0.14 | -0.86 | 0.04 | -2.24 | 0.48 | -0.81 | 0.48 | -0.59 | 0.04
11AG/01CT -2.77 0.06 | -2.79 [ 0.16 | -2.29 | 0.05 | -1.67 | 0.22 | -245 | 0.03 | -2.07 | 0.14 | -1.86 | 0.28 | -1.23 | 0.51 | -2.01 | 0.21 | -2.22 | 0.13
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Y-displacement (A)

Base Steps DNAcentrol DNAMS DNAM? DNAM:3 DNAHé DNAH8 DNAHM3 DNAF® DNAF8 DNAF3
Avg Std Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg Std
01CT/11AG 0.80 0.08 | 1.17 {0.05| 0.71 | 0.03| 093 | 0.27 | 0.99 | 0.04| 0.79 |0.18 | 153 | 017 | 1.04 | 0.14| 096 | 032 | 1.14 | 0.28
02TA/M10TA -0.05 0.04 | -0.10 { 0.03 | 0.15 | 0.01 | -0.49 | 0.03 | 0.09 | 0.02 | 0.02 | 0.06 | -0.07 | 0.05 | 0.12 | 0.17 | 0.34 | 0.09 | -0.75 | 0.04
03AC/09GT 0.56 0.26 | 0.04 | 0.07| -0.01 |0.02 | 0.15 | 0.08 | -0.37 | 0.01 | -0.18 | 0.10 | -0.17 | 0.21 | 0.31 | 0.52 | 0.37 | 0.23 | -0.08 | 0.04
04CG/08CG 0.69 0.05 | 0.75 [ 0.04| 0.74 | 0.01| 0.75 | 002 | 0.79 | 0.01| 0.86 |0.02| 048 | 0.31| 0.01 | 0.59| -0.17 | 0.05 | 0.08 | 0.01
05GC/07GC -0.50 0.20 | -1.45 | 0.09| 0.07 | 0.02 | -0.29 | 0.02 | -049 | 0.02| 0.18 | 0.04 | 0.41 | 0.11| -0.10 | 0.15| 0.14 | 0.26 | -0.26 | 0.07
06CG/06CG -0.01 0.00 | -0.02 | 0.01 | -0.01 | 0.00 | -0.01 | 0.01 | -0.01 | 0.00 | -0.01 | 0.00 | -0.01 | 0.00 | -0.01 | 0.22 | -0.14 | 0.18 | 0.02 | 0.00
07GC/05GC 0.51 0.20 | 145 [ 0.09| -0.05 | 0.02 | 0.30 | 0.02| 0.51 | 0.02| -0.17 | 0.04 | -0.40 | 0.11 | 0.12 | 0.12| -0.16 | 0.32 | 0.17 | 0.07
08CG/04CG -0.70 0.05 | -0.69 | 0.04 | -0.74 | 0.01 | -0.76 | 0.02 | -0.79 | 0.01 | -0.86 | 0.02 | -0.47 | 0.31 | -0.01 | 0.59 | 0.11 | 0.14 | -0.08 | 0.01
09GT/03AC -0.58 0.26 | -0.14 { 0.08 | -0.02 | 0.03 | -0.17 | 0.08 | 0.35 | 0.01| 0.15 | 0.10 | 0.15 | 0.21 | -0.32 | 0.52 | -0.03 | 0.70 | 0.23 | 0.04
10TA/02TA 0.05 0.04 | 0.11 [ 0.03| -0.15 | 0.01 | 0.50 | 0.04 | -0.09 | 0.02 | -0.02 | 0.05 | 0.08 | 0.05| -0.12 | 0.17 | -0.24 | 0.07 | 0.68 | 0.03
11AG/01CT -0.82 0.08 | -1.18 [ 0.05| -0.72 | 0.03 | -0.94 | 0.26 | -1.00 | 0.04 | -0.80 | 0.18 | -1.54 | 0.17 | -1.05 | 0.15| -1.09 | 0.21 | -1.10 | 0.29
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Helical Rise (A)

Base Steps DNAcentrol DNAMS DNAM? DNAM:3 DNAHé DNAH8 DNAHM3 DNAF® DNAF8 DNAF3
Avg Std Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg Std
01CT/11AG 3.14 0.01 | 3.15 [ 0.04 | 3.23 |0.02| 3.22 | 0.02| 295 | 0.08| 3.21 |0.01| 3.15 | 0.07 | 3.20 | 0.06 | 3.38 | 0.08 | 3.17 | 0.06
02TA/M10TA 3.35 0.12 | 3.34 {0.03| 348 |0.08| 3.62 | 0.02| 340 [ 0.05| 346 |0.02| 3.23 | 0.10| 3.20 | 0.01| 2.85 | 0.18 | 3.50 | 0.06
03AC/09GT 3.55 0.02 | 3.77 {0.02| 363 |0.05| 3.70 | 0.02 | 3.27 | 0.14| 3.71 | 0.01| 3.49 | 0.02 | 3.42 | 0.03| 3.15 | 0.36 | 3.20 | 0.17
04CG/08CG 3.30 0.03 | 3.23 [0.02| 348 |0.02| 3.52 | 0.01| 323 [0.03| 3.26 |0.02| 3.22 |0.02| 3.20 |0.02| 3.33 |0.06 | 3.53 | 0.19
05GC/07GC 3.36 0.02 | 346 [0.01| 3.71 |0.06 | 3.72 | 0.02| 349 (0.19| 3.67 |0.01| 3.20 | 0.01| 3.69 |0.02| 343 |0.17 | 3.42 | 0.05
06CG/06CG 3.83 0.03 | 3.71 {0.01| 469 |0.12| 3.84 | 0.02| 3.30 | 0.06 | 3.73 | 0.01| 419 | 0.02 | 3.45 | 0.02| 3.20 | 0.07 | 3.13 | 0.17
07GC/05GC 3.36 0.02 | 346 [0.01| 3.71 |0.06 | 3.71 | 0.02| 349 |0.19| 3.66 | 0.01| 3.20 | 0.01| 3.72 | 0.02 | 342 | 0.17 | 3.56 | 0.24
08CG/04CG 3.30 0.03 | 324 {0.02| 351 |0.02| 3.53 | 0.01| 3.23 | 0.03| 3.26 | 0.01| 3.23 | 0.01| 3.19 | 0.01| 3.34 | 0.06 | 3.38 | 0.02
09GT/03AC 3.55 0.02 | 3.77 {0.02| 362 |0.04 | 3.70 | 0.02 | 3.27 | 0.15| 3.71 | 0.01| 3.49 | 0.03 | 3.46 | 0.03| 3.14 | 0.36 | 3.26 | 0.26
10TA/02TA 3.34 0.12 | 3.33 [ 0.02| 347 |0.08| 3.61 | 0.01| 3.39 [0.05| 345 |0.02| 3.23 |0.10| 3.20 | 0.01| 2.84 | 0.19| 3.49 | 0.05
11AG/01CT 3.14 0.01 | 3.15 [ 0.04 | 322 |0.02| 3.22 | 002 | 295 | 0.09| 3.21 |0.01| 3.16 | 0.07 | 3.23 | 0.05| 3.38 | 0.08 | 3.17 | 0.07
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Helical Twist (°)

Base Steps DNAcentrol DNAMS DNAM? DNAM:3 DNAHé DNAH8 DNAHM3 DNAF® DNAF8 DNAF3
Avg Std Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg Std
01CT/11AG 32.8 0.2 339 | 02| 322 |01 323 |06 |333|02)|328)|13|319 | 06| 319 | 05| 334 | 19 | 344 2.8
02TA/M10TA 36.3 0.5 351 | 05| 371 |02 | 346 | 02| 360 | 01| 35|04 | 381 | 03| 391 |07 | 354 | 14 | 357 0.4
03AC/09GT 30.8 0.3 304 | 01 | 304 | 01| 307 | 01| 303 |01)|310)|03]|320 ]| 12| 33| 05| 343 | 19 | 289 0.1
04CG/08CG 36.8 0.6 352 | 06 | 341 | 02 | 388 | 0.1 | 374 | 0.2 | 356 | 0.2 | 369 | 24 | 440 | 25 | 38.2 | 3.0 | 399 0.1
05GC/07GC 39.0 0.1 372 | 05| 370 | 01| 356 | 01| 376 |01]| 381 |02 ]| 397 |16 | 392 | 16 | 385 | 12 | 312 0.2
06CG/06CG 36.3 0.2 350 |12 | 35|03 |389|03]|31|02)| 31|04 |379 )| 03| 374 | 0.7 | 388 | 02| 393 0.1
07GC/05GC 39.0 0.1 372 | 05| 370 | 02 | 356 | 01| 375 |01 | 380 )| 02| 396 | 16| 392 |16 | 383 | 1.3 | 313 0.2
08CG/04CG 36.8 0.6 350 | 05 | 341 | 02| 388 | 01| 374 | 01| 36| 02| 369 |24 | 440 | 26 | 381 | 3.1 | 40.2 0.1
09GT/03AC 30.8 0.3 304 | 01 | 304 | 01| 307 | 01| 303 |01)| 30|04 | 320 | 12| 353 | 06 | 341 | 22 | 288 0.1
10TA/02TA 36.3 0.5 351 | 05| 370 | 02| 346 | 02| 361 | 01| 35|04 | 381 | 03| 391 |07 | 353 | 1.3 | 356 0.4
11AG/01CT 32.7 0.2 339 | 02 | 322 |02 |322)|06|333|02)|327 |13 | 318 | 06| 319 | 05 | 337 | 1.8 | 345 2.8
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Inclination (°)

Base Steps DNAcentrol DNAMS DNAM? DNAM:3 DNAHé DNAH8 DNAHM3 DNAF® DNAF8 DNAF3
Avg Std Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg Std
01CT/11AG 25.2 0.2 305 |14 | 178 | 05 | 138 | 19 | 250 | 04 | 145 | 3.0 8.0 | 2.7 7.0 38 | 226 | 42 | 284 1.8
02TA/M10TA 17.7 4.7 15.8 | 3.3 9.5 0.2 8.8 14 | 204 | 01 | 156 | 3.2 | 4.2 14 | 292 | 26 | 130 | 49 | 116 0.8
03AC/09GT 10.4 4.1 1.9 | 39 | 105 | 0.2 9.2 0.5 53 0.1 | 104 | 24 6.9 76 | -166 | 7.7 | 16 | 5.7 6.9 0.4
04CG/08CG -1.3 0.8 4.5 1.1 25 01| 41|02 | 63 | 03 0.9 0.3 10 | 41 | -30 | 55 1.1 78 | 113 0.5
05GC/07GC -2.9 0.3 0.2 04 | 43 02 | 4.8 0.2 3.8 02| 26 | 02| -03 | 59 |-140| 20 | 81 | 09 | 165 | 04
06CG/06CG 13.5 0.9 33 | 14 | 41 0.1 25 0.4 5.8 02 | 136 | 08 | 40 | 04 | -04 | 20 | 69 | 14 | 169 0.2
07GC/05GC -2.8 0.3 0.0 04 | 44 02 | 49 0.2 3.9 02| 25 | 02| -02 |59)|-139| 20| 82 | 07 |-176 | 04
08CG/04CG -1.2 0.8 54 1.0 27 01| -39 |02 61| 03 1.0 0.3 10 | 41 | -28 | 55| 13 | 42 | 116 0.5
09GT/03AC 10.4 4.2 1.5 | 40 | 104 | 0.2 9.2 0.6 5.2 02 | 104 | 24 6.9 77 | -16.8 | 76 | 24 | 4.8 5.2 0.4
10TA/02TA 17.7 4.7 15.8 | 3.3 9.6 0.2 8.8 15 | 204 | 01 | 156 | 3.2 | 4.2 1.5 | 292 | 24 | 128 | 54 | 124 0.8
11AG/01CT 25.2 0.2 305 |15 | 178 | 05 | 138 | 19 | 250 | 04 | 145 | 3.0 8.0 | 2.7 7.0 3.8 | 243 | 3.0 | 28.1 1.8
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Shear (A)

Base Pair DNAcentrol DNAMS DNAM? DNAM:3 DNAHé DNAH8 DNAHM3 DNAF® DNAF8 DNAF3
Avg Std Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg Std
01C-12G 0.11 0.01 | 0.09 {0.00| 0.09 |0.00| 0.08 | 0.01| 0.08 |0.01| 0.10 |0.00| 0.09 | 0.01 | 0.04 | 0.01| 0.08 | 0.00| 0.09 | 0.01
02T-11A -0.03 0.01 | -0.06 | 0.01 | -0.05 | 0.01 | -0.05 | 0.01 | -0.04 | 0.00 | -0.05 | 0.01 | -0.02 | 0.01 | -0.04 | 0.01 | -0.03 | 0.01 | -0.03 | 0.00
03A-10T -0.01 0.03 | -0.01 { 0.02| 0.02 | 0.01| 0.03 | 0.00 | -0.06 | 0.00 | -0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01] -0.03 | 0.01 | 0.00 | 0.00
04C-09G 0.02 0.01 | 0.04 {0.01| 0.08 |0.00| 0.08 | 0.00| 0.05 |0.00| 0.09 |0.01| 0.07 |0.01| 0.12 | 0.04| 0.13 | 0.01| 0.10 | 0.01
05G-08C -0.06 0.00 | -0.03 | 0.01 | -0.05 | 0.00 | -0.11 | 0.01 | -0.10 | 0.01 | -0.05 | 0.00 | -0.06 | 0.01 | -0.07 | 0.04 | -0.10 | 0.02 | -0.05 | 0.01
06C-07G 0.08 0.00 | 0.07 {0.01| 0.08 |0.00| 0.11 | 0.00 | 0.07 |0.00| 0.10 |0.00 | 0.07 | 0.01| 0.11 | 0.02| 0.07 | 0.01| 0.08 | 0.00
07G-06C -0.09 0.01 | -0.07 | 0.01 | -0.09 | 0.01 | -0.11 | 0.00 | -0.08 | 0.01 | -0.11 | 0.00 | -0.08 | 0.01 | -0.12 | 0.02 | -0.06 | 0.01 | -0.07 | 0.00
08C-05G 0.06 0.00 | 0.03 {0.01| 0.05 |0.01| 0.10 | 0.01| 0.09 | 0.00| 0.05 |0.00| 0.06 | 0.01| 0.07 | 0.04| 0.09 | 0.01| 0.05 | 0.00
09G-04C -0.02 0.01 | -0.05 | 0.01 | -0.08 | 0.01 | -0.08 | 0.00 | -0.05 | 0.00 | -0.09 | 0.01 | -0.07 | 0.01 | -0.13 | 0.03 | -0.11 | 0.02 | -0.08 | 0.01
10T-03A 0.01 0.03 | 0.01 {0.02| -0.02 | 0.01 | -0.03 | 0.00 | 0.06 | 0.00| 0.01 |0.01]| -0.01 | 0.01| -0.02 | 0.01| 0.03 | 0.00 | 0.01 0.00
11A-02T 0.04 0.01 | 0.06 [ 0.00| 0.05 |0.01| 0.05 | 0.01| 0.04 | 0.00| 0.05 |0.00| 0.02 | 0.01| 0.04 | 0.01| 0.03 | 0.01| 0.03 | 0.00
12G-01C -0.10 0.01 | -0.08 | 0.00 | -0.09 | 0.01 | -0.07 | 0.01 | -0.08 | 0.00 | -0.09 | 0.01 | -0.09 | 0.01 | -0.04 | 0.01 | -0.08 | 0.01 | -0.09 | 0.00
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Stretch (A)

Base Pair DNAcentrol DNAMS DNAM? DNAM:3 DNAHé DNAH8 DNAHM3 DNAF® DNAF8 DNAF3
Avg Std Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg Std
01C-12G -0.20 0.01 | -0.16 | 0.00 | -0.20 | 0.00 | -0.16 | 0.01 | -0.17 | 0.00 | -0.19 | 0.01 | -0.18 | 0.01 | -0.17 | 0.00 | -0.17 | 0.00 | -0.17 | 0.00
02T-11A -0.08 0.01 | -0.08 | 0.00 | -0.09 | 0.00 | -0.08 | 0.00 | -0.08 | 0.00 | -0.10 | 0.00 | -0.12 | 0.01 | -0.18 | 0.03 | -0.10 | 0.01 | -0.10 | 0.00
03A-10T -0.13 0.01 | -0.12 { 0.01 | -0.12 | 0.00 | -0.11 | 0.01 | -0.15 | 0.01 | -0.12 | 0.01 | -0.12 | 0.01 | -0.11 | 0.01 | -0.14 | 0.01 | -0.13 | 0.01
04C-09G -0.20 0.00 | -0.20 | 0.00 | -0.18 | 0.00 | -0.18 | 0.00 | -0.18 | 0.00 | -0.19 | 0.00 | -0.18 | 0.00 | -0.22 | 0.04 | -0.18 | 0.00 | -0.18 | 0.00
05G-08C -0.18 0.00 | -0.18 { 0.01 | -0.17 | 0.00 | -0.19 | 0.00 | -0.18 | 0.00 | -0.17 | 0.01 | -0.18 | 0.02 | -0.24 | 0.03 | -0.22 | 0.00 | -0.21 | 0.01
06C-07G -0.18 0.00 | -0.26 | 0.01 | -0.19 | 0.00 | -0.20 | 0.00 | -0.19 | 0.00 | -0.19 | 0.00 | -0.21 | 0.04 | -0.26 | 0.02 | -0.23 | 0.03 | -0.17 | 0.00
07G-06C -0.18 0.00 | -0.26 | 0.01 | -0.19 | 0.00 | -0.20 | 0.00 | -0.19 | 0.00 | -0.19 | 0.00 | -0.21 | 0.04 | -0.26 | 0.02 | -0.24 | 0.01 | -0.17 | 0.00
08C-05G -0.18 0.00 | -0.19 | 0.00 | -0.17 | 0.00 | -0.19 | 0.00 | -0.18 | 0.00 | -0.18 | 0.01 | -0.18 | 0.02 | -0.24 | 0.02 | -0.22 | 0.01 | -0.21 | 0.01
09G-04C -0.20 0.00 | -0.20 | 0.00 | -0.18 | 0.00 | -0.19 | 0.01 | -0.18 | 0.00 | -0.19 | 0.00 | -0.18 | 0.01 | -0.22 | 0.04 | -0.18 | 0.01 | -0.18 | 0.00
10T-03A -0.13 0.01 | -0.12 { 0.01 | -0.12 | 0.00 | -0.11 | 0.00 | -0.14 | 0.00 | -0.12 | 0.01 | -0.12 | 0.01 | -0.10 | 0.01 | -0.14 | 0.01 | -0.14 | 0.01
11A-02T -0.08 0.01 | -0.08 | 0.00 | -0.09 | 0.00 | -0.08 | 0.00 | -0.08 | 0.00 | -0.10 | 0.00 | -0.12 | 0.01 | -0.18 | 0.03 | -0.10 | 0.02 | -0.10 | 0.00
12G-01C -0.20 0.01 | -0.16 | 0.00 | -0.20 | 0.00 | -0.17 | 0.01 | -0.17 | 0.00 | -0.19 | 0.01 | -0.18 | 0.01 | -0.17 | 0.00 | -0.17 | 0.00 | -0.17 | 0.00
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Stagger (A)

Base Pair DNAcentrol DNAMS DNAM? DNAM:3 DNAHé DNAH8 DNAHM3 DNAF® DNAF8 DNAF3
Avg Std Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg Std
01C-12G -0.19 0.02 | 0.18 [ 0.03 | -0.14 | 0.01 | 0.04 | 0.09 | 0.06 | 0.01]| -0.11 | 0.02 | -0.03 | 0.06 | -0.13 | 0.01 | 0.01 | 0.04 | 0.05 | 0.02
02T-11A 0.13 0.10 | 0.06 [ 0.08 | 0.25 |0.01| 0.12 | 0.03 | 0.01 {0.01| 0.26 |0.01| 0.16 | 0.03 | 0.32 | 0.09 | 0.09 | 0.07 | -0.13 | 0.05
03A-10T 0.12 0.09 | 0.07 {0.04| 0.18 | 0.01| 0.23 | 0.02 | -0.16 | 0.01 | 0.12 | 0.03 | 0.06 | 0.08 | 0.06 | 0.09 | -0.10 | 0.06 | 0.25 | 0.01
04C-09G 0.44 0.04 | 0.36 {0.04| 026 |0.03| 0.24 | 0.01| 0.44 | 0.01| 036 |0.02| 0.25 |0.19| 0.12 | 0.14| -0.16 | 0.13 | 0.14 | 0.01
05G-08C -0.11 0.02 | -0.29 | 0.04 | -0.13 | 0.01 | -0.09 | 0.01 | -0.02 | 0.01 | -0.06 | 0.01 | 0.11 | 0.19 | 0.51 | 0.23 | 0.29 | 0.18 | 0.09 | 0.01
06C-07G 0.06 0.02 | 0.63 [ 0.04| 0.17 | 0.00 | 0.19 | 0.01 | 0.24 | 0.01| -0.01 | 0.01| 0.29 | 0.13 | 0.43 | 0.13 | 0.40 | 0.20 | 0.20 | 0.01
07G-06C 0.06 0.02 | 0.64 [ 0.04| 0.18 | 0.01| 0.19 | 0.01| 0.25 | 0.01| -0.01 | 0.02 | 0.30 | 0.13 | 0.43 | 0.15| 0.54 | 0.02 | 0.18 | 0.01
08C-05G -0.12 0.02 | -0.31 { 0.04 | -0.14 | 0.01 | -0.10 | 0.01 | -0.03 | 0.01 | -0.07 | 0.01 | 0.10 | 0.18 | 0.51 | 0.23 | 0.43 | 0.03 | 0.13 | 0.01
09G-04C 0.43 0.05 | 0.32 {0.04| 025 |0.03| 0.23 | 0.01| 0.43 | 0.01| 035 |0.02| 0.24 | 0.18| 0.11 | 0.15| 0.05 | 0.16 | 0.16 | 0.01
10T-03A 0.13 0.08 | 0.08 [ 0.04| 0.19 |0.01| 0.23 | 0.02 | -0.15 | 0.01 | 0.12 | 0.03 | 0.06 | 0.08 | 0.07 | 0.08 | -0.11 | 0.04 | 0.21 0.01
11A-02T 0.13 0.09 | 0.06 [ 0.08| 0.25 |0.01| 0.12 | 0.03| 0.01 {0.01| 0.26 |0.01| 0.16 | 0.03 | 0.32 | 0.09 | 0.03 | 0.02 | -0.11 | 0.05
12G-01C -0.18 0.02 | 0.18 [ 0.03| -0.13 | 0.02 | 0.05 | 0.08 | 0.06 | 0.01| -0.11 | 0.01 | -0.03 | 0.06 | -0.13 | 0.01 | 0.01 | 0.03 | 0.04 | 0.02

30



Buckle (°)

Base Pair DNAcentrol DNAMS DNAM? DNAM:3 DNAHé DNAH8 DNAHM3 DNAF® DNAF8 DNAF3
Avg Std Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg Std
01C-12G -9.0 o4 |-111| 01 |-109| 05| -119| 22 |-107| 06 | -80 | 08 | -58 | 1.7 | 09 | 1.2 | -6.7 | 0.7 | -9.9 0.4
02T-11A -3.7 0.3 -77 | 05| 56 | 01| 50 | 03 | -51 | 00| 49 | 03 | 04 | 26 3.0 1.0 1.2 02 | 4.2 0.1
03A-10T -1.5 0.3 -3.8 | 0.3 | 48 | 01 1.9 01| -37 |01 | 26 | 03 | -3.8 | 3.1 5.0 16 | -07 | 1.2 6.5 0.2
04C-09G -11.5 0.5 97 | 07| 95 |02 )| 84 |01 |-120| 01| 96 | 02 | 50 | 82 | 133 | 7.0 8.3 36 | -58 0.2
05G-08C -0.8 0.5 -0.7 | 0.7 | -04 | 01 3.0 0.1 1.6 0.1 0.7 0.2 0.9 3.1 4.7 3.7 26 1.7 7.6 0.2
06C-07G 3.7 0.2 4.3 0.3 0.6 0.1 3.0 0.1 1.1 0.1 8.2 02| 10 | 23| -07 | 13| 10 | 23 | 1.0 0.1
07G-06C -4.1 0.2 47 03| 11001} 35|01 | -15 | 01| -87 | 0.2 05 | 23 0.3 1.4 28 0.9 2.0 0.1
08C-05G 0.6 0.5 0.6 0.7 0.2 01| -32 |01 -18 01| -10 02| 13 |31 | 49 | 37| -39 | 04 | -74 0.2
09G-04C 11.3 0.4 8.8 0.7 9.3 0.2 8.2 0.1 | 11.8 | 01 9.4 02 | 47 82 | -135| 70 | 59 | 73 6.6 0.3
10T-03A 1.2 0.3 3.5 0.3 | 46 01| -22 | 01 34 0.1 24 0.3 3.6 31| -52 | 16 0.9 1.8 | -5.7 0.2
11A-02T 3.7 0.3 7.6 0.5 5.6 0.1 5.0 0.3 5.1 0.1 4.8 0.3 03 | 26 | -3.1 1.0 0.1 20| 49 0.1
12G-01C 8.9 0.4 1.0 | 01 | 108 | 05 | 11.7 | 22 | 105 | 0.6 7.9 0.8 5.7 1.7 0.7 1.2 6.5 0.8 | 10.2 0.5




Propeller (°)

Base Pair DNAcentrol DNAMS DNAM? DNAM:3 DNAHé DNAH8 DNAHM3 DNAF® DNAF8 DNAF3
Avg Std Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg Std
01C-12G -12.5 0.8 -19 |1 09 |-139, 04| 67 | 03| -82 | 04 |-117| 22 |-104| 26 | -55 | 11| -57 | 24 | -79 1.8
02T-11A -5.8 0.8 63 | 06| 50 | 03| 84 |06 | 60 | 03| -84 |11 |-162| 10 | -248 | 3.7 | -94 | 24 | -116 | 0.9
03A-10T -14.8 52 | -121| 42 | -105| 04 | -78 | 05 | -209| 03 | 128 | 27 | -118 | 26 | 9.0 | 43 | 187 | 16 | -174 | 05
04C-09G -14.9 07 |-141),03|-110| 04 | -103| 04 | 102 | 03 | -113 | 03 | -10.3 | 1.8 | -25.7 | 48 | -16.5 | 3.3 | -11.1 0.2
05G-08C -9.0 0.5 -48 | 10| 55 | 03 |-154| 03 |-102| 03| 97 | 02 | 94 | 42 |-188 | 19 | -187 | 0.8 | -196 | 04
06C-07G -12.1 0.8 4.6 07| 98 | 04 |-142| 04| -82 | 02 |-139| 02 | -134 | 53 |-235| 15 | -185| 1.3 | -23 0.8
07G-06C -12.3 0.8 4.5 07 |-100| 04 | 144 | 04 | -84 | 02 | -141| 02 | 136 | 53 | -23.7 | 14 | 175 | 2.7 | -21 0.8
08C-05G -8.7 0.6 -4.1 10| -51 | 03 |-151 |03 | 98 | 03 | 94 | 02| 90 | 42 | -185| 21 | 161 | 23 | -203 | 04
09G-04C -14.9 07 |-146| 03 |-110| 04 | -103| 04 | 102 | 02 | 114 | 03 | -104 | 1.9 | -2568 | 4.7 | 158 | 43 | -124 | 0.2
10T-03A -14.8 52 | -122| 42 | -106| 04 | -79 | 05 | -209| 03 | 128 | 27 | -118 | 25 | 91 | 42 | 190 | 1.2 | -169 | 0.5
11A-02T -5.7 0.8 63 | 06| 50 | 03| 82 | 06| -59 | 03| 83 |11 |-161| 10 | -247 | 38 | -11.0 | 47 | -11.7 | 0.9
12G-01C -12.6 0.8 20 | 09 |-140|, 04| 68 |04 | -83 | 04 |-118| 22 |-105| 26 | -56 | 11| -58 | 24 | -7.9 1.8

32



Opening (°)

Base Pair DNAcentrol DNAMS DNAM? DNAM:3 DNAHé DNAH8 DNAHM3 DNAF® DNAF8 DNAF3
Avg Std Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg Std
01C-12G 1.4 0.3 -1.2 | 0.1 1.4 02| -05 | 02| -05 | 01 0.8 03| 01 |04 | 17 | 02| 10 | 0.2 | 0.7 0.1
02T-11A -2.7 0.1 -8 01| -29 |01} 22 |01 | -23 | 01| -31 |02 )| -36 | 03| -52 |14 )| -27 | 01 | 1.7 0.3
03A-10T -2.4 0.9 29 | 06| 31,01} 33| 02| -03 01| -33|05)| -33 |04 | -24 |06 | -16 | 06 | -3.2 0.1
04C-09G -3.4 0.4 -28 | 03| 20 02| 18| 01| -31 01| -24 01| 23 | 02| -33 | 05| 12 | 09 | 14 0.1
05G-08C -2.2 0.2 23 01| -22 01| 04|01 -15]00)| -20|01| 20| 03| -37 | 12| -23 | 08 | -09 0.1
06C-07G -1.8 0.2 -04 | 02| 25 | 00| 25 | 01| -25 01| 25|01 | 33| 11| -35 |10 | -35 | 0.7 | 23 0.1
07G-06C -1.8 0.2 -04 | 02| 25 | 00| 25 | 01| -25 01| 25|01 | -34 |11 | 35|11 ]| -39 | 02| -24 0.1
08C-05G -2.2 0.2 24 | 01| 22 | 04| 04 |01 | -16 | 00| -21 | 01| 21 | 03| 37 |12 ]| -26 | 0.3 | 1.0 0.1
09G-04C -3.5 0.4 27 02| -21 /02| 19|01 | -31 01| 25|01 )| 24 | 02| -33 | 05| -20 | 01| 16 0.1
10T-03A -2.4 0.8 29 | 05| 31 01| 33 | 02| 04 | 01| -33 |04 )| 33|04 | -24 |06 | -1.7 | 07 | -29 0.1
11A-02T -2.7 0.1 -8 01| 29 | 01| 22 |01 | -23 | 01| -31 |02 )| -36 |03 | -52 |14 ]| -25 |03 | 1.7 0.3
12G-01C 1.3 0.3 -1.3 | 0.1 1.4 02| -05 | 02| -05 | 01 0.8 03| 01|04 | 17 | 02] 11 | 02 | 07 0.1
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Shift (A)

Base Pair DNAcentrol DNAMs DNAMS DNAM3 DNAM® DNAMH8 DNAH? DNAFS DNAF8 DNAFR3

Avg Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std
01CT/M1AG -0.44 | 0.03 |-0.40|0.02|-0.43 |0.01|-0.45|0.04|-0.37 |0.02| -0.48 | 0.05| -0.46 | 0.02| -0.54 | 0.08 | -0.47 | 0.05|-0.43 | 0.10
02TA/10TA -0.08 | 0.01 |-0.11]0.01|-0.07 |0.01| 0.03 |0.02|-0.11|0.01| 0.02 {0.02| 0.02 |0.05| 0.01 {0.09|-0.11 | 0.03 | -0.05 | 0.01
03AC/09GT -0.22 | 0.23 |-0.16 |0.10| 0.01 |0.03| 0.09 | 0.04 | -0.31 |0.01| 0.01 |0.09|-0.05|0.09|-0.18 | 0.40| -0.23 | 0.38| 0.11 | 0.02
04CG/08CG | -0.09 | 0.02 | -0.05|0.02|-0.08 |0.01|-0.14 |{0.01|-0.13 |0.01|-0.20 | 0.02| -0.21 | 0.05| -0.36 | 0.13| -0.19 [ 0.04 | 0.10 | 0.01
05GC/07GC 0.36 | 0.18 | 0.37 |0.08 | -0.22 |0.01| 0.00 |0.02| 0.20 | 0.02|-0.22 | 0.03 | -0.44 | 0.14| 0.09 | 0.06 | -0.22 | 0.20 | -0.05 | 0.04
06CG/06CG 0.01 | 0.00 | 0.01 |0.00| 0.01 |0.00| 0.01 |0.00| 0.01 |0.00| 0.01 |0.00| 0.01 |0.00| 0.01 |0.02| 0.02 |0.02|-0.03| 0.00
07GC/05GC | -0.35 | 0.18 | -0.35(0.09| 0.24 |0.02| 0.02 |0.02|-0.18 |0.02| 0.23 [0.03| 0.45 |0.14|-0.08 |0.07 | 0.25 |0.22| 0.02 | 0.04
08CG/04CG 0.10 | 0.02 | 0.05 |0.02| 0.09 |0.01| 0.15 |0.01| 0.14 {0.01| 0.21 |0.02| 0.21 | 0.05| 0.37 |0.14| 0.20 |0.04 | -0.14 | 0.01
09GT/03AC 0.22 | 0.23 | 0.16 |0.10| 0.00 | 0.03|-0.08 | 0.04 | 0.31 | 0.01| 0.00 |0.09| 0.06 |0.09| 0.18 | 0.40| 0.26 | 0.35|-0.12 | 0.02
10TA/02TA 0.09 | 0.02 | 0.12 |0.01| 0.08 |0.01|-0.02 |0.02| 0.12 |0.01|-0.01|0.02| -0.01 |0.05| 0.00 |0.10| 0.15 |0.05| 0.03 | 0.01
11AG/01CT 0.45 | 0.03 | 0.41 |0.01| 0.44 |0.01| 0.46 |0.04| 0.38 |0.02| 0.49 |0.05| 0.47 | 0.02| 0.55 | 0.08 | 0.50 | 0.04| 0.40 | 0.10
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Slide (A)

Base Pair DNAcentrol DNAMS DNAM? DNAM:3 DNAHé DNAH8 DNAHM3 DNAF® DNAF8 DNAF3

Avg Std Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg Std
01CT/11AG -0.13 0.01 | 0.18 | 0.03 | -0.27 | 0.01 | -0.18 | 0.02 | 0.03 | 0.01 | -0.38 | 0.05 | -0.61 | 0.05 | -0.27 | 0.06 | 0.16 | 0.04 | 0.31 0.04
02TA/M10TA 0.02 0.10 | 0.21 |{0.07| 0.02 | 0.02 | -0.07 | 0.04 | 0.29 | 0.01 | -0.17 | 0.06 | -0.32 | 0.09 | 0.00 | 0.22 | 0.23 | 0.10 | 0.29 | 0.03
03AC/09GT -0.76 0.06 | -0.57 | 0.03 | -0.60 | 0.01 | -0.87 | 0.02 | -0.69 | 0.01 | -0.88 | 0.03 | -0.85 | 0.07 | -0.64 | 0.58 | -0.22 | 0.13 | -1.05 | 0.02
04CG/08CG 0.74 0.09 | 0.74 {0.03| 0.61 |0.02| 0.60 | 0.01| 0.68 | 0.01| 041 |0.02| 0.26 | 0.08 | 0.29 | 0.12| 0.31 | 0.27 | 0.44 | 0.01
05GC/07GC 0.71 0.04 | 0.79 [ 0.06| 065 |0.01| 0.30 | 0.01| 053 | 0.01| 055 |0.02| 043 |0.19| -0.11 | 0.14 | -0.10 | 0.27 | -1.24 | 0.04
06CG/06CG 0.51 0.04 | 0.68 [ 0.09| 069 |0.02| 0.38 | 0.01| 0.34 | 0.01| 059 |0.05| 046 | 0.21| 045 | 0.04| 0.12 | 0.17 | 0.29 | 0.04
07GC/05GC 0.71 0.04 | 0.79 [ 0.06| 065 |0.01| 0.30 | 0.01| 053 | 0.01| 055 |0.02| 043 |0.19| -0.11 | 0.14 | -0.19 | 0.14 | -1.24 | 0.04
08CG/04CG 0.74 0.10 | 0.74 [ 0.04 | 062 | 0.02 | 0.60 | 0.02| 0.68 | 0.01| 041 |0.01| 0.26 | 0.08 | 0.29 | 0.12| 0.22 | 0.14 | 0.41 0.01
09GT/03AC -0.76 0.05 | -0.56 | 0.03 | -0.60 | 0.02 | -0.87 | 0.02 | -0.69 | 0.01 | -0.88 | 0.03 | -0.85 | 0.07 | -0.63 | 0.58 | -0.28 | 0.21 | -1.05 | 0.01
10TA/02TA 0.02 0.10 | 0.21 | 0.07| 0.01 | 0.02 | -0.07 | 0.04 | 0.28 | 0.01 | -0.17 | 0.06 | -0.33 | 0.08 | 0.00 | 0.23 | 0.26 | 0.05 | 0.30 | 0.03
11AG/01CT -0.13 0.01 | 0.18 [ 0.03 | -0.27 | 0.01 | -0.18 | 0.02 | 0.03 | 0.01 | -0.38 | 0.05 | -0.61 | 0.05 | -0.27 | 0.07 | 0.18 | 0.02 | 0.31 0.04
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Roll (°)

Base Pair DNAcentrol DNAMS DNAM? DNAM:3 DNAHé DNAH8 DNAHM3 DNAF® DNAF8 DNAF3

Avg Std Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg Std
01CT/11AG 13.8 0.1 17.0 | 0.8 9.8 0.3 7.6 09 | 139 | 03 8.1 19 | 44 1.5 38 | 20| 127 | 28 | 16.3 21
02TA/M10TA 10.9 29 94 | 21 6.0 0.1 5.2 0.8 | 124 | 01 94 | 20 27 10 | 188 | 1.3 78 | 2.7 7.0 0.5
03AC/09GT 5.5 22 6.2 | 2.0 55 0.1 4.9 0.3 2.8 0.1 55 1.3 36 | 43| 99 | 43 | 11 | 33 34 0.2
04CG/08CG -0.8 0.5 27 0.6 1.5 00| 27 | 01 | 40 | 0.2 0.6 0.2 05 | 28 | -24 | 41 04 | 4.9 7.7 0.3
05GC/07GC -2.0 0.2 0.2 0.3 27 0.1 3.0 0.1 24 01| 17|01 | -03 | 42| 93 |17 | -53 | 0.7 | -88 0.2
06CG/06CG 8.4 0.5 -20 | 0.8 25 0.1 1.7 0.3 3.5 0.1 8.6 04 | 26 | 02| 03 | 13| 46 | 1.0 | 11.2 0.1
07GC/05GC -1.9 0.2 0.0 0.2 28 0.1 3.0 0.1 25 01| 16 | 01| -02 | 42| 93 | 16 | -54 | 06 | -94 0.2
08CG/04CG -0.7 0.5 3.3 0.6 1.6 00| 26 | 0.1 | -39 | 0.2 0.6 0.2 05 | 28| 22 | 41| 10 | 27 7.9 0.3
09GT/03AC 5.5 22 6.0 | 2.0 54 0.1 4.9 0.3 27 0.1 55 1.3 36 | 43| 99 | 43 | 15 | 28 26 0.2
10TA/02TA 10.9 29 94 | 21 6.1 0.1 5.2 09 | 124 | 01 94 | 20 27 1.0 | 188 | 1.1 7.6 3.0 7.5 0.5
11AG/01CT 13.8 0.1 17.0 | 0.8 9.8 0.3 7.6 09 | 139 | 0.3 8.1 19 | 44 1.5 38 | 20 | 138 | 22 | 16.1 21
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Tilt (°)

Base Pair DNAcentrol DNAMS DNAM? DNAM:3 DNAHé DNAH8 DNAHM3 DNAF® DNAF8 DNAF3

Avg Std Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg Std
01CT/11AG 0.2 0.3 26 03 | -0.3 | 01 0.7 1.2 1.9 02| -02 | 06 | 4.0 0.6 0.3 0.5 0.9 1.5 27 1.2
02TA/M10TA -1.2 0.3 -1.7 | 0.2 0.3 01| -27 | 01| -05 | 01 0.4 01| -03 | 03 1.1 0.4 1.0 0.7 | -5.8 0.2
03AC/09GT 0.7 0.8 -1.1 | 0.6 0.0 0.2 1.3 01| 42 |01 | 07 | 03| -13 | 0.2 0.1 14 | -03 | 25 0.6 0.1
04CG/08CG 4.0 0.1 4.2 0.1 3.5 0.1 4.4 0.1 4.4 0.1 3.7 0.1 0.9 30| 53 | 48 | -35 | 13 2.0 0.1
05GC/07GC 0.4 0.6 -56 | 04| 18 |01} 19|01 | -13 | 01| 13 | 01| 19 | 0.9 0.3 08 | 1.5 | 04 | 1.7 0.1
06CG/06CG 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13 | -09 | 12 | -0.2 0.0
07GC/05GC -0.1 0.6 5.9 0.4 21 0.1 22 0.1 1.6 0.1 1.5 0.1 21 09 | -0.1 | 09 1.6 0.2 0.9 0.1
08CG/04CG -4.0 0.1 -38 | 01| 34 | 01| 44 | 01| 43 | 01| -36 | 0.1 | 08 | 3.0 54 | 49 3.3 1.7 | -25 0.1
09GT/03AC -0.7 0.8 0.7 05| -01 | 02| 14 | 01 4.1 0.1 0.7 0.3 1.3 0.2 | -0.1 1.5 23 0.2 | -0.1 0.1
10TA/02TA 1.3 0.3 1.9 02 | -0.1 | 01 29 0.1 0.7 0.1 | -0.3 | 01 0.4 03| -1.0 | 04 0.1 0.8 5.0 0.2
11AG/01CT -0.2 0.3 -26 | 0.3 0.4 01| -07 | 12 | 19 | 0.2 0.3 06 | 40 |06 | -03 | 05| 14 | 11 | 2.7 1.2
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o Torsion Angle (°)

Nucleotide DNAcentrol DNAMe DNAMS DNAM3 DNAM® DNAMH8 DNAH? DNAFS DNAF8 DNAFR3
Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std
02T -66 0 -64 0 -65 0 -62 2 -65 0 -65 0 -63 1 -69 1 -64 0 -63 0
03A -66 0 -66 0 -66 0 -63 0 -65 0 -66 0 -63 1 -61 1 -63 1 -63 1
04C -68 1 -67 1 -67 0 -65 1 -66 0 -66 0 -64 5 -59 3 -60 4 -66 0
05G -57 1 -59 1 -58 1 -56 1 -57 1 -56 1 -58 2 -58 3 -55 1 -59 2
06C -57 1 -62 1 -60 1 -60 1 -60 1 -59 1 -59 1 -65 1 -59 1 -63 1
07G -62 1 -59 1 -60 1 -59 0 -61 0 -61 0 -60 2 -58 1 -59 1 -62 1
08C -58 0 -59 1 -59 0 -60 0 -60 0 -56 0 -58 0 -59 1 -59 3 -56 1
09G -57 1 -58 0 -56 0 -57 0 -58 0 -55 0 -58 0 -58 1 -58 1 -65 0
10T -63 0 -64 0 -62 0 -62 0 -64 0 -61 2 -59 1 -64 1 -62 1 -65 0
11A -64 1 -63 1 -61 0 -63 0 -64 0 -62 0 -57 1 -60 1 -60 1 -63 1
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B Torsion Angle (°)

Nucleotide DNAcentrol DNAMe DNAMS DNAM3 DNAM® DNAMH8 DNAH? DNAFS DNAF8 DNAFR3
Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std
02T 184 1 184 1 181 0 187 0 183 0 183 0 181 0 165 2 184 3 184 3
03A 174 2 176 1 179 0 176 1 175 0 177 1 179 3 179 1 176 5 171 1
04C 171 0 170 0 173 0 170 0 170 0 172 0 176 | 4 170 | 14 | 179 4 165 0
05G 183 1 182 0 181 0 184 0 182 0 184 0 178 6 173 | 10 | 175 1 179 1
06C 174 1 180 1 179 0 176 0 181 0 176 1 182 1 164 | 4 178 2 169 1
07G 179 1 177 1 180 0 179 0 178 0 181 1 180 2 172 2 178 2 181 1
08C 183 1 183 0 183 0 179 0 181 0 182 0 179 5 173 1 170 7 160 0
09G 177 1 175 1 175 0 177 0 176 0 176 0 176 1 172 2 176 1 183 0
10T 169 | 10 | 175 7 179 0 182 0 164 0 178 7 181 4 173 | 4 172 7 166 0
11A 182 1 182 1 182 0 182 0 181 0 181 0 177 | 4 174 2 175 2 181 0
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y Torsion Angle (°)

Nucleotide DNAcentrol DNAMS DNAM?& DNAM3 DNAHS DNAH8 DNAHM3 DNAF¢ DNAF8 DNAF3
Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std
02T 51 1 52 0 54 0 47 2 52 0 50 2 54 1 61 1 52 2 51 3
03A 55 1 53 1 54 0 53 1 55 0 51 1 53 2 59 1 54 2 56 1
04C 57 1 57 1 54 1 58 1 57 1 55 1 51 3 60 11 50 4 57 1
05G 55 1 54 1 56 1 56 1 57 1 53 1 55 2 54 3 58 2 58 1
06C 56 1 54 1 55 1 53 1 52 1 54 1 54 1 60 1 54 2 56 1
07G 53 1 60 1 54 0 56 0 55 0 53 0 54 1 61 1 55 2 53 1
08C 52 0 53 0 48 0 51 0 53 0 47 0 52 4 59 2 58 2 68 0
09G 57 0 58 0 57 0 57 0 58 0 54 0 55 2 62 1 57 1 50 0
10T 53 7 49 6 48 0 47 0 60 0 47 6 46 5 54 3 53 4 59 0
11A 49 1 51 0 51 0 50 0 52 0 49 1 56 3 56 4 56 1 52 0
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8 Torsion Angle (°)

Nucleotide DNAcentrol DNAMS DNAM?& DNAM3 DNAHS DNAH8 DNAHM3 DNAF¢ DNAF8 DNAF3
Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std
02T 135 1 134 1 134 1 134 1 132 0 133 2 134 1 88 1 133 2 134 4
03A 127 1 124 0 130 0 127 0 126 0 127 0 132 3 140 3 128 5 127 0
04C 95 1 94 1 97 0 101 0 96 0 96 0 111 14 123 31 123 20 90 1
05G 135 1 134 1 132 0 136 0 135 0 136 0 137 2 139 3 135 4 139 0
06C 128 2 129 1 128 1 129 0 131 0 127 1 137 0 99 5 128 3 91 0
07G 132 0 131 1 130 0 132 0 130 0 131 0 134 2 134 3 133 1 140 0
08C 133 1 134 1 127 0 129 0 130 0 129 0 133 3 127 3 114 16 88 0
09G 138 0 137 1 136 0 140 0 136 0 137 1 136 1 135 1 131 4 141 0
10T 105 17 113 12 123 1 122 1 90 0 116 13 125 4 100 3 104 13 90 0
11A 135 0 134 1 137 0 133 0 133 0 135 1 132 2 133 2 128 4 132 1
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€ Torsion Angle (°)

Nucleotide DNAcentrol DNAMS DNAM?& DNAM3 DNAHS DNAH8 DNAHM3 DNAF¢ DNAF8 DNAF3
Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std
02T -171 1 -171 1 -171 0 -174 0 -171 0 -171 1 -177 0 -154 1 -175 2 -173 1
03A -172 1 -172 1 -172 0 -173 1 -173 0 -175 1 -176 5 -178 1 -180 5 -174 0
04C -181 0 -176 1 -178 0 -182 0 -180 0 -181 0 -179 1 -171 5 -184 1 -172 1
05G -182 0 -175 0 -179 0 -180 0 -180 0 -181 0 -181 1 -175 1 -182 1 -182 0
06C -176 0 -176 0 -177 0 -180 0 -178 0 -176 0 -182 1 -180 2 -181 1 -169 1
07G -182 0 -180 1 -178 0 -179 0 -178 0 -181 0 -183 0 -180 2 -181 5 -185 0
08C -181 0 -180 0 -182 0 -181 1 -180 0 -183 0 -181 2 -183 1 -181 2 -158 1
09G -176 1 -173 0 -174 0 -179 0 -174 0 -177 1 -180 2 -180 3 -175 1 -178 0
10T -167 5 -172 3 -175 0 -173 0 -165 0 -172 2 -182 1 -176 3 -175 1 -166 0
11A -172 1 -166 1 -176 0 -176 0 -169 0 -175 1 -176 1 -171 1 -166 1 -168 0
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¢ Torsion Angle (°)

Nucleotide DNAcentrol DNAMS DNAM?& DNAM3 DNAHS DNAH8 DNAHM3 DNAF¢ DNAF8 DNAF3
Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std
02T -107 1 -100 1 -106 0 -101 1 -102 0 -100 1 -107 1 -76 1 -99 3 -102 3
03A -93 1 -92 0 -93 0 -95 1 -91 0 -94 0 -96 1 -94 1 -97 4 -89 0
04C -93 0 -91 1 -94 0 -99 0 -96 0 -92 0 -104 | 12 | 118 | 26 | -107 9 -92 2
05G -102 2 -103 2 -107 1 -97 0 -97 0 -108 0 -109 1 -95 3 -98 1 -92 0
06C -99 0 -109 3 -98 0 -107 0 -103 0 -95 1 -102 3 -87 2 -100 1 -92 1
07G -107 3 -105 1 -95 0 -95 0 -104 0 -94 0 -97 0 -96 3 -99 2 -95 0
08C -101 0 -104 0 -102 0 -108 0 -104 0 -102 0 -104 1 -103 5 -94 7 -85 0
09G -92 1 -91 0 -93 0 -94 0 -92 0 -94 0 -95 1 -95 2 -92 1 -95 0
10T -90 10 -97 7 -104 0 -101 0 -84 0 -97 7 -106 4 -86 2 -91 8 -85 1
11A -99 1 -95 0 -99 0 -101 1 -96 0 -101 1 -93 1 -90 2 -89 2 -94 1
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X Torsion Angle (°)

Nucleotide DNAcentrol DNAMS DNAM?& DNAM3 DNAHS DNAH8 DNAHM3 DNAF¢ DNAF8 DNAF3
Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std
02T -108 1 -110 0 -114 0 -108 1 -111 0 -113 1 -111 1 -147 1 -109 1 -106 1
03A -115 0 -114 0 -113 1 -113 1 -113 0 -112 0 -114 2 -122 1 -112 5 -112 0
04C -133 0 -133 1 -128 0 -133 0 -136 0 -133 1 -125 | 10 | -120 | 31 -109 10 | -143 1
05G -103 1 -105 1 -105 0 -101 1 -103 1 -104 0 -110 3 -116 5 -115 1 -105 1
06C -108 0 -110 1 -110 1 -108 0 -107 1 -110 1 -109 3 -132 3 -118 5 -142 0
07G -109 0 -115 1 -108 1 -112 1 -112 1 -112 0 -107 4 -118 2 -110 2 -113 1
08C -106 0 -102 0 -105 1 -107 0 -108 0 -103 0 -107 6 -119 2 -123 6 -158 0
09G -103 1 -104 0 -106 0 -103 0 -105 0 -105 0 -108 3 -113 3 -115 3 -102 0
10T -130 13 | -116 | 10 | -112 1 -118 0 -134 1 -118 | 10 | -112 5 -127 5 -120 7 -143 1
11A -104 1 -100 1 -104 0 -102 1 -105 1 -105 1 -115 3 -115 2 -115 1 -102 0
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Sugar Phase Angle P (°)

Nucleotide DNAcontrol DNAMS DNAM?& DNAM:3 DNAMé DNAMH8 DNAH3 DNAF¢ DNAF8 DNAF3
Avg Std | Avg Std | Avg Std | Avg Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std
01C 69 1 67 1 64 1 101 36 64 1 92 41 79 1 33 4 87 55 92 56
02T 153 0 159 1 150 1 157 4 154 1 149 6 147 1 10 4 162 7 158 11
03A 133 1 130 1 141 1 135 1 134 1 134 1 147 4 184 12 140 11 133 0
04C 81 1 76 1 83 1 92 1 84 0 83 1 108 27 131 50 132 41 78 1
05G 172 4 165 2 157 1 171 1 168 1 169 1 164 3 180 6 163 7 169 2
06C 142 5 151 2 150 2 141 1 152 1 146 2 172 1 73 8 141 9 79 1
07G 153 1 158 3 154 1 156 2 147 1 157 1 161 9 156 7 153 3 175 1
08C 174 7 174 2 149 1 144 1 156 1 152 1 155 11 135 6 110 34 74 0
09G 167 2 159 1 159 0 167 1 162 0 160 0 156 3 150 5 149 12 171 1
10T 99 28 111 20 128 1 127 2 74 0 118 21 133 8 86 5 93 26 74 1
11A 153 0 151 2 158 1 149 1 150 1 152 0 147 6 144 4 137 10 151 1
12G 150 0 154 1 150 0 152 1 152 0 148 1 146 1 148 1 152 2 152 2
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Major groove (A)

Nt DNAcontrol DNAMS DNAM?& DNAM:3 DNAMé DNAMH8 DNAH3 DNAF¢ DNAF8 DNAF3
Avg Std | Avg Std | Avg Std | Avg Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std
4CG 172 | 0.3 | 176 | 0.1 16.7 | 0.1 174 | 01 176 | 01 17.7 | 01 170 | 06 | 174 | 02 | 17.0 | 06 | 147 | 0.9
5GC 172 | 02 | 173 | 10 | 158 | 1.0 | 189 | 0.2 | 17.3 | 01 16.5 | 0.1 16.3 | 1.1 182 | 0.2 | 163 | 1.1 15.0 | 0.8
6CG 157 | 02 | 1569 | 1.3 | 144 | 13 | 175 | 02 | 159 | 01 14.7 | 01 149 | 04 | 173 | 02 | 149 | 04 | 139 | 1.2
7GC 172 | 02 | 173 | 11 158 | 11 190 | 0.2 | 173 | 0.1 16.5 | 0.1 16.3 | 1.1 182 | 0.2 | 163 | 1.1 15.0 | 0.8
8CG 172 | 0.3 | 176 | 0.1 16.7 | 0.1 175 | 01 176 | 01 17.7 | 01 170 | 05 | 174 | 02 | 17.0 | 05 | 146 | 0.9

Minor groove (A)

Nt DNAcontrol DNAMS DNAM?& DNAM:3 DNAMé DNAMH8 DNAH3 DNAF¢ DNAF8 DNAF3
Avg Std | Avg Std | Avg Std | Avg Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std | Avg | Std
4CG 140 | 0.2 | 15.1 19 | 128 | 1.9 | 13.7 | 0.1 15.1 | 01 13.8 | 01 17 | 14 | 156 | 02 | 11.7 | 14 | 104 | 05
5GC 13.8 | 01 15.1 1.7 | 125 | 1.7 | 13.1 | 0.1 15.1 | 01 13.7 | 01 110 | 16 | 156 | 02 | 110 | 16 | 102 | 0.7
6CG 14.0 | 01 153 | 15 | 125 | 15 | 13.0 | 0.0 | 153 | 0.1 14.0 | 01 110 | 17 | 168 | 03 | 110 | 1.7 | 103 | 0.7
7GC 13.8 | 01 15.1 1.7 | 125 | 1.7 | 13.1 | 0.1 15.1 | 01 13.7 | 01 110 | 16 | 156 | 02 | 110 | 16 | 102 | 0.7
8CG 140 | 0.2 | 151 19 | 128 | 1.9 | 13.7 | 0.1 151 | 0.0 | 13.8 | 0.1 117 | 14 | 156 | 02 | 11.7 | 14 | 104 | 05
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DNA helical parameters from Curves+

Sys/S.No|DNAcentoll DNAYE | DNAM® | DNAY3 | DNAH® | DNAH® | DNAH® | DNAF® | DNAF® | DNAFS
1 5.9 11.3 6.6 6.2 1.8 6.7 8.3 11.8 3.4 6.9
2 11.3 3.1 6.5 5.7 1.6 3 10.6 8.9 3.4 6.6
3 5.8 11.4 6.6 5.3 1.9 71 10.4 10.7 3.3 6.9
4 11.9 11.4 6.3 4.7 1.6 6.7 10.7 10.7 7.6 7.3
5 5.2 10.9 6.3 5 1.5 6.6 10.3 1.7 7.2 6.8
Avg 8 9.6 6.5 5.4 1.7 6 10.1 10.8 5 6.9
Stdev 3.3 3.7 0.2 0.6 0.2 1.7 1 1.2 22 0.3
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7. RDC RMSD tables

Structure RDC RMSD (Hz)
used to
predict (|)
DNAgcontroll  DNAME | DNAM8 | DNAM3 [ DNAH® | DNAH8 | DNAH3 | DNAFS | DNAF® | DNAF3
DNAcontrol 1.81+ 2.50 + 191+ | 215+ | 201+ | 212+ | 208+ | 3.58+ | 251+ | 3.57+
0.07 0.04 0.04 0.03 0.04 0.05 0.06 0.02 0.03 0.06
DNAWMS 1.88 + 1.73 + 137+ | 173+ | 134+ | 161+ | 197+ | 275+ | 219+ | 281+
0.05 0.06 0.03 0.05 0.06 0.09 0.05 0.06 0.04 0.16
DNAMe 2.26 + 242 + 1.09+ | 222+ | 187+ | 204+ | 1.72+ | 316+ | 237+ | 3.39+
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.02
DNAM: 233+ 2.54 + 207+ | 121+ | 199+ | 244+ | 233+ | 357+ | 238+ | 261
0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.00 0.01
DNAHS 2.04 + 2.14 + 152+ | 1.89+ | 146+ | 198+ | 197+ | 3.02+ | 241+ | 3.08+
0.07 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00
DNAH 217 + 248 + 168+ | 222+ | 198+ | 1564+ | 227+ | 360+ | 253+ | 3.78+
0.05 0.03 0.00 0.01 0.03 0.03 0.02 0.01 0.03 0.01
DNAH3 221+ 2.44 + 142+ | 222+ | 193+ | 238+ | 122+ | 313+ | 226+ | 3.21+
0.1 0.10 0.03 0.12 0.07 0.07 0.1 0.09 0.04 0.18
DNAF6 2.54 + 1.81+ 186+ | 247+ | 148+ | 219+ | 210+ | 1.75+ | 229+ | 275+
0.05 0.10 0.20 0.02 0.06 0.03 0.08 0.03 0.01 0.15
DNAF® 231+ 2.20 + 208+ | 218+ | 222+ | 259+ | 225+ | 343+ | 1.33+ | 343+
0.05 0.04 0.25 0.03 0.05 0.23 0.07 0.13 0.13 0.21
DNAF? 3.12+ 3.15+ 279+ | 225+ | 243+ | 3.08+ | 277+ | 315+ | 216+ | 1.75+
0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Table S5: RMSD between predicted RDCs and experimentally derived RDCs. RDCs predicted for structures

refined with Xplor-NIH 2.4.1 were correlated with each of set measured RDCs of DNA®"™ and DNAN . Here mean

+ standard deviation, represents average RMSD for 5 structures and standard deviation of RMSDs.
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Figure S8: Correlation of predicted RDCs of Xplor-NIH structures with measured RDCs of respective DNA®"!

and DNAN, correlation coefficient (R?), and root mean square deviation (RMSD) between predicted and measured
RDCs with slope (m) is also provided.
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Figure S9: Correlation of measured RDCs of DNAN with respect to DNA®"™ sans modified nucleotides C1’-H1’
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