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Figure 1: R-squared in linear fits of the quantile-quantile plots between real data against the es-
timated gaussian distributions for tilt (7), roll (p), twist () and end-to-end distance (L). Lines
correspond to averages and shade areas encompass maximum and minimum values for each sub-
fragment length. Canonical relaxed DNAs (first column) can be broadly respresented by normal
distributions with the exception of (i) bimodal twists, which are only noticeable at the dinucleotide
level, and (ii) L in long lengths due to its skewness on the distribution (Figure S2). Quadratic
behaviour is significantly altered when DNA is perturbed by different factors (second column) in-
cluding nucleosome formation (PDB 1kx5) and mismatches (AA and GG) (see Methods). Though,
some protein-DNA complexes as the transcription factor GCN4 (PDB 2dgc) can still be described
by the harmonic elastic model. Despite the failure of quadratic approximation on these singular
DNAs, SerraNA can still provide some insights of how the different types of distortions modify
the elasticity of DNA.
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Figure 2: Histograms and quantile-quantile plots for the most non-gaussian cases on canonical
relaxed DNAs, including (a) bimodal twist () for a CG bp step within the 32mer fragment, and
(b) skewed end-to-end (L) distribution for the longest analyzed sub-length (46 bp) from the 62mer
fragment.
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Figure 3: Elastic constants for twist C, stretch B, persistence length A, static persistence length
Ay, dynamic persistence length A; and a second prediction of the dynamic persistence length A,
for increasing extensions (in ns) of the trajectories over DNA fragments containing 32 (green), 42
(blue), 52 (purple) and 62 (cyan) bp long. Shaded areas represent standard deviations in the case
of C and A, and uncertainty values with 70% of confidence level for variables obtained through
linear fits (B,A,As and Ay).
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Figure 4: Stretch Modulus B at different lenghts using contour length instead of end-to-end dis-
tance and including simulations for a 32bp random sequence (32rand) and the 32mer using par-
mOL15 force field (320115) (see Methods).
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Figure 5: Structural (left) and elastic (right) profiles along the molecule for dimer and tetramer
sub-lengths of trajectories containing an AA (top) and GG (bottom) mismatch, the localization of
which is indicated by grey shade.
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Figure 6: Roll and tilt persistence lengths (A, and Az, respectively) at the 4 bp length for the
136 tetranucleotide sequences from ABC simlation databse. Vertical axis represent the flanking
base-pairs and the horizontal axis represents the middle base-steps. Horizontal and vertical lines
organize sequences according purine (R) or pyrimidine (Y) type. Sequence duplication is excluded
through the use of white squares.
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Figure 7: Elastic constants at the dinucleotide length for the whole set of 136 tetra-nucleotide
sequences from ABC simulation database. Total persistence length together with its static and
dynamic components (A, A; and A, respectively) are calculated using the directional decay at
dimer level. Twist (C), stretch modulus (B) and the second estimation of dynamic persistence
length (A!)) are obtained directly from the inverse-covariance matrix for dinucleotides. Vertical axis
indicates middle steps, and horizontal axis flanking bases. Horizontal and vertical lines organize
sequences according purine (R) or pyrimidine (Y) type. Sequence duplication is excluded through
the use of white squares.
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Figure 8: Added shift Xy, slide Yy, rise Zy and contour length Ly elastic constants at the 4 bp
length for the 136 tetranucleotide sequences from ABC simlation databse. Vertical axis represent
the flanking base-pairs and the horizontal axis represents the middle base-steps. Horizontal and
vertical lines organize sequences according purine (R) or pyrimidine (Y) type. Sequence duplica-
tion is excluded through the use of white squares.



Table 1: Two versions of dynamics persistence length (A, and A))) estimated from unconstrained
MD trajectories over linear DNA fragments and calculated following equation 9 and 11, respec-
tively, as in Table 1 in the main manuscript.

Al Al
32rand | 68.3+1.0 | 68.04+£1.0
32mer | 69.94+0.5 | 69.240.6
42mer | 64.7+2.3 | 64.4+2.4
52mer | 67.8£2.9 | 67.1£3.0
62mer | 68.2+1.8 | 67.9£1.9

Average | 67.8£1.7 | 67.3+£1.8

Table 2: Persistence length A, its static Ay and dynamic A; components and twist C and stretch
modulus B of RRRR tetranucleotide sequences.

Sequence | A (nm) Ay (nm) As (nm) C (nm) B (pN)
GGGG | 19.0£0.6 | 654 +£2.6 269+ 1.1 79.1 £ 64 | 1541 £47
GGGA |240£0.7 | 579 £1.1 41.0£2.2 65.8+2.0| 1411 £34
AGGG | 18.0£0.5|593+£1.7 258+ 0.7 63.7+3.1 | 1188 £26
AGGA |235+£22572+£08| 403+63 61.0+ 0.8 | 1358 +39
GGAG |319+£06|60.7+1.1 67.6 +3.9 693 +2.1| 18636
GGAA [36.7+06 | 555+0.7 | 108.1 +£2.7 |745+49 | 1844 +44
AGAG |255+2.1|605+£1.0 445+ 64 669 £4.8 | 1637 + 78
AGAA |354+£50|550+£43 | 101.8£269 | 66.7+ 1.7 | 1863 + 136
GAGG |233+1.6]|60.6=+09 379 £3.8 58.6 1.6 | 1652 £ 122
GAGA | 277+£08|57.6+0.5 534+3.0 |60.1+1.7] 1603 + 38
AAGG |21.2£1.0|568+£0.5 340 +2.7 59.2+45 ] 1311 £23
AAGA | 274£47 56626 | 547+147 |51.8£84 | 1581 +84
GAAG |3494+13|554£05| 956+106 |613+£1.4 2028+ 109
GAAA |[469+0.1 | 523 +£0.1 | 454.1 £20.1 | 61.5+£2.0| 2127 +24
AAAG [337£04 | 546+£1.1 87.8 £0.1 56.8 3.0 | 1754 £+ 47
AAAA | 558 +7.0|61.6£34|970.0+506.1 | 74.6 6.6 | 2241 + 88
Average | 30.3+9.9 | 57.9 £3.2 | 140.2 +236.0 | 64.4 7.0 | 1688 £ 288
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Table 3: Persistence length A, its static Ay and dynamic A; components and twist C and stretch
modulus B of YRRY tetranucleotide sequences.

Sequence | A (nm) Ay (nm) Ay (nm) C (nm) B (pN)
TGGT | 19.6£0.8 | 61.1 £3.8| 288+1.0 |729+54 | 1700+ 109
TGGC | 284+£22|655£24 | 504+£54 | 69921 | 2139£82
CGGT |23.0+05]627+£25| 364+06 | 69045 | 2072+ 88
CGGC |3277+06 | 662+23 | 649+26 |658+£27| 2468+ 82
TGAT |285+1.6|68.7+£34| 488+£32 |823+£25]|2153+118
TGAC |423£1.7|70.1£19| 106.7£6.6 | 81.0+ 0.4 | 2470+ 39
CGAT |336+0.7|68.1+0.7| 665+29 |683E£28 | 2421+44
CGAC |415+£12]169.0£27 | 1042£1.7 | 741£14 | 2754+ 65
TAGT |[240£19(572+£28 | 414+£43 |68.0£49 | 177162
TAGC |33.1+08|574+09 | 781+£37 |654+19| 2119+49
CAGT [309£1.1|669+18| 57.6+32 |782+18| 2097+ 26
CAGC |355+£1.7|628+24| 81.8+54 |702+2.0 | 2329+70
TAAT |31.6£25|574+£23| 70.7£9.0 | 695120 | 1923+ 68
TAAC | 388 +3.6|568+24|1240+£233 |720£2.6| 2171+ 16
CAAT |366+t25|674+£29| 802+L£79 |805£24 | 2147+£81
CAAC |44.6£16|655+24 | 139.7+5.9 | 81.5£0.9 | 2347+ 125

Average | 32.8 +£69 | 63.9+45 | 73.8£30.7 | 73.0£5.7 | 2193+ 261

Table 4: Persistence length A, its static Ay and dynamic A; components and twist C and stretch
modulus B of RRRY tetranucleotide sequences.

Sequence | A (nm) Ay (nm) As (nm) C (nm) B (pN)
GGGT |29.7+£13|60.8+0.2 585+53 584+1.2 ] 1682 £ 113
GGGC |[359+£22|649+22 80.5+7.8 61.5+2.0 | 1861 £ 105
AGGT |3354+1.7|56.7+£20 823 +7.8 60.5 +0.1 | 1498 £ 82
AGGC |[365+0.7|633+14 86.5 =4.7 61.0+3.0 | 1833 £ 71
GGAT |364+06|576+04 99.1 £5.8 639+ 0.7 | 1670 £ 69
GGAC |419+£2.1|56.0+£09 | 169.0+254 |558+0.0 | 1938 £46
AGAT |3374+04|57.6+04 81.5+33 74.0 £ 1.8 | 1589 £28
AGAC |416+13|56.1+03 | 163.24+220 | 57.1+0.5| 1923 £52
GAGT |5004+22 | 645+1.2| 23394552 |632+2.6| 2219+34
GAGC |374+08|628+23 93.5+93 592+24 | 2072 +£24
AAGT |433+16|576+£20| 1745+£6.7 | 628+ 1.6 | 1993 £15
AAGC [408+06|695+t14 99.1 £ 0.8 79.8 £3.1 | 2551 £52
GAAT |51.0+£24|57.0+£2.0| 4847+69.6 | 548 £4.2 | 1981 +25
GAAC | 525+£2.7|587+£3.1| 4965+ 18.6 | 56.7£2.2 | 2155 %97
AAAT |539+0.2|592+£09 | 613.0£78.7 | 625+1.0| 218548
AAAC |504+£07[597+16| 327.7+£17.1 | 57.1 £2.4 | 2203 47
Average | 41.8 7.4 | 60.1 £3.7 | 209.0 + 170.6 | 61.8 = 6.4 | 1960 £ 264
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Table 5: Persistence length A, its static Ay and dynamic A; components and twist C and stretch
modulus B of YRRR tetranucleotide sequences.

Sequence | A (nm) Ay (nm) Ay (nm) C (nm) B (pN)
TGGG | 17.1£03|598+1.0| 24.0£0.5 | 606 1.7 | 1673 £67
TGGA | 180+£10|525+08| 27.6 24 | 620£0.8 | 1695 £ 82
CGGG |215+£14]|654+08| 3224+29 |566+25| 1974 £40
CGGA |219+£0.7|545+06| 36.6+2.0 | 51.6£19 | 2000 £ 44
TGAG |332+1.0|655+£22| 67.3+2.2 |72.7+£2.7 | 2335+ 100
TGAA | 280+£05|549+18| 57.5£3.1 | 69.0+1.1 | 2044 £ 28
CGAG |276+0.7|619+08 | 500£23 | 693 15| 2377 £65
CGAA | 31606 |576+22| 702£1.0 | 543 £1.3 | 2357 £ 100
TAGG | 20.1£0.7 | 52619 | 327+1.2 | 59839 | 1663 £43
TAGA | 16.8£03|495+06| 255+0.8 | 741 £33 | 1593 £40
CAGG | 230+13|609+1.6| 369£29 | 63.5+2.1 ]| 1996+ 23
CAGA |224+03|543£04| 38.1+0.8 | 60.5+2.4 | 1958 + 83
TAAG |322+£15|558+15| 765+£69 |675+18| 2186 £49
TAAA | 350£09 |514+£22 | 1104£95|757£1.8]| 2161 =63
CAAG |351+£16|669+21 | 73.7£49 | 81.2+5.1]2566=£110
CAAA |346+0.1 |58.0£0.7| 8.5+13 | 65.1+£32| 2060 £ 87
Average | 26.1 6.5 | 57.6 5.2 | 52.8 £24.6 | 65.2 + 7.9 | 2040 £ 276

Table 6: Persistence length A, its static Ay and dynamic A; components and twist C and stretch
modulus B of RRYR /YRYY tetranucleotide sequences.

Sequence | A (nm) Ay (nm) As (nm) C (nm) B (pN)
GGTG |304+0.1 |576+08 | 64.1£0.7 | 66.0+2.0| 2076 £ 68
GGTA |292+£0.1 | 52606 | 658+04 | 61.1 £09 | 1783 +£53
AGTG |292+0.7|595+13 | 57.5£24 | 66.0+3.2| 1996 £+ 74
AGTA | 227+£21 51.7+£15| 40.6 5.7 |565+£32| 1854+ 13
TGTT |228+0.1 |589+0.1 | 37.2+£02 |525+1.9 | 1832+ 28
TGTC | 261 £15|534+£0.7| 51.3+£60 |488+13|2035+114
CGTT |246+0.1 |572+£0.1| 43.1£03 |41.1+03| 1931 £10
CGTC |266+25|570+06 | 50.7+8.4 |43.8+1.8| 2309 + 108
GGCG |315+£03|652+03| 61.1£0.9 |563+0.6| 2462 £27
GGCA | 281+£00|634+13| 504+£09 |57.8+03| 2293 +41
AGCG | 222+3.1|566+46|388+124 | 60.5+£3.1]|2171 £+ 149
AGCA | 198+£1.1]|63.1+£3.6| 29.0£1.6 | 66.1 £69 | 2266 £ 46
GATG | 2584+35|5624+04|490+114 |524+29 | 2142+ 191
GATA |[209+05|485+£02 ] 36.7+14 |[654+13| 1678 L£74
AATG | 245+0.7 | 56002 | 43.6+23 |48.7£1.1| 1714443
AATA | 258+05(522+1.7] 509+£03 |5624+08| 1799 +6

Average | 25.6 £33 | 56.8 4.4 | 48.1 £10.2 | 56.2 + 7.7 | 2021 £ 229

12




Table 7: Persistence length A, its static A; and dynamic A; components and twist C and stretch
modulus B of RRYY tetranucleotide sequences.

Sequence | A (nm) Ay (nm) Ay (nm) C (nm) B (pN)
GGTT |384+04658+0.38 924 £0.9 545+0.1 | 2255+24
GGTC | 4454+0.1 | 65.6£0.5 1384 £33 65.1+12 | 2493 +1
AGTT |482+£0.7|60.8=+0.9 232.1£3.2 564 +04 | 2179 £ 12
AGTC | 502458 | 683£15| 2055£650 |623+£19 | 2533 £59
GGCT |[42.1+03|652+0.6 1189 £ 3.9 55.7+£23 | 2527 £ 28
GGCC |44.1+04|653+0.0 136.3 £4.0 60.7 £ 1.6 | 2677 £ 18
AGCT |[415+£1.8|588+14| 1417127 |554+05 | 2314 £ 67
GATT |5944+£05]707+£03| 370.7£119 | 652+£2.6 | 2413 +49
GATC |581+04|659+03| 4953+176 | 66.7£0.9 | 2339+ 15
AATT | 61.7+£1.0 | 64.9+0.7 | 1267.1 £144.2 | 579 £0.9 | 2209 £ 16

Average | 48.8 £7.8 | 65.1 £3.2 | 319.8 3379 | 60.0 4.4 | 2394 + 154

Table 8: Persistence length A, its static A; and dynamic A; components and twist C and stretch
modulus B of YRYR tetranucleotide sequences.

Sequence | A (nm) Ay (nm) Ay (nm) C (nm) B (pN)
TGTG | 17.5+09 | 474 4+2.1|28.0+3.1|547+4.5 | 1847 £ 136
TGTA 175+£04 [ 433£09 [ 293+£09 | 646+43 | 1682 +40
CGTG |[199+0.1 | 51.3+08 |32.74+05|545+15| 2173 £51
CGTA | 190+£05|440£1.0|33.6+£2.0|509+£35]| 1749 +52
TGCG | 1894+0.3 | 48.84+0.9 | 30.7+0.9 | 50.8 = 1.8 | 2095 4 53
TGCA | 15.1+£0.1 [ 49.7+£0.3 | 21.7+0.2 | 69.7+ 1.1 | 1850 £ 30
CGCG | 256£0.7|564+19 |47.1+£2.6|521+£1.0] 2660+ 63
TATG 177+£0.8 | 439+£03 | 298+£23|606+02| 1676 + 12
TATA 176 £0.8 | 41.1 £0.8 | 31.0£2.8 | 70.1 £4.1 | 1672 £+ 30
CATG | 163+£05(532+09|23.6+£09|604+02 | 1887 £ 38

Average | 185+£2.7 | 479+£4.6 | 308 £6.5 | 589+£7.0 1929 +293
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Table 9: Persistence length A, its static Ay and dynamic A; components and twist C and stretch
modulus B of RYRR/YYRY tetranucleotide sequences.

Sequence | A (nm) Ay (nm) As (nm) C (nm) B (pN)
GTGG |30.04+0.6 |56.0+1.7| 649+06 |85.1+£1.6]|2271 + 131
GTGA |46.1+06 | 6154+02 | 184.6+75 | 92218 | 2645+ 14
ATGG |[20.7£14|599+12| 31.7+£3.7 |793+0.8 | 1746 £ 203
ATGA |[266£1.2 |591+£1.1| 48.7+4.1 |833+06]| 1875+54
TTGT |29.6+14 |613+£21| 573+£35 |744+£54| 1898 £31
TTGC |43.6+2.1|67.8+13 | 122.6+13.1 |934+£1.7| 2829 £+ 164
CTGT |240+£0.7|{599+04 | 40.1+19 |81.7£25 | 1889 +52
CTGC |[379£04 62124 | 97.7+4.1 | 822463 | 2497 £87
GTAG |349+22|549+30| 96.1£74 |81.1+45|2147+148
GTAA |403£26 |540+£13|161.7+289 |849+14|2378 £ 111
ATAG | 19.74+05|559£05| 304+1.2 [973+£27| 1504 £ 23
ATAA [320+32|544+£1.0| 79.7£16.8 | 83.8£3.5| 1919 + 58
GCGG |32.6+0.1 | 6524+21| 655+£24 |693+64 2659 £116
GCGA 302401 625+03| 585+£0.8 |87.1+1.2| 2503 £66
ACGG |21.7+£08|600+09 | 340+£20 |744£1.3 2050116
ACGA |269+09|620+15| 474+£20 [620£14 | 2111 +48

Average | 31.1 +7.7 | 598 +3.8 | 76.3£44.6 | 82.0£8.7 | 2183 £+ 363

Table 10: Persistence length A, its static Ay and dynamic A; components and twist C and stretch
modulus B of RYRY tetranucleotide sequences.

Sequence | A (nm) Ay (nm) Ay (nm) C (nm) B (pN)
GTGT |[296£13 |557+£07| 632£54 72.6 £ 1.9 | 1599 + 47
GTGC |351£0.2|539£08 | 100843 | 70.7+1.7 | 2014 + 38
ATGT |31.0£04|564+£06| 69.0£0.8 83.8 £3.7 | 1455+ 54
ATGC |294+10|598+17| 585+£6.0 79.7 3.4 | 1785 £ 106
GTAT |30.6+0.7|503+00| 784+46 91.0 £ 0.1 | 1550 £ 22
GTAC |[3154+0249.0£0.1| 8.0£22 | 822+3.1 | 1792+78
ATAT 316 09 | 519+ 1.1 | 81.0+49 97.5+38 | 1448 £22
GCGT |34.0£05 (56707 | 85.0%+1.8 586 £ 1.2 | 2047 £ 37
GCGC | 464 1.7 |577+£0.8]2397+£314| 59915 | 2642 £90
ACGT |309+17|549+0.7| 71.2+85 65.8 £1.6 | 1569 + 41

Average | 33.0+4.8 | 54.6 3.2 | 93.5+£50.2 | 76.2 £12.3 | 1790 £ 349
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Table 11: Persistence length A, its static Ay and dynamic A; components and twist C and stretch
modulus B of YYRR tetranucleotide sequences.

Sequence | A (nm) Ay (nm) Ay (nm) C (nm) B (pN)
TTGG |26.7+£0.8 |59.6 27| 485+1.1 [ 88.0£5.0| 2313 £381
TTGA [321+£07 | 646+2.1| 640£15 |93.7+1.2| 2466 + 86
CTGG |308+15|6l.6E1.6| 61.7+46 |87.3+1.3| 2529166
CTGA |36.0+2.0|67.1+24 |785£105|94.44+2.4 | 2597 £ 107
TTAG |329+£13|572+1.6| 77.3+42 | 84.4+2.0 | 2245+70
TTAA | 33.7+£09 |557+£0.6 | 855+43 | 804+1.9 | 2276 £55
CTAG |345+13|568+19 | 87.7+£4.1 | 787 £8.1 | 2365+97
TCGG |263+£03|66.0E£1.5| 43709 | 83.3 £3.0| 2546 £ 132
TCGA [29.6£14]654+03 | 544£45 | 81.1+24| 2698 +45
CCGG | 274+06|650+08 | 473 £1.5 | 83.0+23 | 2755 £61

Average | 31.0£32 | 61.9+4.1|649+156 | 854+5.1 | 2479 £ 168

Table 12: Averages and standard deviations of tetranucleotide elastic constants.

Parameter Average
A (nm) 31.8 £ 1.0
Ay (nm) 58.8+5.9
Al (nm) 64.3 + 7.1
Ag (nm) | 108.1 +158.9
C (nm) 68.0 = 12.0
B (pN) 2054 4+ 354
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