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I. Supporting computations methods

1.1. Calculation of the orientation and parameters of an ideal superhelix

The procedure to determine an ideal superhelix representing dsDNA wrapped around the
histone core is performed as follows: First, for each of the NCP crystal structures reported in
the PDB database, a 129 bp central fragment of DNA wrapped around octamer core was
selected and the coordinates of the axis points of the double helical DNA were determined at
the level of each basepair using the Curves+ software (1,2). (See ref (1) for definition and
description of the calculation algorithm of the DNA axis).

Let us denote axis the coordinates as {1;}, i = 1,...,129. We define the DNA superhelix
axis as the axis most "perpendicular" to all the fragments of the dSDNA axes, by

minimization of the sum of scalar products of vectors representing the DNA axis, 7;,, —7;,
with a unit vector 4 directed along the superhelix axis:
S = 3128 ((Grar —7) - 4) (S1)
Minimization of S varying the coordinates of the vector A under constraint condition
A? = 1 leads to equation:
(5 —24%) =0 (S2)
where A is a Lagrange multiplier. Further mathematical operations result in an eigenvalue
problem:
MA =24 (S3)
with the matrix M determined by the tensor products of vectors:
M =323 — 1) @ (Fipy — 1) (54)
Solution of the eigenvalue problem (eq. S3) results in 3 eigenvalues and 3 eigenvectors. The
direction of the superhelix axis is determined by the eigenvector corresponding to the
minimum eigenvalue. Furthermore, the eigenvector corresponding to the maximum
eigenvalue determines direction of the dyad axis while the third eigenvector is orthogonal to
the two first. The three eigenvectors thus determines the local coordinate system of the NCP
in which the superhelix axis determines the Z direction and dyad axis determines X direction.
After determination of the superhelix axis and the NCP local coordinate system, the
parameters of the superhelix can be determined straightforwardly. The coordinates of the
dsDNA axis {r;} are recalculated in a local cylindrical coordinate system as (', ¢, ;). The

average of the radial coordinates r'; determines the superhelix radius; the average phase shift
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( @i+1 - @) determines the average number of base pairs per superhelix turn, and the average
difference of the height coordinates (4;+; - #;) multiplied by the number of base pairs per

superhelix turn defines the superhelix rise.

1.2. Corse Grained Molecular Dynamics simulations of NCP condensation

To get a deeper insight into the structure of the NCP-NCP stacking we analysed the results of
our earlier coarse-grained (CG) MD simulations in a system of 20 CG-modelled NCPs in the
presence of explicit mono- (K"), di- (Mg2+) and tri- (CoHex™" = [Co(NH3)s]>") cations (3.4).
The detailed description of the CG NCP model, construction of the simulation system and
explanation of the MD simulation setup and analysis of the results are given in the cited
works (3,4). Below brief overview of the NCP model and applied MD method is given.

1.2.1. Coarse-grained model of the NCP. A CG NCP model reproduces shape of the real
NCP combining histone octamer core and double helical DNA wrapped around it. It also
includes flexible histone tails with resolution of 1 particle per amino acid (see Fig. 7A of the
main text).

The 148 bp of the nucleosomal DNA are described as sequence of 74 five-bead units
where each unit includes four beads each representing DNA charged phosphate group and
one bead resembling four nucleosides from the two DNA base pairs. The internal DNA
structure was maintained by bond and angular interactions fixed between neighbouring CG
sites by harmonic potentials. Each phosphate group was assigned a charge —1e. The overall
DNA structure is similar to space-filling grooved B-form DNA model with explicit charged
on the phosphate groups used previously to study the ionic ion-DNA interaction and
selectivity (5-10).

In the core part of the histone octamer (HO) each amino acid was represented as a bead
with a charge assigned according to the amino acid type: lysine and arginine, +1e; aspartate
and glutamate, —1le; the other amino acids were neutral. The initial coordinates of the beads
(of total number 710; with 116 positive, 64 negative, and 530 neutral particles; net charge
+52¢) were set to the centers of mass of the amino acids determined from the NCP high
resolution crystal structure, 1KX5 (11). In order to keep the structure of the core region intact
during simulations, .the particles of the histone core were bound applying an elastic network
scheme (12). The DNA was linked to the HO core by harmonic bonds connecting each DNA
central bead with the nearest amino acid bead of the histone core according to the 1KX5
crystal structure. The histone tails were modeled as 10 strings of linearly-connected beads

with the length and charge assignment mimicking the Xenopus laevis histones used in the
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1KXS5 crystal (11). The number of particles in each tail was 20, 35, 43, 24 and 13 for the
H2A, H2B, H3 H4 and H2A-C (H2A-C is the short unstructured tail at the C-terminal of the
H2A histone). The charges were assigned according to the amino acid sequence, resulting in
total charge +94e from the 10 histone tails. The particle of each tail closest to the histone core
was connected to the HO core according to the histone amino acid sequence.

The total number of CG beads comprising each NCP was 1350. The short range
interactions were described by a repulsive » '* potential with effective radii specific for each
CQG site so that contact distances between particles matched the ones observed in the NCP
crystal structures and in the NCP (13,14) and in the histone tail - DNA MD simulations (15-
17). The charges of the DNA, histone core and histone tails as well as of ions were treated
explicitly by a Coulombic potential scaled by the dielectric permittivity of water ¢ = 78. The
net charge of each NCP was —150¢, with contributions —296¢, +52¢ and +94e from DNA,
histone core and histone tails, respectively.

1.2.2. Langevin Molecular Dynamics. The Langevin MD method as implemented in the
ESPResSo package (18) was used for the simulations (see (3,4) for details). The friction and
random forces mimic the effect of solvent, which makes the method very suitable to simulate
continuum solvent models (19,20) . Since we are interested only in equilibrium properties,
the masses of the particles and the parameters of the Langevin thermostat were set to get fast
sampling of the configuration space and an efficient computation of the canonical averages.
The electrostatic interactions were treated by the P3M method (21).

In the present work, a cubic periodic box of size 500 A contained 20 CG NCPs and 1000
neutralizing three-valent counterions representing CoHex”". The effective CoHex” ™ radius
was set to 3.5A (which was the same as in the earlier simulations with 10 NCPs (3) and was
validated in our previous work (8)). The time step was set to 0.04 in the reduced units used in
ESPResSo package (which correspond to about 30 fs in real units). Simulations were started
from a random configuration, were run for 2x10’ time units (equivalent to 15 us of real time)
of which the first 10" steps were disregarded in analysis. The obtained trajectories were used
for computations of RDFs. Convergence of the simulations was checked by calculations of
NCP-NCP center of mass RDFs in 2.5-10° MD steps windows and ensuring that no trends in
RDFs are observed.

One of the major advantages of the models developed in (3) is that the systems of one or
multiply NCPs provide an accurate description of the electrostatic interactions, which

includes mobile ions, charges of DNA phosphate groups as well as charges of the histone
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tails and in the core region. The beads belonging to the DNA and the histone octamer are held
together in a single NCP by a network of harmonic bond and angle interactions.

1.2.3. Spatial Distribution Function (SDF). The density distribution of mobile species (ions
or particles of the histone tails) as well as other NCPs around a given NCP can be visualized
by calculation of spatial distribution functions (SDF) using an approach developed earlier in
MD simulations of DNA (22-24). The local coordinate frame for the SDF was defined by the
positions of three particles chosen in the distant parts of the gHO. The SDF density of every
set of particles (e.g. belonging to one of the tails) was calculated in this frame which was also
used for calculation of the average NCP structure. SDFs were visualized as iso-surfaces

drawn at the given level of intensity around the central NCP.
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Figure S1. Statistics of distances between centres of the two coordinate systems: one
based on the NCP symmetry proposed in this work; the other using the trace of the
DNA helical axis wrapped as superhelix (SH) around the histone octamer. (A) The
origin of the SH-based system is defined using all 145-147 DNA helical axis points. (B)
The origin of the SH-based system is defined as the centre of an ideal SH found by
fitting the coordinates of the 129 central DNA axis points (centre-centre distances
shown in (B) are listed in the last column of Table S2 of the SM).
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Figure S2. The set of parameters defining how the position of an arbitrary point
(red star) is described in the NCP-centred coordinate system. (A). NCP
approximated as wedge cylinder shown from the top (left) and from the side
(right). The position of a point in the NCP coordinates is defined by (i) distance
to the NCP centre (COM of the gHO); (ii) shift, the distance from the gHO
COM to a projection of the point on the NCP plane; (iii) shift angle ¢, the angle
between the NCP symmetry axis and the shift line (Fig. S2A, left); (iv); rise is a
distance from a point to the NCP plane. The value of the rise may be positive or
negative depending on the point being located above or below the NCP plane.
(B). Additional explanation on the NCP coordinate system. The left cartoon
shows the range of the angle ¢ changing from 0° to respectively +180° or —180°
to the right or to the left from the symmetry axis. The right cartoon shows that
the distance from the point to the NCP centre may also be used.
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Figure S3. Statistics of direction of the angle between planes of the two NCPs (tilt
direction). The tilt direction is defined as an angle between symmetry axis of the NCP1
and projection of the vector that is normal to the NCP2 plane as explained in Fig. 6D of
the main text. Insert shows the data for the most populated range in the published crystal
structures. Numerical data are given in Table S3 of the Supporting Material.
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Figure S4. Statistics of mutual orientation of the symmetry axes for the stacking contact
between NCPs in the published crystal structures. (A) Axis-axis orientation or angle
between symmetry axis of the NCP1 and projection of the symmetry axis of the NCP2
on the NCP1 plane (see scheme in Fig. 5B of the main text). (B) Axis-axis angle. In (A)
and (B) only range of angles characteristic for the head-to-tail NCP orientation is
included; few cases of the alternative head-to-head axis orientations are not shown.
Numerical data are given in Table S3 of the Supporting Material.
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Figure S5. Coarse graining modelling of NCP-NCP interactions. (A) CG model of the
NCP with explicit charges on the DNA and histones. Front and top views of the model are
shown in the top and bottom panel, positively charged amino acids of the tails are in blue;
negatively charged particles of the core histone domain are in pink. (B) Schematic
representation of the symmetry coordinates developed for the CG NCP. The COM (red
sphere) was defined using the coordinates of the amino acid beads of the core HO; the
symmetry axis (red rod) was drawn through the COM and the DNA central particle The
NCP plane (shown in blue) was defined as the median plane of the two planes which had a
common line, the symmetry axis, while the third points of these two planes was placed in
the middle of the line connecting two DNA beads of the two opposite DNA strands at the
opposite sides of the NCP dyad axis (the vector normal to the plane is a green arrow).
DNA beads used to define symmetry axis and plane are highlighted in red and cyan. (C)
A snapshot of the simulation in the system of 20 CG NCPs with CoHex’" cations. Histone
tails and CoHex>" cations are not shown for clarity. (D) NCP-NCP distance correlation
calculated for the system of 20 CG NCPs with CoHex”" cations (adapted from (4) with
permission). Cartoons near the peaks sketch the respective structures of the NCP-NCP
contact.
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Figure S6. Correlation between the NCP-NCP distance and angle between the
NCP planes. Contour areas in colour are the result of the MD simulations for 20
NCPs with CoHex’" cations; points display the data calculated for the NCP crystals
and reported in Table S3 of the SM. Oval highlights the area where the data from
most of the crystal structures are clustered (points overlap each other). Points that
are outside the major cluster are labelled by pdb entry code. Larger green point
highlights tetranucleosome structure (25); magenta hexagon point is for the one of
the two NCP-NCP stacks in the 12-187 nucleosome array reported in the recent
cryo-EM study (26); this point is not calculated using approach proposed in the
present work but plotted using the values reported in the cited paper. Points in the
range of NCP-NCP distance 80-110 A are obtained for the NCP-protein crystals
where NCPs are separated from each other.
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Figure S7. The NCP as a negatively charged polycation-polyanion complex. (A).
Distribution of the basic amino acids in the NCP. The histone tails (shown in their
stretched conformation) carry the major part of the positive charge (indicated for
each tail); the net charge of the HO globular part is shown in cyan box. (B). The
electrostatic potential of the NCP calculated for its structured part (tails are
excluded). The location of the H2A/H2B acidic patch is indicated by a yellow oval.
The adaptive Poisson-Boltzmann Solver (27) included into the Chimera
visualization software (28) was used to calculate the surface potential using the
following parameters: temperature 298 K, solvent radius 1.4 A, 150 mM KCI. (C).
The sequence of the H2A and H4 histone tails. Positively charged Lys and Arg are
highlighted by larger blue font.
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Figure S8. Most frequent structural arrangement of screening DNA-DNA
repulsion between stacked nucleosomes in the NCP crystals. The 1KX5
structure (11) was used for illustration. (A). There are two areas where dsDNA
of the two stacked NCPs (NCP1 is green, NCP2 is sky blue) are close to each
other and in both cases the aC helices of the H2B histones (shown in orange)
are located between the DNA surfaces. (B). Structure of the DNA-DNA
contact shown in (A) on the left hand side. In addition to the H2B aC helix of
NCP2 which is close to the DNA of NCP1, N-terminal of the NCP2 H2A
histone (coloured yellow) screens the DNA of its own NCP. (C). Structure of
the DNA-DNA contact shown in (A) on the right hand side. The H2B aC
helix of NCP2, the histone tails of H2A (from NCP1, shown in yellow) and
H4 (from NCP2, dark green) take part in screening DNA-DNA repulsion. The
H2A (NCP1) and H4 (NCP2) tails interact with the DNA of its own NCP. In
all cartoons, side chain atoms of the amino acids belonging to the highlighted
histone domains are shown with atoms of positive lysine and arginine a.a.
coloured blue and polar a.a. in purple. Note, that only part of the atoms in the
histone tails of the 1KX5 structure has been assigned non-zero occupancies;
and atoms of many residues at the ends of the N-termini have high thermal
factors. Zero occupancy and/or high thermal factor both indicate dynamic
nature of the tails in the NCP crystals.
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I11. Supporting Tables

Table S1. Charged amino acids in the histone octamer, (H3/H4), tetramer, H2A/H2B
dimer, in the histone structured domain (core) and in the tails.

Histones Number of a. a. | Net charge (Lys, Arg; Asp, Glu) | Charge per a. a.
Octamer 974 +148 (+114,+106; —24,-48) +0.15
Tetramer (H3/H4), 474 +76 (+48,+64,—14,-22) +0.16
Dimer (H2A/H2B) 250 +36 (+33, +21, -5,-13) +0.14
Structured core 712 +52 (+46,+72; —22,-44) +0.073
Histone tails 262 196 (+68, +34, -2, —4) +0.37
H2A (1-20) 20 +8 (+4, +4; -0, —0) +0.40
H2A-C (117-128) 12 +4 (+5, +0; -0, 1) +0.33
H2B (1-33) 33 +13 (+12, +3; -1, -1) +0.39
H3 (1-43) 43 +14 (+8, +6; -0, —0) +0.33
H4 (1-23) 23 +9 (+5, +4; -0, —0) +0.39

Table S2. Basic information about published crystal structures with containing nucleosome
core particle.

Reso-

No PDB lution, DNA Histones Notes Refe-

code i rence

1 1A0I 2.8 146 bp, a-satellite X laevis (29)

. . Erythrocytes, G.
2 1EQZ 2.5 146 bp, palindromic alius (30)
H2A.Z, H. sapiens;
3 1F66 2.6 146 bp, palindromic | H2B, H3, X. laevis; (31
H4, M. musculus

4 11D3 3.1 146 bp, palindromic S. cerevisiae (32)
5 1KX3 2.0 146 bp, palindromic X laevis

6 1KX4 2.6 146 bp, palindromic X laevis (11)
7 IKX5 | 1.94 147 bp, palindromic X laevis
8 IM18 | 2.45 146 bp, palindromic X laevis

9 1IM19 | 2.30 146 bp, palindromic X. laevis (33)
10 | IMIA | 2.65 146 bp, palindromic X. laevis
11 1P34 2.7 146 bp, a-satellite X. laevis
12 1P3A 3.0 146 bp, a-satellite X laevis

13 1P3B 3.0 146 bp, a-satellite X laevis (34)
14 1P3F 2.9 146 bp, a-satellite X laevis
15 1P3G 2.7 146 bp, o-satellite X laevis
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16 1P31 2.3 146 bp, o-satellite X laevis
17 1P3K 2.9 146 bp, o-satellite X laevis
18 1P3L 2.4 146 bp, o-satellite X laevis
19 | 1P3M 2.9 146 bp, o-satellite X laevis
20 1P30 | 2.75 146 bp, a-satellite X laevis
21 1P3P 2.7 146 bp, a-satellite X laevis
22 1S32 2.05 146 bp, a-satellite X laevis (35)
H2B, H3, H4 M.
23 1U35 3.0 146 bp, a-satellite musculus;macroH2 (36)
A H. sapiens,
24 1ZBB | 9.0; 4-167-601 sequence X laevis tetrasome (25)
25 1ZLA | 2.9, 146 bp, a-satellite X. laevis LANA protein (37)
26 | 2CV5 2.5 146 bp, palindromic H. sapiens; (38)
H3, H4 X. laevis,
. H2B M. musculus;

27 | 2F8N 2.9 146 bp, a-satellite macroH2 A F. No ref

sapiens,
28 2FJ)7 3.2 Synthetic, 16 A/T bp X laevis (39)
29 [ 2NQB | 23 146 bp, o-satellite D. melanogaster No ref
30 | 2NZD | 2.65 145 bp, 601 X laevis (40)
31 | 2PYO | 243 147 bp, o-satellite D. melanogaster (41)
32 | 3A6N | 2.7 146 bp, synthetic H. sapiens testis specific H3 (42)
33 | 3AFA 2.5 146 bp, synthetic H. sapiens
34 | 3AN2 3.6 147 bp, synthetic H. sapiens CENP-A (43)
35 | 3AVI 2.5 146 bp, palindromic H. sapiens; (44)
36 | 3AV2 2.8 146 bp, palindromic H. sapiens;
37 |3AYW | 29 146 bp, synthetic H. sapiens H3K56Q
38 | 3AZE 3.0 146 bp, synthetic H. sapiens H3K64Q
39 | 3AZF 2.7 146 bp, synthetic H. sapiens H3K79Q
40 | 3AZG | 24 146 bp, synthetic H. sapiens H3K115Q
41 | 3AZH | 349 146 bp, synthetic H. sapiens H3K122Q
42 3AZI1 2.7 146 bp, synthetic H. sapiens H4K31Q (45)
43 3AZ) | 2.89 146 bp, synthetic H. sapiens H4K44Q
44 | 3AZK | 3.2 146 bp, synthetic H. sapiens H4K59Q
45 | 3AZL 2.7 146 bp, synthetic H. sapiens H4K77Q
46 | 3AZM | 2.89 146 bp, synthetic H. sapiens H4K79Q
47 | 3AZN 3.0 146 bp, synthetic H. sapiens H4K91Q
48 3B6F | 3.45 147 bp, palindromic X laevis cisplatin (46)
49 | 3B6G | 3.45 147 bp, palindromic X laevis oxaliplatin
50 | 3CIB 2.2 146 bp, a-satellite X laevis H3K79Me?2 47)
51 3C1C | 3.15 146 bp, a-satellite X laevis H4K20Me3
52 | 3KUY | 29 145 bp, 601 X. laevis (48)
53 | 3BKWQ | 3.15 146 bp, a-satellite X laevis H3K56Q (49)
54 | 3KXB 3.2 146 bp, a-satellite X laevis H3K56Q
55 | 3LEL | 295 | 7P csatellie X. laevis (50)
s6 | 3LIA | 275 | 17 'ifl’(’)gi ;itglhte’ X. laevis (51)
57 | 3LZ0 2.5 145 bp, 601 X laevis (52)
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58 | 3LZ1 2.5 145 bp, 601 X laevis
59 | 3MGP | 244 147 bp, o-satellite X laevis Co2+
60 | 3MGQ | 2.65 147 bp, o-satellite X laevis Ni2+ (53)
61 [ 3MGR | 2.30 147 bp, o-satellite X laevis Rb+
62 | 3MGS | 3.15 147 bp, a-satellite X laevis Cs+
63 |3MNN | 25 145 bp, palindromic X laevis Ru-agent (54)
64 |3MVD | 29 147 bp, 601 X laevis RCC1 (55)
65 3062 | 3.22 146 bp, synthetic X. laevis Pt-agent (56)
66 | 3REH 2.5 145 bp, a-satellite X. laevis
67 3REI | 2.65 145 bp, a-satellite X. laevis Pt-agent
68 3REJ | 2.55 146 bp, a-satellite X. laevis (57)
69 | 3REK | 2.6 146 bp, a-satellite X. laevis oxaliplatin
70 | 3REL 2.7 146 bp, a-satellite X. laevis Pt-complex
71 | 3TU4 3.0 147 bp, 601 X laevis Sir3 domain (58)
72 | 3UT9 22 147 bp, 601L X laevis
73 | 3UTA | 2.07 145 bp, o-satellite, X laevis TTAAA (59)
74 | 3UTB 2.2 146 bp, o-satellite X laevis
75 | 3W96 3.0 146 bp, palindromic H. sapiens gH2A
76 | 3W97 3.2 146 bp, palindromic H. sapiens gH2B (60)
77 | 3W98 | 3.42 146 bp, palindromic H. sapiens gH3
78 | 3W99 3.0 146 bp, palindromic H. sapiens gH4
79 | 3WA9 | 3.07 146 bp, palindromic H. sapiens H2A.Z1 1)
80 |3WAA | 32 146 bp, palindromic H. sapiens H2A.72
81 | 3WKJ | 2.8 145 bp, palindromic H. sapiens testis H2B (62)
82 3wtp 2.67 146 bp, palindromic H. sapiens CENP (63)
83 3xls 2.81 146 bp, synthetic H. sapiens;
H3, H4 H. sapiens; .
84 | 3x1t | 2.81 | 146 bp, synthetic HA HoB o | H2A, H2B testis
M. musculus,
musculus,
H2B, H3, H4 H. .
85 | 3xlu | 325 | 146 bp, synthetic | sapiens; H2A M. H2A testis M. | (64)
musculus,
musculus,
H2A, H3, H4 H. .
86 | 3xlv | 2.92 | 146 bp, synthetic | sapiens; H2B M. H2B testis M.
musculus,
musculus,
87 4J8U | 2.38 145 bp, synthetic X laevis Os-complex
88 4J8V | 2.58 145 bp, synthetic X laevis Ru-complex 65)
89 | 418W | 241 145 bp, synthetic X laevis Os-complex
90 4J8X | 2.87 145 bp, synthetic X laevis Ru-complex
91 4JIN 3.09 146 bp, synthetic S. cerevisiae Sir3 (66)
92 | 4KGC | 2.09 145 bp, synthetic X laevis Ru-complex (67)
93 | 4KUD 3.2 146 bp, synthetic S. cerevisiae Sir3 domain (68)
94 | 4LD9 | 3.31 146 bp, 601 X. laevis Sir3 domain (69)
H3, H4 H. sapiens;
95 | 4QLC 3.2 167 bp, 601 H2A, H2B D. chromatosome (70)
melanogaster
96 | 4R8P | 3.31 147 bp, 601 X laevis PRCI1 domain (71)
97 | 4wu8 | 245 145 bp, synthetic X laevis Pt-intercalator (72)




S16

98 | 4wu9 | 2.60 145 bp, synthetic X laevis Pt-intercalator
99 4x23 3.5 147 bp, 601 D. melanogaster CENP-C (73)
100 | 4xuyj 3.18 145 bp, synthetic X laevis Ru-complex (74)
101 | 4xzq 2.40 147 bp, o-satellite X laevis H3 K115Ac (75)
Pyrimidine-
102 | 4ym5 | 4.01 144 bp, a-satellite H. sapiens pyrimidine (6-4)
(76)
photoproduct
103 | 4ym6 | 3.51 145 bp, a-satellite H. sapiens
104 | 4ys3 3.00 147 bp, a-satellite X laevis (75)
105 | 47Z5T | 2.80 146 bp, a-satellite H. sapiens Testis H3.5 ()
. . Complex with
106 | 4zux 3.82 145 bp, a-satellite X. laevis SAGA DUB (78)
107 | 4266 2.50 147 bp, a-satellite X laevis (75)
108 | 5AVS5 | 240 147 bp, a-satellite
109 | 5AV6 | 2.20 147 bp, a-satellite
110 | 5AV8 | 2.20 147 bp, a-satellite .
111 | 5AV9 | 2.20 | 147 bp, a-satellite H. sapiens (79)
112 | SAVB | 240 147 bp, o-satellite
113 | SAVC | 240 147 bp, o-satellite
114 | Say8 2.80 146 bp, a-satellite H. sapiens H3.Y histone (80)
. . crotonylated H3
115 | 5bOy | 2.56 146 bp, a-satellite H. sapiens K122 @1
116 | 5b0z 1.99 146 bp, o-satellite H. sapiens
117 | Sbil | 235 | 146 bp, a-satellite M. Musculus Mouse testis
specific H3T (82)
118 | Sbim | 234 | 146bp, a-satellite | M. Musculus Histones from
mouse
119 | 5b24 | 3.60 | 145 bp, a-satellite H. sapiens Cyclobutane | - g5
pyrimidine dimer
120 | 5b2i 3.00 146 bp, a-satellite H. sapiens (84)
121 5b2j 2.60 146 bp, o-satellite H. sapiens Methylated DNA
122 | 5b31 2.20 146 bp, o-satellite H. sapiens H2A + H2A.Z
123 | 5b32 2.35 146 bp, o-satellite H. sapiens H2A + H2A.Z (85)
124 | 5b33 2.93 146 bp, a-satellite H. sapiens H2A.Z
Monoubiquiti-
125 | 5b40 3.33 146 bp, a-satellite H. sapiens nated H2B K120 (86)
and H4 K31
. . Adduct of
126 | Scpb 2.60 145 bp, synthetic X laevis anticancer drug (87)
127 | 5CPI 2.9 146 bp, 2 satellite H. sapiens
128 | 5CPJ | 3.15 146 bp, 2 satellite H. sapiens Methylated DNA (88)
129 | 5CPK 2.6 146 bp, 2 satellite H. sapiens Methylated DNA
130 | 5dnm | 2.81 145 bp, synthetic X laevis Ru(Il) complex
131 | Sdnn | 2.80 | 145 bp, synthetic X laevis Ru(D + Au() | (89)
complexes
132 | 5e5a 2.81 146 bp, a-satellite X laevis Cytomegaloylrus (90)
IE1 protein
133 | 599 2.63 147 bp MMTV-A X laevis (91)
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Overlapping
134 | Sgse 3.14 250 bp, synthetic H. sapiens hexasome and (92)
octasome
human testis-
135 | Sgsu 3.10 146 bp, a-satellite H. sapiens specific histone
hTh2b
human testis-
136 5gt0 2.82 146 bp, a-satellite H. sapiens specific histone (93)
hTh2a
human testis-
137 | 5gt3 2.91 146 bp, a-satellite H. sapiens specific histone
hTh2b
DMAP-SH
138 Sgtc 2.70 146 bp, a-satellite H. sapiens conjugate with (94)
LANA
. . H3.6 histone
139 | 5gxq | 2.85 146 bp, a-satellite H. sapiens variant (95)
H4 K20
140 | 5hq2 4.50 149 bp 601 X. laevis methyltransferase + | (96)
PR/SETO07
141 Sjrg 2.50 145 bp, synthetic H. sapiens a&ﬁ:ﬁ;ﬁfgfu:f’ 97
142 | Skef | 450 | 145 bp, synthetic X, laevis Eﬁiﬁg‘;‘;i 1 (98)
143 | Smlu | 2.80 145 bp 601 X. laevis sp(f&’nniﬂfﬁsvéfg (99)
197-bp palindromic . Complex with
144 | 5nl0 5.40 nglL H. sapiens linker I})ﬁstone Hi (100)
145 | 5x0x 3.97 167 bp, synthetic X laevis Complex with Snf2 (101)
146 | 5x0y | 4.69 167 bp, synthetic X laevis Complex with Snf2
147 | 5x7x 2.18 146 bp, a-satellite H. sapiens Human H3.3 (95)
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Table S3. Parameters of the DNA structure in the published NCP crystal structures. Values of radius, pitch, number of base pairs, average curvature

angle per bp and average superhelix rise per bp were calculated from the double DNA helix axis path of the central 129 bp of DNA.

No PDB | Length, | Contour Ct?l?é? raii}llls, pistf:{h, bp per Ang(ilsgile)esstep, SH rise/bp step, A C(ejggge i
code bp length, A turn - -
degrees A A mean | min/max mean min/max
1 1AOI 146 485.4 666 39.8 25.3 77.7 4.70 | 2.73/6.86 | 0.330 | —0.43/1.26 4.03
2 1EQZ 146 483.3 667 39.7 25.4 77.7 4.69 | 2.58/6.97 | 0.331 —0.40/1.22 4.96
3 1F66 146 487.5 666 39.9 25.5 77.7 4.70 | 2.72/7.95 | 0.333 | —0.70/1.09 7.72
4 11D3 146 488.6 665 40.1 25.9 77.7 4.69 | 2.53/7.27 | 0.338 | —0.69/1.03 3.29
5 1KX3 146 483.2 666 39.6 25.2 77.7 470 | 2.71/6.24 | 0329 | —0.54/1.33 4.09
6 1KX4 146 483.2 666 39.6 26.2 78.0 4.67 | 2.76/7.21 0.340 | —0.58/0.89 3.45
7 1KX5 147 483.9 667 39.7 24.9 78.6 4.64 | 2.73/6.68 | 0.321 —0.44/1.22 4.07
8 IM18 146 487.6 666 40.1 25.4 78.2 4.66 | 2.70/6.85 | 0329 | —0.42/1.41 8.09
9 IM19 146 487.3 667 40.1 25.3 78.2 4.67 | 2.80/6.47 | 0328 | —0.53/1.36 8.03
10 IMIA 146 486.7 664 39.9 25.6 78.2 4.66 | 2.12/6.64 | 0.331 —0.83/1.22 8.28
11 1P34 146 486.7 666 39.9 25.2 77.6 470 | 2.83/6.07 | 0.329 | —0.59/1.29 8.35
12 1P3A 146 485.0 666 39.8 25.1 77.7 470 | 2.67/6.34 | 0327 | —0.45/1.44 8.23
13 1P3B 146 485.4 666 39.7 25.1 77.6 470 | 2.65/6.81 0.328 | —0.52/1.50 8.08
14 1P3F 146 484.5 666 39.6 25.1 77.6 470 | 2.65/6.71 0.327 | —-0.64/1.40 8.21
15 1P3G 146 486.4 666 39.8 25.1 77.6 470 | 2.69/6.37 | 0327 | —0.49/1.27 8.21
16 1P31 146 487.2 666 39.9 25.2 77.6 470 | 2.76/6.58 | 0.329 | —0.46/1.34 8.31
17 1P3K 146 484 .4 667 39.7 25.0 77.7 4.69 | 2.85/6.41 0.325 | -0.35/1.33 8.17
18 1P3L 146 487.4 666 40.0 25.0 77.7 4.69 | 2.62/7.13 | 0326 | —0.46/1.25 8.26
19 1P3M 146 487.4 666 40.0 25.0 77.7 4.69 | 2.81/6.87 | 0326 | —0.40/1.13 8.24
20 1P30 146 485.0 666 39.8 25.0 77.7 4.70 | 2.77/6.53 | 0327 | —0.47/1.38 8.26
21 1P3P 146 484.9 666 39.8 25.0 77.7 470 | 2.76/6.54 | 0326 | —0.39/1.34 8.24
22 1S32 146 487.2 666 40.0 24.7 77.6 4.70 | 2.46/7.48 | 0.323 | —0.63/1.39 8.13
23 1U35 145 484.7 666 39.8 25.6 77.47 471 | 2.73/7.22 | 0334 | —0.53/1.06 7. 60
24 1ZBB 150 495.0 674 39.6 24.9 78.6 4.64 | 2.49/6.64 | 0.321 —1.04/1.25 4.41
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144 476.2 657 39.6 24.9 78.6 4.64 | 2.45/6.66 | 0321 —0.54/1.28 5.66
25 1ZLA 146 486.8 667 39.8 25.1 77.6 470 | 2.92/7.40 | 0327 | —0.50/1.48 8.16
26 2CV5 146 483.7 667 39.7 26.0 77.8 4.69 | 2.52/6.62 | 0338 | —0.40/0.96 3.62
27 2F8N 145 485.3 665 39.8 25.6 77.6 470 | 2.38/7.35 | 0.335 | —0.42/1.26 7.92
28 2F)7 147 486.5 666 39.6 25.2 78.6 4.64 | 2.61/6.80 | 0325 | —0.75/1.40 4.15
29 2NQB 146 486.9 665 39.9 254 77.6 4.70 | 1.73/7.31 0.332 | -0.57/1.35 4.26
30 2NZD 145 485.5 665 39.8 25.0 76.9 4.74 | 2.42/6.81 0.330 | —0.46/1.09 3.86
31 2PYO 147 483.7 666 39.7 25.1 78.5 4.64 | 2.74/6.58 | 0323 | -0.41/1.21 4.14
32 3A6N 145 481.4 665 39.6 25.5 77.9 4.68 | 2.72/6.82 | 0.331 —0.55/1.19 3.60
33 3AFA 146 483.5 667 39.8 25.7 78.0 4.68 | 2.31/6.39 | 0334 | -0.42/1.19 3.57
34 3AN2 121 407.4 580 39.6 259 77.9 4.68 | 2.72/7.51 0.337 | —0.56/1.09 5.16
35 3AVI 146 484.6 667 39.9 25.6 78.0 4.68 | 2.34/6.42 | 0333 | —0.39/1.09 3.61
36 3AV2 146 485.4 667 39.9 25.8 77.9 4.68 | 2.31/6.58 | 0335 | —0.45/1.11 3.58
37 | 3AYW 142 475.3 657 39.9 25.5 77.9 468 | 1.49/7.64 | 0332 | —0.52/1.38 3.53
38 3AZE 145 483.8 664 39.8 254 77.8 4.68 | 2.19/8.79 | 0.331 —0.47/1.02 3.65
39 3AZF 145 484.5 666 39.8 25.6 77.9 4.68 | 2.86/8.66 | 0.333 | —0.87/1.30 3.66
40 3AZG 145 484.6 665 39.9 25.5 77.9 4.68 | 2.73/6.62 | 0.332 | —0.39/1.29 3.69
41 3AZH 145 485.2 664 40.0 25.7 77.9 4.68 | 2.48/6.66 | 0.334 | —0.85/1.30 3.68
42 3AZI 145 486.3 666 40.0 25.5 77.8 469 | 1.87/8.32 | 0333 | —0.51/1.10 3.61
43 3AZ) 145 483.6 665 39.8 25.5 78.0 4.68 | 2.39/6.54 | 0332 | —0.53/1.20 3.66
44 3AZK 145 484.3 666 39.9 25.6 77.9 4.68 | 2.45/7.56 | 0333 | —0.42/1.18 3.67
45 3AZL 145 484.2 665 39.9 25.4 78.0 4.68 | 2.76/6.59 0.33 —0.49/1.09 3.64
46 3AZM 145 483.7 666 39.7 25.5 77.8 4.69 | 2.08/6.95 | 0332 | —0.51/1.23 3.60
47 3AZN 145 484.8 665 39.9 25.7 77.9 4.68 | 2.51/6.41 0334 | —0.42/1.21 3.71
48 3B6F 147 491.3 667 40.1 253 78.5 4.64 | 2.42/7.66 | 0327 | —0.66/1.28 4.18
49 3B6G 147 486.9 666 39.8 253 78.6 4.64 | 2.61/7.63 | 0324 | —1.24/1.38 4.09
50 3C1B 146 485.4 665 39.8 25.2 77.7 4.69 | 2.29/7.21 0.328 | —0.68/1.32 4.23
51 3C1C 146 490.0 666 40.1 25.4 77.7 470 | 1.34/7.26 | 0.331 —0.44/1.46 4.40
52 3KUY 145 486.3 666 39.9 25.4 77.0 475 | 2.82/8.62 | 0335 | —0.43/1.19 3.81
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53 3KWQ 146 486.8 666 40.0 25.1 77.7 4.69 | 2.56/7.09 | 0327 | —-0.50/1.29 4.08
54 3KXB 146 487.0 666 40.0 25.1 77.7 4.69 | 2.65/7.02 | 0327 | —0.48/1.23 3.95
55 ALEL 147 488.5 667 40.0 25.5 78.8 4.63 | 2.56/6.49 | 0327 | -0.52/1.18 3.93

147 489.2 666 39.9 25.2 78.7 4.63 | 2.58/7.36 | 0324 | —0.81/1.05 5.61
56 3LJA 147 486.5 667 39.9 25.0 78.5 4.64 | 2.80/6.52 | 0322 | -0.39/1.21 4.19
57 3LZ0 145 484.3 664 39.9 25.5 77.9 4.68 | 2.50/6.97 | 0.331 —0.37/0.94 3.32
58 3LZ1 145 485.3 665 40.0 25.3 77.9 4.68 | 2.55/8.29 | 0.329 | —0.58/0.94 3.41
59 IMGP 147 490.7 672 39.7 25.4 77.8 4.69 | 1.92/7.05 | 0.331 —1.57/2.55 4.08

147 491.3 672 39.7 253 77.6 4.70 | 1.93/7.61 0.330 | -1.57/1.69 4.09
60 3MGQ 147 490.6 671 39.8 25.6 77.9 4.68 | 2.19/7.30 | 0333 | —1.59/2.06 4.14

147 491.6 673 39.8 254 77.6 470 | 2.19/798 | 0332 | —-1.56/1.39 4.16
61 3MGR 147 484.8 667 39.8 25.0 78.6 4.64 | 2.80/6.10 | 0.323 | —0.37/1.05 4.07
62 3MGS 147 485.8 667 39.9 25.1 78.6 4.64 | 2.87/6.26 | 0323 | —0.37/1.02 4.07
63 3MNN 145 485.7 666 39.9 25.3 76.8 475 | 2.74/7.23 | 0.334 | —0.54/1.19 3.81
64 | 3MVD 146 484.2 669 39.7 25.9 78.3 4.66 | 2.61/6.55 | 0336 | —0.45/1.47 3.40
65 3062 146 495.3 673 39.8 25.1 76.4 4.77 | 2.08/9.67 | 0333 | -1.21/1.90 3.97
66 3REH 145 485.7 665 39.9 24.8 76.9 4.74 | 2.50/6.91 0.327 | -0.49/1.14 3.85
67 3REI 145 486.2 665 39.9 24.7 76.9 474 | 2.43/6.83 | 0325 | —0.43/1.19 3.85
68 3REJ 146 484.1 666 39.7 25.9 78.0 4.68 | 2.56/6.84 | 0.336 | —0.54/1.07 3.53
69 3REK 146 483.2 666 39.6 26.0 78.0 4.68 | 2.56/6.85 | 0.337 | —0.43/1.05 3.53
70 3REL 146 483.6 669 39.7 259 78.0 4.68 | 2.40/6.74 | 0336 | —0.39/0.97 3.47
71 3TU4 146 487.1 669 39.8 25.3 78.0 4.68 | 2.85/6.12 | 0329 | -0.59/1.77 3.37
72 3UT9 145 483.3 665 39.8 25.6 78.0 4.67 | 2.55/6.81 0.332 | -0.30/0.82 3.39
73 3UTA 145 483. 6 665 39.8 25.4 77.4 471 | 2.79/7.29 | 0332 | -0.27/1.02 3.74
74 3UTB 146 483.3 666 39.7 25.8 78.0 4.68 | 2.74/6.17 | 0.335 | —0.29/0.90 3.52
75 3W96 145 483.5 666 39.8 25.7 77.9 4.68 | 2.67/6.75 | 0334 | —0.39/1.16 3.43
76 3W97 146 488.5 667 40.1 25.8 77.8 4.68 | 2.39/6.33 | 0335 | —0.59/1.05 3.42
77 3W98 145 482.6 665 39.8 25.7 78.0 4.68 | 2.67/6.66 | 0334 | —0.40/1.07 3.51
78 3W99 145 482.9 665 39.8 25.5 77.9 4.68 | 2.49/7.26 | 0332 | —0.33/1.12 3.50
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79 3WA9 146 485.0 667 39.8 253 77.9 4.68 | 1.87/6.71 0.33 —0.60/1.19 3.22
80 | 3IWAA 146 484.0 666 39.8 25.5 77.8 4.69 | 0.74/6.75 | 0.332 | -0.51/1.14 3.13
81 3WKIJ 145 484.8 665 40.0 25.5 78.0 4.68 | 2.77/6.32 | 0.331 —0.45/1.13 3.39
82 3wtp 146 483.4 671 39.6 259 77.9 4.68 | 2.61/598 | 0337 | —0.36/0.95 3.51
83 3x1s 146 486.6 666 39.9 25.5 77.8 4.69 | 0.87/7.31 0.332 | —0.90/1.71 3.50
84 3x1t 146 484.7 667 39.9 25.5 77.9 4.68 | 1.91/6.95 | 0.332 | —0.45/1.22 3.33
85 3xlu 146 485.5 668 39.9 25.4 77.8 4.69 | 2.13/7.04 | 0330 | —0.39/0.99 3.41
86 3x1lv 146 485.5 669 39.8 253 77.9 4.68 | 2.08/6.39 | 0.328 | —0.32/0.96 3.45
87 4J8U 145 486.8 665 40.0 25.0 76.9 475 | 2.66/6.53 | 0330 | —0.43/1.11 3.87
88 4J8V 145 487.4 665 40.1 24.8 76.9 474 | 2.56/6.74 | 0327 | —0.42/1.09 3.87
89 4J8W 145 487.1 665 40.0 24.8 76.9 4.74 | 2.60/6.62 | 0.327 | —0.48/1.01 3.89
90 4J8X 145 485.3 665 39.9 25.1 76.9 4.74 | 2.50/8.05 | 0.331 —0.41/1.17 3.83
91 4JJN 146 488.0 670 39.8 25.6 78.0 4.68 | 2.85/6.96 | 0332 | —0.43/1.11 2.81
92 4KGC 145 483.9 665 39.9 25.4 77.9 4.68 | 2.65/7.04 | 0.331 —0.37/1.04 3.35
93 4KUD 146 485.6 667 39.8 26.3 77.8 4.69 | 2.74/6.62 | 0342 | —0.37/0.85 3.48
94 4L.D9 141 472.9 653 39.9 253 77.9 4.68 | 2.98/7.47 | 0329 | —0.44/1.08 3.63
95 4QLC 165 550.0 700 39.9 27.0 78.0 4.68 | 0.59/6.99 | 0350 | -1.07/1.17 3.54
96 4R8P 144 481.8 664 39.8 26.1 78.0 4.67 | 2.33/7.10 | 0.339 | —0.33/0.88 2.96
97 4wul 145 486.1 666 39.9 25.2 76.8 475 | 2.33/9.56 | 0332 | —0.58/1.08 3.75
98 4wu9 145 486.7 665 39.9 25.2 76.8 475 | 2.44/936 | 0332 | -0.49/1.12 3.81
99 4x23 146 486.9 670 39.8 25.7 78.3 4.66 | 2.95/6.69 | 0333 | —0.57/1.05 342

146 487.9 671 39.8 25.8 78.3 4.66 | 2.85/7.00 | 0.334 | —0.58/1.06 3.41
100 4xuj 145 484.8 665 39.8 25.0 76.9 475 | 2.42/6.93 | 0.329 | —0.57/1.06 3.81
101 4xzq 147 485.6 667 39.9 25.0 78.6 4.64 | 2.88/6.70 | 0322 | —-0.37/1.17 4.12
102 | 4ymS5 143 486.6 665 40.3 25.6 77.1 473 | 2.45/11.18 | 0.337 | —0.32/0.85 2.38
103 4ym6 144 488.3 667 40.3 25.8 77.2 4.73 | 2.65/9.40 | 0339 | —0.34/1.32 2.45
104 4ys3 147 487.3 667 40.0 25.0 78.6 4.64 | 2.88/6.53 | 0322 | —-0.47/1.18 4.12
105 4z5t 146 485.6 668 39.9 25.8 77.8 4.69 | 2.29/7.53 | 0.335 | —-0.39/0.90 3.33
106 4266 147 486.0 667 39.9 25.1 78.6 4.64 | 2.74/6.73 | 0.323 | —0.32/1.13 4.17
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107 Apux 145 488.8 668 40.0 26.0 77.9 4.68 | 2.67/7.78 | 0338 | —0.51/1.00 3.47

145 488.5 668 40.0 26.2 77.9 4.68 | 2.79/7.14 0.34 -0.77/1.13 4.95
108 Sav5 147 486.5 667 39.9 25.2 78.5 4.64 | 2.74/6.29 | 0325 | —0.48/1.02 4.03
109 S5av6 147 485.4 667 39.9 25.3 78.5 4.65 | 2.71/6.54 | 0.327 | —0.47/1.02 3.98
110 Sav8 147 485.1 667 39.9 25.3 78.5 4.65 | 2.64/6.33 | 0327 | —0.46/1.00 4.00
111 5av9 147 485.3 667 39.9 25.3 78.5 4.65 | 2.70/6.72 | 0.326 | —0.47/1.02 4.00
112 Savb 147 486.1 667 39.9 25.2 78.5 4.65 | 2.66/6.15 | 0.325 | —0.44/1.02 4.02
113 Save 147 486.8 667 40.0 25.2 78.5 4.65 | 2.76/6.43 | 0.325 | —0.50/1.02 4.03
114 Say8 145 485.0 667 39.9 25.9 78.2 4.67 | 2.19/6.89 | 0.336 | —0.58/1.25 3.81
115 5b0y 146 484.2 668 39.7 25.9 77.9 4.68 | 2.56/6.44 | 0.337 | —0.49/0.88 3.46
116 5b0z 146 485.1 667 39.8 25.4 77.9 4.68 | 2.46/6.24 | 0.330 | —0.38/0.89 3.52
117 5bll 144 477.9 665 39.6 25.7 77.8 4.69 | 2.57/6.12 | 0.335 | —0.45/1.03 3.50
118 5blm 146 484.9 667 39.6 25.4 77.9 4.68 | 2.46/595 | 0330 | —1.02/0.86 3.57
119 5b24 144 481.8 666 39.9 25.5 77.0 474 | 2.55/11.72 | 0.335 | —0.29/0.93 2.55
120 5b2i 146 488.8 666 40.1 25.6 77.5 4.71 | 2.56/6.62 | 0.334 | —0.55/0.85 4.08
121 5b2j 142 487.1 666 40.1 25.5 75.5 4.83 | 2.37/7.13 | 0343 | —0.48/0.91 4.16
122 5b31 146 483.0 667 39.8 25.6 77.9 4.68 | 1.55/6.68 | 0.333 | —0.57/1.12 3.33
123 5b32 146 483.5 668 39.6 25.3 77.8 4.69 | 2.06/7.29 | 0329 | —0.46/1.00 3.35
124 5b33 146 486.4 667 39.9 25.5 77.9 4.68 | 1.24/7.12 | 0.332 | —0.66/1.00 3.17
125 5b40 146 490.3 670 40.1 25.5 78.0 4.68 | 2.86/7.14 | 0.331 —0.44/0.86 3.52
126 5cp6 145 485.9 666 39.9 25.2 76.8 475 | 2.59/7.39 | 0.333 | -0.70/1.15 3.64
127 5CPI 146 485.3 668 39.9 25.6 78.0 4.67 | 1.86/7.74 | 0333 | —0.74/1.16 3.44
128 5CPJ 146 491.7 667 40.1 25.4 78.0 4.68 | 0.94/6.67 | 0330 | —0.68/1.04 342
129 | 5CPK 145 488.0 666 40.2 26.0 77.8 4.69 | 2.57/7.35 | 0.339 | —0.60/1.09 342
130 5dnm 145 486.1 665 40.0 25.3 76.8 475 | 2.67/7.31 0.334 | -0.53/1.20 3.80
131 Sdnn 145 485.6 665 39.9 25.4 76.8 475 | 2.69/7.25 | 0.334 | —0.54/1.18 3.79
132 SeSa 146 483.3 666 39.7 25.4 78.2 4.66 | 2.85/6.48 | 0329 | —0.46/1.22 3.91
133 5199 147 489.0 667 39.9 25.5 78.6 4.64 | 2.25/6.65 | 0329 | —0.51/1.09 3.76
134 Sgse Unusual structure
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135 Sgsu 146 485.1 667 40.0 25.6 77.9 4.68 | 2.23/6.86 | 0.332 | —-0.31/1.10 3.23
136 5gt0 146 484.4 668 39.7 25.9 77.8 4.68 | 2.37/6.80 | 0336 | —0.40/1.09 3.46
137 5gt3 146 487.7 666 40.2 25.6 78.0 4.68 | 1.27/6.62 | 0.332 | —0.38/1.13 3.37
138 Sgtc 146 484.8 667 39.9 25.5 77.9 4.68 | 2.13/7.08 | 0332 | —0.42/1.05 3.40
139 5gxq 146 490.9 667 39.9 25.5 78.0 4.68 | 0.29/8.13 | 0.331 | —2.12/1.96 3.40
140 5hq2 Incomplete NCP

141 Sjrg 143 480.3 663 39.7 25.6 76.5 4.77 | 2.50/8.57 | 0.339 | —0.42/1.19 3.23
142 Skgf 145 484.3 664 39.9 25.5 77.9 4.68 | 2.49/6.97 | 0331 | —0.37/0.94 3.38
143 Smlu 145 482.1 664 39.8 25.1 77.9 4.68 | 2.69/6.63 | 0326 | —0.46/0.92 3.53
144 5nl0 193 647.4 725 39.8 25.6 78.0 4.67 | 0.56/6.82 | 0.333 | —0.79/0.82 3.44
145 5x0x 146 492.2 666 40.3 27.3 78.1 4.67 | 2.38/7.59 | 0354 | —-1.09/1.19 3.49
146 5x0y 146 491.7 669 40.2 27.5 78.2 4.67 | 2.59/6.45 | 0356 | —0.64/1.55 3.23
147 5x7x 145 483.4 668 39.6 26.1 77.8 4.69 | 2.54/6.41 | 0340 | —0.75/0.99 3.69




Table S4. Parameters of the NCP-NCP contact in the published crystal structures.
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Values that are outside typical range of NCP-NCP stacking are highlighted in bold; lower values

are in plain bold, higher ones are in italic bold.

. Axis-axis NCP- Tilt . Shift
No PDB Distance, direction, | NCP tilt, | direction, Shift, angle, Rise, A Refe-
code A A rence
degrees degrees | degrees degrees
1 1AOI 67.78 179.7 13.1 11.2 41.07 -97.3 -53.92 (29)
2 1EQZ 72.03 179.2 20.1 13.0 47.44 —66.7 54.21 (30)
3 1F66 67.86 179.8 14.2 5.8 38.84 -87.3 55.64 (31)
4 11D3 57.05 —180.0 11.2 177.8 14.12 80.0 —55.28 (32)
5 1KX3 67.39 179.6 13.0 15.2 41.12 -97.0 -53.38
6 1KX4 66.42 -179.1 14.2 139.6 42.03 95.3 51.43 (11)
7 1KX5 67.42 179.7 12.7 12.4 40.93 -96.8 -53.58
8 1IM18 68.08 179.8 13.9 5.7 39.25 -89.2 55.63
9 1IM19 68.04 179.8 11.9 7.1 42.18 | -106.1 —53.39 (33)
10 | IMIA 67.82 179.9 5.8 32.1 3827 | -100.8 55.99
11 1P34 68.11 179.8 15.5 5.5 42.58 | -108.5 -53.16
12 | 1P3A 67.89 179.7 16.0 8.6 4279 | -107.9 —52.71
13 1P3B 67.84 179.8 14.7 5.6 38.92 -88.4 55.57
14 1P3F 67.85 179.8 15.3 5.0 39.01 —88.0 55.51
15 1P3G 68.13 179.7 15.4 9.0 38.65 -87.7 56.11
16 1P31 68.10 179.8 14.6 4.6 39.31 —88.7 55.61 (34)
17 | 1P3K 67.79 179.8 15.2 5.6 42.15 | -107.8 -53.09
18 1P3L 67.90 179.7 14.7 7.7 42,53 | 1074 -52.93
19 | 1P3M 67.83 179.7 15.1 7.5 4249 | -107.9 —52.88
20 | 1P30O 68.01 179.6 15.9 10.1 43.08 | -107.8 —52.63
21 1P3P 67.86 179.8 15.2 6.4 4245 | -107.9 -52.95
22 1S32 67.62 179.8 15.1 5.7 4193 | -108.6 -53.05 (35)
23 1U35 68.17 179.9 5.4 59.8 4297 | -103.1 -52.92 (36)
24 | 1ZBB 58.36 -25.4 6.1 -14.8 18.68 68.1 55.29 (25)
25 | 1ZLA 67.99 179.9 15.1 1.6 42.14 | -108.5 -52.92 (37)
26 | 2CV5 66.74 179.6 10.2 -29.1 36.72 -95.3 -53.36 (38)
27 | 2F8N 67.99 179.9 4.1 58.3 4231 | -104.2 -53.23 Ir\g;
28 2FJ7 67.23 -179.7 9.3 156.1 40.90 95.0 53.37 (39)
29 | 2NQB 67.46 179.8 14.5 6.9 39.49 -77.0 54.70 Iri(;
30 | 2NZD 67.44 179.7 13.5 9.1 38.82 -78.9 55.15 (40)
31 | 2PYO 67.45 179.5 13.4 18.1 41.78 -97.7 -52.95 (41)
32 | 3A6N 67.42 179.6 14.6 13.8 38.62 -76.8 55.26 (42)
33 | 3AFA 67.39 179.5 14.8 15.0 38.46 -76.4 55.34
34 | 3AN2 65.84 0.0 0.0 -175.0 | 36.22 91.1 53.11 (43)
35 | 3AV1 67.55 179.6 14.4 14.1 38.73 -77.1 55.35 (44)
36 | 3AV2 67.47 179.6 14.6 13.7 38.62 -76.7 55.32
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37 | 3AYW 67.40 179.6 15.0 13.0 38.73 —76.4 55.16

38 | 3AZE 67.32 179.9 9.7 9.9 38.94 —80.9 54.91

39 | 3AZF 67.62 179.6 14.5 13.3 38.80 —77.2 55.37

40 | 3AZG 67.65 179.5 14.9 14.3 38.76 —=76.7 55.44

41 | 3AZH 67.57 179.5 14.7 16.5 38.43 —76.8 55.57

42 | 3AZI 67.42 179.9 9.7 8.6 39.13 —81.0 54.90 (45)

43 | 3AZ]) 67.43 179.4 15.1 17.1 38.29 —76.4 55.50

44 | 3AZK 67.50 179.5 14.2 15.6 38.59 =77.2 55.39

45 | 3AZL 67.59 179.5 14.8 14.5 38.73 —-76.8 55.39

46 | 3AZM 67.03 179.9 9.3 8.2 38.96 —81.5 54.54

47 | 3AZN 67.60 179.5 14.9 15.3 38.62 —76.7 55.49

48 | 3B6F 67.08 179.5 12.5 23.58 36.98 -79.9 55.96 (46)

49 | 3B6G 67.28 179.5 12.6 23.3 37.15 —79.8 56.10

50 | 3C1B 67.56 179.6 15.9 10.0 39.17 —75.8 55.05 @7)

51 | 3CIC 67.86 179.8 14.8 4.4 40.12 —77.0 54.72

52 | 3KUY 67.41 179.9 11.9 6.5 39.19 —80.1 54.85 (48)

53 | 3KWQ 67.34 179.8 13.1 6.0 39.39 —77.3 54.61 (49)

54 | 3KXB 67.13 179.9 13.1 54 39.16 —77.1 54.53

55 | 3LEL 55.80 —178.8 8.0 7.3 19.47 -56.3 52.29 (50)

56 | 3LJA 67.64 179.7 12.3 11.9 38.89 —80.0 55.34 (51)

57 | 3LZ0 67.40 —-179.8 7.7 155.1 37.83 83.9 —55.78 (52)

58 | 3LZ1 67.39 -179.8 7.7 156.1 37.89 83.8 —55.73

59 | 3MGP 67.71 179.2 17.3 17.9 38.53 —72.8 55.68

60 | 3MGQ 67.56 179.3 16.5 18.2 38.44 -73.4 55.55 (53)

61 | 3MGR 67.57 179.7 12.2 12.5 38.77 —80.2 55.35

62 | 3MGS 67.58 179.7 12.1 12.1 38.83 —80.3 55.31

63 | 3MNN 67.57 179.9 11.9 4.2 39.48 —80.3 54.83 (54)
100.27 160.4 23.2 79.8 93.01 | —-123.5 —35.41

64 | SMVD 102.68 0.0 0.0 92.6 21.12 92.5 —100.49 (53)

65 | 3062 67.33 179.8 10.3 11.0 38.76 -79.9 55.06 (56)

66 | 3REH 67.53 179.7 13.5 10.6 38.66 -78.9 55.37

67 | 3REI 67.52 179.7 13.1 11.8 38.61 —79.2 55.39

68 | 3REJ 66.48 -179.2 13.5 144.7 33.29 82.5 —57.54 (57)

69 | 3REK 66.41 -179.3 12.9 145.3 33.30 82.6 —57.46

70 | 3REL 66.55 —179.2 13.5 143.6 33.09 82.3 =57.73

71 | 3TU4 95.84 58.2 14.9 61.8 1.79 —-157.8 95.83 (58)

72 | 3UT9 67.43 179.9 8.0 15.7 38.53 —83.8 55.34

73 | 3UTA 67.66 179.7 12.6 11.9 38.77 —80.3 55.45 (59)

74 | 3UTB 66.35 —179.2 13.1 134.2 33.33 82.6 -57.37

75 | 3W96 67.38 179.9 9.2 10.4 39.06 —80.9 54.90

76 | 3W97 67.89 179.9 9.4 9.2 39.73 —80.9 55.05 (60)

77 | 3W98 67.42 179.9 9.8 9.2 39.20 —80.5 54.86

78 | 3W99 67.36 179.8 10.2 14.6 38.70 -79.8 55.13

79 | 3WA9 67.06 179.4 14.8 18.1 37.73 —75.2 55.44 ©61)

80 | 3WAA 67.35 179.4 14.8 17.6 37.97 —75.2 55.62
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81 | 3WKJ | 67.75 179.5 13.3 19.9 | 3811 | -79.0 56.02 | (62)
82 | 3wtp | 6626 ~179.7 10.6 2209 | 4077 | —81.8 5223 | (63)
83 | 3xls | 6737 179.8 10.5 142 | 38.66 | —80.1 55.18
84 | 3xIt | 67.39 179.5 14.4 146 | 3854 | —76.0 5529 | o
85 | 3xlu | 67.22 179.9 9.8 102 | 3890 | —802 54.82
86 | 3xlv | 67.04 179.5 12.8 207 | 3788 | -792 5531
87 | 418U | 67.61 179.7 12.6 122 | 3872 | -795 55.43
88 | 418V | 67.62 179.6 12.9 142 | 3858 | —79.4 5554 | o5y
89 | 4J8W | 67.58 179.7 12.8 13.0 | 3871 | -795 55.40
90 | 418X | 67.56 179.7 12.8 145 | 3846 | -795 55.55
o1 | 4JJN | 95.86 58.4 13.7 640 | 2.06 | —117.8 | 9582 | (66)
92 | 4KGC | 67.58 179.5 12.9 219 | 3775 | -7195 56.05 | (67)
93 | 4KUD | 93.72 577 23.6 153.1 | 2016 | 323 9152 | (68)
04 | 4LD9 | 93.22 573 27.0 1632 | 2249 | 28 9047 | (69)
97.56 121.6 789 | —1425 | 9736 | 94 6.35
95 | 4QLC T3 166.9 855 | 1022 | 1094 | —608 | —76.46 | 9
96 | 4R8P | 10117 74.9 29 “1426 | 3019 | 1321 | 9656 | (71)
97 | 4wu8 | 67.43 179.8 11.8 0.1 3893 | —80.1 5505 |
98 | 4wu9 | 67.17 179.9 9.8 58 | 3895 | -818 54.72
54,16 173.1 05 109.0 | 1639 | —4.6 51.62
991 #2309 7.8 15.9 172 | 2016 | —67.6 | —s576 |
100 | 4xuj 67.56 179.7 12,5 13.6 | 3862 | -795 5543 | (74)
101 | 4xzq | 6734 179.7 123 13.6 | 40.78 | —965 | -53.59 | (75)
102 | 4ym5 | 67.10 179.4 12.1 325 | 3635 | -792 5640_| e
103 | 4ym6 | 66.95 179.1 73 1258 | 35.68 | —92.6 56.65
104 | 4ys3 | 67.40 179.7 12.3 127 | 4072 | —962 | —-53.70 | (75)
105 | 47Z5T | 67.17 ~180.0 48 1771 | 39.07 | 87.8 5463 | (17)
106 | 4266 | 67.42 179.7 12.7 128 | 40.86 | 968 | -53.63 | (75)
95.46 180.0 23.9 290.1 | 3748 | —269 87.80
107 dzux 4001 —92.3 80.2 1712 | 9186 | —1065 | 3474 | ¥
108 | 5AV5 | 67.69 179.6 12.8 155 | 3842 | -794 5573
109 | 5AV6 | 67.71 179.8 11.8 117 | 3884 | —803 55.46
110 | 5AV8 | 67.63 179.7 11.9 124 | 3870 | —802 5546 | 20,
111] 5AV9 | 67.60 179.7 11.9 120 | 3877 | —802 55.37
112 5AVB | 67.66 179.6 13.0 157 | 3831 | -792 55.77
113 | 5AVC | 67.78 179.6 12.8 148 | 3858 | —-795 5573
114 | 5ay8 | 5418 180.0 135 04 | 2164 | —496 4967 | (80)
115| 5b0y | 67.00 ~179.9 9.2 Z118 | 4038 | —82.0 53461 o)
116 5b0z | 66.84 179.2 13.9 306 | 3649 | —79.0 56.00
117 5bll | 66.74 ~179.9 9.03 2107 | 40.68 | —83.1 291 1 o)
118] 5blm | 66.85 179.2 14.0 301 | 36.90 | —792 55.74
119 5b24 | 67.07 179.7 8.8 257 | 3759 | —837 5555 | (83)
120 5b2i | 67.38 179.8 8.7 152 | 3872 | —837 5514 1 o
121] 5b2] 67.48 179.9 1.2 41 3940 | —813 54.79
122 5b31 | 6731 179.5 14.7 167 | 38.10 | —75.6 5549 | (85)
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123 | 5b32 66.17 -179.9 10.1 =53 40.60 —81.2 52.25

124 | 5b33 67.21 179.4 15.4 17.0 37.80 -74.5 55.57

125 | 5b40 62.07 120.4 19.3 56.0 11.14 | -106.5 —61.06 (86)
126 | 5cpb6 67.29 179.7 11.6 14.3 38.26 —-80.0 55.35 (87)
127 | 5CPI 67.30 179.6 12.2 18.2 38.13 —78.6 55.46

128 | 5CPJ 66.80 179.4 13.2 27.7 36941 -78.1 56.00 (88)
129 | 5CPK 66.82 179.5 10.9 35.6 41.55 —94.7 —52.33

130 | S5dnm 67.59 179.6 12.5 17.3 38.21 —79.8 55.75 (89)
131 | Sdnn 67.65 179.6 12.6 18.5 38.10 -79.7 55.91

132 | 5e5a 67.53 179.9 13.2 3.9 39.93 —78.2 54.46 (90)
133 | 5199 67.73 179.9 7.6 13.7 39.57 —83.3 54.97 91
134 | Sgse Unusual structure (92)
135 | Sgsu 67.69 179.3 15.7 19.2 38.40 —74.7 55.74

136 | 5gt0 67.08 -179.9 9.5 7.8 38.60 | 943 —54.87 (93)
137 | 5gt3 67.85 179.3 15.3 20.1 38.29 -75.3 56.01

138 | Sgtc 67.32 179.9 9.3 5.7 39.49 —81.3 54.52 (94)
139 | S5gxq 67.53 179.4 15.1 18.4 38.13 —75.8 55.73 95)
140 | 5hqg2 No stacking. Incomplete NCP (96)
141 | Sjrg 66.62 -179.9 ‘ 4.2 ‘ 155.8 | 37.60 | —89.8 55.00 (97)
142 | Skgf Cryo-EM. Single molecule (98)
143 | Smlu 67.24 -179.7 8.7 141.5 36.63 84.2 —56.39 (99)
144 | 5nl0 61.73 0.0 0.0 —69.0 21.55 92.7 57.84 (100)
145 | 5x0x Cryo-EM. Single molecule (101)
146 | 5x0y Cryo-EM. Single molecule

147 | 5x7x | 66.39 -1798 | 84 | -196 | 4054 ] -83. 52.57 | (95)
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Table S5. Summary of availability, location and participation of the histone tails in NCP-NCP stacking from the literature data reporting NCP
structures. This table take into account H4 and H2A considering that these full-length tails contain respectively 23 and 20 amino acids.

NCP1 NCP2
No IC)(I))dlz H2A H4 H2A H4
a.a. (chain) Contacts a.a. (chain) Contacts a.a. (chain) Contacts a.a. (chain) Contacts

1 1AOI 4-20 (C) DNA1+DNA2 | 20-23 (B) DNA1 12-20 (G) DNA2 16-23 (B) Aclsll

2 1EQZ 2-20 (E) DNA1 8-23 (H) AclIsI2+DNAL 1-20 (A) DNA1+DNA2 14-23 (D) DNA2

3 1F66 16-20 (G) DNAI1 17-23 (F) | Aclsl2+DNA1 16-20 (C) DNA?2 23 (B) DNA2

4 11D3 16-20 (C) DNAI absent -- 13-18 (G) DNA?2 18-23 (F) DNA2?

5 1KX3 14-20 (C) | DNA1+DNA2 | 21-23 (B) DNA1 14-20 (G) DNA2 16-23 (F) Aclsll

6 1KX4 14-20 (G) DNAI absent -- 16-20 (C) DNA2 20-23 (B) Aclsll

7 1IKX5 | 15-20 (C) DNA1 15-23 (B) DNA1 13-20 (G) DNA2 16-23 (F) | Aclsl1+DNA2
8 IM18 14-20 (G) DNAI 20-23 (F) Aclsl2 14-20 (C) DNA2 absent --

9 1M19 14-20 (C) | DNA1+DNA2 absent - 15-20 (G) DNA?2 17-23 (F) Aclsl1+DNA2
10 IMI1A | 14-20 (G) DNAI1 10-23 (F) Aclsl2 14-20 (C) DNA2 23 (B) DNA2

11 1P34 12-20 (C) | DNAI+DNA2 | 20-23 (B) DNA1 13-20 (G) DNA2 22-23 (F) DNA?2

12 1P3A 14-20 (C) | DNA1+DNA2 absent - 16-20 (G) DNA2 21-23 (F) Aclsll

13 1P3B 15-20 (G) DNAI1 22-23 (F) Aclsl2 13-20 (G) DNA2 absent -

14 1P3F 13-20 (G) DNAI1 21-23 (F) Aclsll 15-20 (C) DNA1+DNA2 23 (B) DNA2

15 1P3G 13-20 (G) DNAI1 16-23 (F) | Aclsl2+DNAI 14-20 (C) DNA1+DNA2 absent --

16 1P31 16-20 (G) DNAI absent -- 15-20 (C) DNA2 absent --

17 1P3K 15-20 (C) | DNAI1+DNA2 absent -- 14-20 (G) DNA2 22-23 (F) Aclsll

18 1P3L 15-20 (C) | DNA1+DNA2 absent -- 11-20 (G) DNA2 20-23 (F) Aclsll

19 1P3M 14-20 (C) | DNAI1+DNA2 absent -- 15-20 (G) DNA2 21-23 (F) Aclsll

20 1P30 14-20 (C) | DNA1+DNA2 | 21-23 (B) DNA1 14-20 (G) DNA?2 absent --

21 1P3P 14-20 (C) | DNA1+DNA2 | 22-23 (B) DNA1 12-20 (G) DNA2 21-23 (F) Aclsll

22 1S32 12-20 (C) | DNA1+DNA2 | 22-23 (B) DNAI1 13-20 (G) DNA2 15-23 (F) Aclsl1+DNA2
23 1U35 14-20 (C) DNAI1 absent -- 14-20 (G) DNA2 20-23 (F) Aclsl1+DNA2
24 1ZBB | 13-20 (G) DNA1 16-23 (F) | DNA1+DNA2 13-20 (9) DNA2 16-23 (f) DNA1+DNA2
25 1ZLA 14-20 (C) DNA1 absent -- 14-20 (G) DNA2 19-23 (F) Aclsl1+DNA2
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26 2CV5 11-20 (C) DNAI absent -- 15-20 (G) DNA2 18-23 (F) | Aclsl1+DNA2
27 2F8N absent -- absent -- absent -- 19-23 (F) Aclsll
28 2FJ7 14-20 (C) DNAI1 absent -- 14-20 (G) DNA2 19-23 (F) Aclsll
29 2NQB | 14-20 (G) DNAI 17-23 (F) Aclsll 14-20 (C) DNAI1+DNA2 22-23 (B) DNA2
30 2NZD | 14-20 (G) DNAI1 16-23 (F) Aclsll 14-20 (C) DNAI1+DNA2 21-23 (B) DNA2
31 2PYO | 13-20(C) | DNA1+DNA2 absent - 11-20 (G) DNA2 15-23 (F) | Aclsl1+DNA2
32 3A6N | 15-20(G) DNAI1 19-23 (F) Aclsll 14-20 (C) DNA2 22-23 (B) DNA2
33 3AFA | 15-20(G) DNAI 19-23 (F) Aclsll 11-20 (C) DNAI1+DNA2 absent -
34 3AN2 | 16-20 (G) DNALI absent - 17-21 (C) DNA2 absent -
35 3AV1 15-20 (G) DNALI 19-23 (F) | Aclsl2+DNA1 14-20 (C) DNA1+DNA2 absent -
36 3AV2 | 15-20(G) DNALI 19-23 (F) | Aclsl2+DNA1 14-20 (C) DNA1+DNA2 absent -
37 [ 3AYW | 16-20 (G) DNALI 19-23 (F) | Aclsl2+DNA1 11-20 (C) DNA1+DNA2 absent --
38 3AZE | 15-20(G) DNAI 18-23 (F) | AcIsI2+DNA1 11-20 (©) DNA2 absent -
39 3AZF 15-20 (G) DNAI 19-23 (F) | Aclsl2+DNA1 11-20 (C) DNA1+DNA2 absent -
40 3AZG | 15-20(G) DNAI 19-23 (F) | Aclsl2+DNA1 11-20 (C) DNA1+DNA2 absent -
41 3AZH | 15-20(G) DNAI 18-23 (F) | Aclsl2+DNA1 13-20 (C) DNA1+DNA2 absent -
42 3AZI 15-20 (G) DNAI 19-23 (F) | Aclsl2+DNA1 11-20 (C) DNA2 absent -
43 3AZ) 15-20 (G) DNAI1 19-23 (F) Aclsl2 11-20 (C) DNA2 absent -
44 3AZK | 14-20 (G) DNAI1 19-23 (F) | AcIsI2+DNA1 11-20 (C) DNA2 absent -
45 3AZL | 14-20 (G) DNAI 17-23 (F) | AcIsI2+DNA1 11-20 (C) DNA1+DNA2 absent -
46 | 3AZM | 15-20 (G) DNAI1 19-23 (F) | AcIsI2+DNA1 13-20 (C) DNA2 absent -
47 3AZN | 15-20(G) DNAI 19-23 (F) | AclsI2+DNA1 11-20 (C) DNA2 absent -
48 3B6F 13-20 (G) DNAI 16-23 (F) | Aclsl2+DNAL 15-20 (C) DNA2 absent --
49 3B6G | 13-20(G) DNAI 16-23 (F) | Aclsl2+DNAI 15-20 (C) DNA2 absent -
50 3CIB 16-20 (G) DNAI1 16-23 (F) | Aclsl2+DNAI 14-20 (O) DNA2 23 (B) DNA2
51 3CI1C 16-20 (G) DNAI1 19-23 (F) Aclsl2 14-20 (C) DNA2 absent -
52 | 3KUY | 14-20(G) DNAI 16-23 (F) Aclsl2 14-20 (C) DNA2 21-23 (B) DNA2
53 | 3KWQ | 14-20 (G) DNAI 20-23 (F) Aclsl2 14-20 (C) DNA2 absent -
54 3KXB 20 (G) DNALI 16-23 (F) Aclsl2 14-20 (C) DNA2 absent -
55 3LEL | 13-20(G) DNA1 17-23 (F) | Aclsl2+DNA1 | 15-20 (M) DNA2 absent --
56 3LJA 13-20 (G) DNA1 16-23 (F) | AcIsI2+DNA1 15-20 (C) DNA2 absent --




S30

57 3LZ0 16-20 (C) DNAI 20-23 (B) Aclsl2 14-20 (G) DNA2 absent --
58 3LZ1 16-20 (C) DNAI1 20-23 (B) Aclsl2 14-20 (G) DNA2 absent -
59 | 3MGP | 14-20 (G) DNAI1 16-23 (F) | Aclsl2+DNAL 15-20 (C) DNA2 absent --
60 | 3MGQ | 13-20(G) DNAI 16-23 (F) | Aclsl2+DNAL 15-20 (C) DNA2 absent --
61 3MGR | 13-20(G) DNAI1 16-23 (F) | Aclsl2+DNAI 15-20 (C) DNA2 absent -
62 | 3MGS | 13-20(G) DNAI 16-23 (F) | Aclsl2+DNAI 15-20 (C) DNA2 absent -
63 | 3MNN | 14-20 (G) DNAI1 16-23 (F) Aclsl2 14-20 (C) DNA2 21-23 (B) DNA2
64 | 3MVD NCP + protein. No stacking

65 3062 14-20 (G) DNALI 18-23 (F) | Aclsl2+DNA1 14-20 (C) DNA2 23 (B) --
66 3REH | 14-20 (G) DNALI 16-23 (F) Aclsl2 14-20 (C) DNAI1+DNA2 21-23 (B) DNA2
67 3REI 14-20 (G) DNALI 16-23 (F) Aclsl2 14-20 (C) DNAI1+DNA2 21-23 (B) DNA2
68 3REJ 16-20 (C) DNALI 20-23 (B) Aclsl2 14-20 (G) DNA2 absent -
69 3REK | 16-20(C) DNALI 20-23 (B) Aclsl2 14-20 (G) DNA2 absent -
70 3REL 16-20 (C) DNALI 20-23 (B) Aclsl2 14-20 (G) DNA2 absent -
71 3TU4 NCP + protein. No stacking

72 3UT9 16-20 (G) DNA1 16-23 (F) Aclsl2 14-20 (C) DNA2 absent --
73 3UTA | 14-20 (G) DNAI1 16-23 (F) | AclsI2+DNA1 14-20 (C) DNA2 21-23 (B) DNA2
74 3UTB 16-20 (C) DNAI 20-23 (B) Aclsl2 14-20 (G) DNA2 absent --
75 3Wo6 | 16-20 (G) DNALI 20-23 (F) Aclsl2 12-20 (C) DNA2 absent --
76 3W97 | 16-20 (G) DNALI 19-23 (F) Aclsl2 13-20 (O) DNA2 absent --
77 3Wo8 15-20 (G) DNAI 19-23 (F) Aclsl2 13-20 (C) DNA2 absent --
78 3W99 | 17-20 (G) DNAI1 19-23 (F) | AcIsI2+DNA1 14-20 (C) DNA2 absent -
79 | 3WA9 | 17-20 (G) DNAI 19-23 (F) | Aclsl2+DNA1 15-20 (C) DNA2 absent -
80 | 3WAA | 17-20(G) DNAI1 19-23 (F) | AcIsI2+DNA1 14-20 (C) DNA2 absent -
81 3WKJ | 15-20(G) DNAI 19-23 (F) | AcIsl2+DNA1 12-20 (C) DNA2 absent -
82 3wtp 14-20 (G) DNAI1 18-23 (F) | AcIsI2+DNA1 12-20 (C) DNA2 absent -
83 3x1s 15-20 (G) DNAI1 19-23 (F) Aclsl2 14-20 (C) DNA2 absent -
84 3x1t 14-20 (G) DNALI 16-23 (F) | Aclsl2+DNA1 14-20 (C) DNA2 22-23 (B) DNA2
85 3xlu 11-20 (G) DNALI 16-23 (F) | Aclsl2+DNA1 14-20 (C) DNA2 20-23 (B) Other NCP
86 3xlv 11-20 (G) DNALI 16-23 (F) Aclsl2 13-20 (C) DNA2 absent -
87 4J8U 14-20 (G) DNAI1 16-23 (F) | Aclsl2+ Aclsl2 | 14-20 (C) DNA2+DNA1 21-23 (B) DNA2
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88 4J8V 14-20 (G) DNAI 16-23 (F) | Aclsl2+ Aclsl2 | 14-20 (C) DNA2 21-23 (B) DNA2
89 4J8W 14-20 (G) DNAI1 16-23 (F) Aclsl2 14-20 (C) DNA2 21-23 (B) DNA2
90 4J8X 14-20 (G) DNAI 16-23 (F) Aclsl2 14-20 (C) DNA2 21-23 (B) DNA2
91 4JIN NCP + protein. No stacking

92 | 4KGC | 14-20 (G) DNALI 16-23 (F) Aclsl? | 14-20(C) | DNA2 21-23 (B) DNA2
93 4KUD NCP + protein. No stacking

94 4LD9 NCP + protein. No stacking

95 4QLC NCP + protein. No stacking

96 4R8P NCP + protein. No stacking

97 4wu8 14-20 (G) DNALI 16-23 (F) Aclsl2 14-20 (C) DNA2 21-23 (B) DNA2
98 4wu9 14-20 (G) DNALI 16-23 (F) Aclsl2 14-20 (C) DNA2 21-23 (B) DNA2
99 4x23 15-20 (G) DNALI absent - 15-20 (©) DNA2 absent -
100 4xuj 14-20 (G) DNALI 16-23 (F) | AcIsI2+DNA1 14-20 (C) DNA2+ DNA1 21-23 (B) DNA2
101 4xzq 14-20 (G) DNAI absent -- 14-20 (C) DNA2+ DNAI absent --
102 | 4ymS5 16-20 (G) DNA1 16-23 (F) Aclsl2 11-20 (C) DNA2 absent --
103 | 4ym6 15-20 (G) DNALI 19-23 (F) | Aclsl2+DNA1 11-20 (©) DNA2 absent -
104 4ys3 14-20 (G) DNAI absent -- 14-20 (C) DNA2 absent --
105 | 47Z5T 14-20 (C) DNAI1 20-23 (B) | Aclsl2+DNA1 15-20 (G) DNA2 absent -
106 4zux NCP + protein. No stacking

107 4266 14-20 (G) DNAI1 21-23 (F) Aclsl2 14-20 (C) DNA2+ DNALI absent -
108 | 5AVS 14-20 (G) DNAI1 17-23 (F) | Aclsl2+DNA1 11-20 (C) DNA2+ DNA1 21-23 (B) DNA2
109 | 5AV6 | 14-20 (G) DNAI1 17-23 (F) | Aclsl2+DNA1 13-20 (C) DNA2+ DNA1 | 21-23 (B) DNA2
110 | 5AV8 14-20 (G) DNAI1 17-23 (F) | Aclsl2+DNA1 13-20 (C) DNA2 21-23 (B) DNA2
111 | 5AV9 | 14-20 (G) DNAI1 17-23 (F) | Aclsl2+DNA1 13-20 (O) DNA2 21-23 (B) DNA2
112 | 5AVB | 14-20 (G) DNALI 16-23 (F) | Aclsl2+DNAI 13-20 (C) DNA2+ DNA1 21-23 (B) DNA2
113 | 5AVC | 14-20 (G) DNALI 16-23 (F) | Aclsl2+DNAI 13-20 (C) DNA2+ DNA1 21-23 (B) DNA2
114 Say8 14-20 (O) DNAI absent -- 15-20 (G) DNA2 absent --
115 5b0y 15-20 (G) DNALI 19-23 (F) Aclsl2 14-20 (©) DNA2 absent -
116 5b0z 15-20 (G) DNAI 20-23 (F) Aclsl2 11-20 (©) DNA2+ DNAI absent -
117 5bll 15-20 (G) DNAI 19-23 (F) | AcIsI2+DNA1 11-20 (©) DNA2 absent -
118 | 5blm 15-20 (G) DNAI 19-23 (F) Aclsl2 11-20 (C) DNA2+ DNAI absent -
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119 5b24 15-20 (G) DNAI1 19-23 (F) | Aclsl2+DNA1 11-20 (C) DNA2 absent --

120 5b2i 14-20 (G) DNAI 18-23 (F) | Aclsl2+DNA1 13-20 (C) DNA2+ DNAIL | 21-23 (B) Other NCP
121 5b2j 14-20 (G) DNAI 18-23 (F) | Aclsl2+DNA1 13-20 (C) DNA2 21-23 (B) DNA2
122 5b31 16-20 (G) DNAI 19-23 (F) Aclsl2 13-20 (C) DNA2 absent -

123 5b32 16-20 (G) DNAI1 19-23 (F) | Aclsl2+DNAI 11-22 (O) DNA2 absent -

124 5b33 17-20 (G) DNAI 19-23 (F) | Aclsl2+DNAI 16-22 (O) DNA2 absent -

125 5b40 15-20 (G) DNAI 22-23 (F) No contact 14-20 (O) DNA2 absent --

126 5cpb 15-20 (G) DNALI 16-23 (F) | Aclsl2+DNA1 14-20 (C) DNA2 21-23 (B) DNA2
127 5CPI 15-20 (G) DNAI 19-23 (F) | AclsI2+DNAL 11-20 (C) DNA2 absent -

128 5CPJ 15-20 (G) DNAI 19-23 (F) | AclsI2+DNAL 15-20 (C) DNA2 absent -

129 | 5CPK | 15-20(G) DNAI 19-23 (F) | AclsI2+DNAL 14-20 (C) DNA2 absent -

130 | 5dnm 14-20 (G) DNALI 16-23 (F) | Aclsl2+DNA1 14-20 (C) DNA2+ DNA1 | 21-23(B) Other NCP
131 5dnn 14-20 (G) DNALI 16-23 (F) | Aclsl2+DNA1 14-20 (C) DNA2 21-23 (B) DNA2
132 5eSa 14-20 (G) DNAI 17-23 (F) | AclsI2+DNAL 14-20 (©) DNA2 absent -

133 5199 9-20 (G) DNALI 11-23 (F) | Aclsl2+DNAL 11-20 (C) DNA2 20-23 (B) Other NCP
134 Sgse Unusual structure

135 Sgsu 16-20 (G) DNAI1 17-23 (F) Aclsl2 15-20 (C) DNA2 absent --

136 5gt0 14-20 (C) DNALI absent - 13-20 (G) DNA2 17-23 (F) Aclsll
137 5gt3 16-20 (G) DNAL1 18-23 (F) Aclsl2 13-20 (C) DNA2 21-23 (B) -

138 Sgtc 12-20 (G) DNAI 17-23 (F) | Aclsl2+DNA1 11-20 (C) DNA2 absent -

139 5gxq 15-20 (G) DNAI1 19-23 (F) | Aclsl2+DNAL 11-20 (O) DNA2 absent -

140 5hq2 No stacking. Incomplete NCP

141 | 5jrg | 10-20(G) |  DNAI 17-23 (F) | Aclsl2+DNAI | 12-20(C) | DNA2 | absent | -

142 Skgf Cryo-EM. Single molecule

143 Smlu 16-20 (C) DNA1 19-23 (B) Aclsl2 14-20 (G) DNA2 absent -

144 5nl0 16-20 (G) DNAI 20-23 (F) DNA2 14-20 (C) DNA2 20-23 (B) DNAI
145 5x0x Cryo-EM. Single molecule

146 5x0y Cryo-EM. Single molecule

147 | 5x7x | 1420(G) | DNAI 17-23 (F) | Aclsl2+DNAI | 11-20(C) | DNA2 |  absent | -
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