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Supplementary Methods 
 
X-ray structures. We obtained coordinates for the following eight X-ray crystal structures of the 
Drew-Dickerson dodecamer [d(CGCGAATTCGCG)]2 from the Protein Data Bank. The criterion 
for selecting these 8 structures was to include all crystal structures of this sequence without any 
chemical modifications. 

 

PDB ID 1BNA 2BNA 355D 428D 455D 1FQ2 1DOU 1JGR 

reference 1 2 3 4 5 6 7 8 

 

NMR structures. We obtained coordinates for the following set of five NMR structures of the 
Drew-Dickerson dodecamer [d(CGCGAATTCGCG)]2 from the Protein Data Bank. The 
refinement of this NMR structure included dipolar coupling and chemical shift anisotropy 
measurements that involve the phosphate groups.9 The data, therefore, provide information on 
torsion angle configurations in the phosphodiester backbone, which, combined with NOE 
measurements, leads to a high-accuracy NMR structure. 

 

PDB ID 1NAJ 

reference 9 

 
 
Monte Carlo simulations. The minor groove profile of the Dickerson dodecamer was predicted 
based on all-atom Monte Carlo simulations. These simulations were started from ideal B-DNA 
without any input of sequence-dependent structure. The simulation protocol was identical to the 
one described elsewhere.10,11 The minor groove width prediction is based on the average values 
calculated with the program CURVES12 for every 10th snapshot along the Monte Carlo trajectory 
following equilibration.13 
Tetranucleotides. For the plots in Supplementary Figure 3, tetranucleotides were taken from 
884 protein-DNA X-ray structures, and 83 free-DNA X-ray structures, in the Protein Data Bank 
as of 08/10/2011.The criteria for including a crystal structure in this dataset were a length of the 
DNA duplex of at least one helical turn (ten base pairs), and the absence of any chemical 
modifications. In addition, since free DNA can transition to A-DNA due to crystal packing effects, 
we required free DNA to adopt a B-DNA conformation. Minor groove width for each 
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tetranucleotide was calculated with CURVES12 between the two central base pairs by averaging 
all CURVES levels of the central base pair step. 

All 136 unique tetranucleotides are represented in the protein-DNA set. In total, there are 
coordinates for 7675 tetranucleotide conformations in the dataset for protein-DNA structures. In 
the free-DNA set, 60 (of 136 possible) unique tetranucleotides are represented, and 293 
tetranucleotide conformations in total. 
Minor groove width variation in the nucleosome. We used CURVES12 to calculate the width 
of the minor groove at each nucleotide of the DNA from the X-ray structures of nucleosome core 
particles from Xenopus laevis (PDB ID 1KX5)14 and Drosophila melanogaster (PDB ID 2PYO).15 
The minor groove width values for each nucleotide are the average of all CURVES levels for a 
nucleotide. 

Distribution of correlations for the ORChID2 nucleosome consensus pattern compared to 
individual ORChID2 nucleosome sequence patterns. We took the central 140 positions (to 
eliminate edge-effects from the prediction algorithm) from the ORChID2 nucleosome consensus 
profile (Figure 3, panels a and b) and scanned this profile across the symmetrized ORChID2 
pattern calculated for each of the individual nucleosome-bound sequences from yeast and 
Drosophila (23,076 and 25,654 sequences, respectively). We retained the maximum Pearson 
correlation between the consensus profile and the symmetrized ORChID2 pattern of each 
individual sequence. We plotted this distribution, along with a similar distribution obtained from 
shuffled versions of the individual sequences as a control. This allowed us to measure the 
similarity of each individual nucleosome sequence ORChID2 pattern to the ORChID2 
consensus (Supplementary Figure 7). 
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Supplementary Figures 
 
 
 
 
 

 
 
Supplementary Figure 1. Quantitative correlation of the experimental ORChID2 cleavage 
pattern (black), with minor groove width calculated from a Monte Carlo simulation (blue) of the 
Drew-Dickerson dodecamer. The Pearson correlation for comparison of the ORChID2 pattern 
with minor groove width (7 nucleotide positions) is 0.981 (p-value = 9.83 × 10–5). 
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Supplementary Figure 2. Quantitative correlation of the experimental ORChID2 cleavage 
pattern (black), with electrostatic potential (red) and minor groove width (green) determined from 
the X-ray structure of [d(CGCGATATCGCG)]216 (PDB ID 287D). Minor groove width and 
electrostatic potential are symmetrized to reflect the symmetry of the nucleotide sequence. The 
ORChID2 pattern was derived from the experimental cleavage patterns of the 9-mer sequence 
d(GTATCGCG) and its complement, which are present in the current ORChID database. The 
Pearson correlation for comparison of the ORChID2 pattern with minor groove width (5 
nucleotide positions) is 0.973 (p-value = 5.33 × 10–3); for comparison of ORChID2 with 
electrostatic potential (5 nucleotide positions), 0.960 (p-value = 9.44 × 10–3). 
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Supplementary Figure 3. Minor �groove width between the two central base pairs of each 
tetramer is plotted for (a) the 60 unique tetranucleotides occurring in free-DNA crystal structures 
and (b) all 136 unique tetranucleotides from protein-DNA crystal structures. Each individual 
conformation is shown as black dot, in order to convey structural variability for a given tetramer, 
and �the average width is plotted in red. The sequence, average width, and occurrence in our 
dataset are given in Supplementary Table 1. 

The average minor groove width at the central base pair step is compared with the ORChID2 
value, for free DNA crystal structures (c) and for protein-DNA crystal structures (d). The 
Pearson correlation between minor groove width and ORChID2 values is 0.638 (p-value 4.06 x 
10-8) for free DNA structures and 0.653 (p-value < 1.0 x 10-16) for DNA in protein-DNA 
complexes.
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Supplementary Figure 4. Minor groove width variation in the nucleosome. Shown are plots of 
the minor groove width at each nucleotide position in X-ray crystal structures of two nucleosome 
core particles (PDB ID 1KX5, blue; PDB ID 2PYO, yellow) (top panel). In the bottom panel, 
minor groove widths were symmetrized around the nucleosome dyad axis.  
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Supplementary Figure 5. Minima in the composite ORChID2 pattern of nucleosome-binding 
sequences occur where the minor groove is narrow in the nucleosome three-dimensional 
structure. (a) Box plots of the distribution of minor groove widths at the 12 minima, plus one 
position on either side (a total of 36 positions), in the ORChID2 pattern of the composite set of 
23,076 nucleosome-binding sequences from yeast (see Figure 3, panel a) (left, blue box), and 
at all other positions (right, yellow box). There is a significant difference (p-value = 2.567 × 10–4; 
Wilcoxon rank sum test) between these two distributions. (b) Box plots of the distribution of 
minor groove widths at the 12 minima, plus one position on either side (a total of 36 positions), 
in the ORChID2 pattern of the composite set of 25,654 nucleosome-binding sequences from 
Drosophila (see Figure 3, panel b) (left, blue box), and at all other positions (right, yellow box). 
There is a significant difference (p-value = 4.853 × 10–6; Wilcoxon rank sum test) between these 
two distributions. 

 

 
 
 
 

 8



 
 
 
 

 
 
 

 
 
Supplementary Figure 6. Correlation between mean ORChID2 values for observed and 
shuffled nucleosome bound sequences in yeast (a) and fly (b). Values plotted on the x and y-
axes are derived from the blue and gray lines, respectively, in Figures 3a and 3b. We observe 
no significant correlation between the observed and shuffled patterns, indicating that the 
observed consensus nucleosomal ORChID2 pattern is not an artifact of the analysis. Each 
correlation plot is based on one-half of the nucleosome dyad and is center-aligned by the dyad 
axis. Gray shading indicates the standard error around the best-fit line. 
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Supplementary Figure 7. Distribution of correlations for the ORChID2 nucleosome consensus 
pattern relative to the symmetrized ORChID2 pattern for individual real and shuffled 
nucleosome-bound sequences. Observed (blue distribution) and shuffled (gray distribution) 
versions of nucleosome-bound sequences for yeast (a) and fly (b) were compared to their 
corresponding ORChID2 consensus profiles (blue lines in Figures 3a and 3b). For each species, 
the distribution of correlations for the observed sequences is significantly greater than the 
shuffled sequences (p-value < 2.2 × 10–16; Wilcoxon rank sum test). 
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Supplementary Table 1: Minor groove width at the center of a tetranucleotide in free DNA and 
protein-DNA structures. These data are an update (as of 08/10/2011) of a previously published 
analysis17 of the PDB. 
 
(a) Tetranucleotides from free DNA structures (sorted by average width) 
 

Tetramer 
 

Average 
minor groove 

width [Å] 
Number of 

occurrences
AAAC 3.28 1
AAAA 3.43 16
AAAT 3.67 8
GAAT 3.70 45
AATT 3.73 33
ATAA 3.76 1
TAAT 3.79 5
AGCT 3.79 1
GAAA 3.97 6
GATC 4.12 1
AGAA 4.48 3
GATA 4.81 4
CAAT 4.88 3
AATG 4.91 2
TAAC 4.96 4
AGAT 5.05 2
TTAA 5.11 5
TAAA 5.13 2
TATA 5.15 3
ATAT 5.16 7
AAGA 5.32 1
GCGC 5.32 6
CAAA 5.33 5
TAAG 5.35 1
CATA 5.42 1
AGCG 5.53 1
CGTT 5.57 5
ACGT 5.59 9
AGAC 5.68 3
TCGA 5.68 1
CGAA 5.72 23
AGTA 5.81 1
TGAA 5.81 1
GGCC 5.83 6
AGGC 5.95 2  

GTAC 6.02 4
CGTC 6.05 13
TGGC 6.05 1
CGCA 6.06 1
TTGT 6.06 1
CGAT 6.22 2
GGAA 6.23 1
AGAG 6.29 1
AAGC 6.36 3
GGTA 6.37 4
TAGA 6.41 7
CTAG 6.46 5
CGGT 6.56 1
CGAC 6.57 9
CCGG 6.63 2
GAGC 6.80 1
CGGC 7.07 3
CGAG 7.20 1
GGCG 7.41 2
CAAG 8.02 1
GCGA 8.57 6
ACGC 9.01 1
ATGG 9.03 1
TGGG 9.44 2
GGGC 1 0.11 2



 
(b) Tetranucleotides from protein-DNA structures (sorted by average width) 
 

Tetramer 
 

Average minor 
groove width 

[Å] 
Number of 

occurrences
AAAT 3.74 141
AATT 4.06 99
GAAT 4.22 70
GAAA 4.44 97
AATC 4.47 32
AAAA 4.60 153
AAGT 4.62 78
AGAA 4.95 28
AATA 4.97 54
TAAT 5.00 90
ATAA 5.11 98
GTAC 5.23 16
AGTT 5.29 62
AATG 5.36 60
AAAC 5.38 62
AGAT 5.45 30
ATAG 5.51 53
CGTT 5.58 40
CAAA 5.58 111
AAGA 5.58 42
ATGT 5.65 73
GAAC 5.67 42
AAAG 5.70 73
TAAA 5.75 73
GGAT 6.01 95
TAGA 6.03 37
CATA 6.06 50
TAAC 6.08 49
CAAT 6.09 46
TGTT 6.17 86
GATC 6.19 38
TATA 6.24 53
AGAC 6.24 66
GGTA 6.26 44
TGAA 6.30 58
GGGT 6.34 36
CTAA 6.34 54
AGGA 6.34 104

TAAG 6.35 57
GAGA 6.35 28
GTGA 6.38 64
CGAT 6.42 55
GATG 6.46 78
AGTC 6.46 78
CTAG 6.47 36
TTAA 6.48 46
AGGT 6.48 60
TGAG 6.49 60
AGCT 6.49 12
TTGA 6.50 47
CGAA 6.51 73
TTGT 6.53 83
GGAA 6.54 153
ATGC 6.55 60
GATA 6.56 83
TGAT 6.56 61
CAGA 6.56 42
GGTT 6.58 32
TGTC 6.61 97
GAAG 6.63 128
CAGT 6.65 83
CGTG 6.66 51
GAGT 6.66 37
AAGG 6.73 131
TGGT 6.73 50
ACGC 6.74 18
ATAC 6.74 60
CAAG 6.76 35
ATAT 6.79 38
CTGG 6.84 35
AAGC 6.85 36
TAGT 6.86 40
ACGT 6.89 29
CTGT 6.90 101
GTAA 6.91 51
GAGG 6.91 46
GGCA 6.95 43
GTGT 7.01 32
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TAGG 7.02 73
ATGA 7.03 81
TAGC 7.04 57
TGAC 7.06 102
GGTC 7.07 61
AGTG 7.09 65
TGTG 7.09 61
AGGC 7.10 54
ACGA 7.12 70
CGTC 7.13 44
TGTA 7.13 69
AGAG 7.14 21
AGCC 7.14 65
TGGC 7.14 41
CATG 7.15 58
GCGA 7.15 15
CGCG 7.18 14
CAAC 7.18 30
TGGA 7.19 89
TTGG 7.21 29
GGAG 7.22 36
CAGC 7.23 64
ATGG 7.27 97
GGCC 7.28 30
GGAC 7.31 53
CGGG 7.32 35
AGTA 7.32 26
GAGC 7.32 39
CTGC 7.37 55
CAGG 7.38 36
ACGG 7.38 37
TGGG 7.40 50
GCGG 7.41 33
TTGC 7.43 57
CGGC 7.44 52
TGCA 7.47 24
AGGG 7.47 57
CGAG 7.52 20
CTGA 7.53 53
GGCG 7.53 38
GGGC 7.55 57
GGGA 7.55 115
CGGT 7.58 64

CCGA 7.60 30
GTGC 7.62 55
GCGC 7.63 31
CGCA 7.63 26
GTAG 7.71 32
AGCG 7.88 34
GGTG 7.93 40
CGGA 7.95 21
GTGG 8.05 73
CGAC 8.10 43
CCGG 8.21 39
TCGA 8.23 26
AGCA 8.52 79
GGGG 8.57 26
CGTA 9.66 51
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