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Table S1  Processing of the diffraction data in several possible space groups (Dataset 1). Values in

parentheses correspond to the last resolution shell.

Supporting information, sup-1

Space group P1 P2; C222, P6322
a=35.71, b=35.71,
) ] a=35.72, b=44.10, a=35.72, b=61.88, a=b=35.72,
Cell dimensions (A, ©) c=44.08, 0=89.99,
c¢=35.72, p=119.98 c=44.10 c=44.10
$=90.02, y=119.99
] 30.94-1.09 30.94-1.09 31.06-1.09 31.02-1.09
Resolution range (A)
(1.12-1.09) (1.12-1.09) (1.12-1.09) (1.12-1.09)
Number of unique
) 143384 75629 39377 13082
reflections!
Completeness native (%) 91.1(73.9) 95.6 (85.8) 99.9 (99.6) 99.3(98.7)
Redundancy 1.65 (1.15) 3.09 (1.95) 6.92 (3.43) 17.23 (8.61)
<I/cl> 6.74 (1.81) 9.91 (2.44) 13.93 (3.13) 8.67 (4.89)
Ruerge® (%0) 6.5 (29.0) 6.2 (31.3) 6.8 (38.5) 26.5 (36.5)
Rmeas® (%) 8.8 (41.0) 7.5 (43.8) 7.5 (45.6) 27.3(38.7)
CCu2* (%) 99.7 (83.1) 99.9 (81.4) 99.9 (87.6) 99.5 (93.3)
Wilson B-factor (A2) 11.48 11.72 11.86 10.88

1 Bijvoet pairs separate.

2 Rmerge= ZhZj | Ij - <I> | / ZnZj lj, where 1 is the intensity of observation of reflection j.

% Rmeas IS the redundancy-independent (multiplicity-weighted) R factor (Diederichs & Karplus, 1997).

“ Percentage of correlation between intensities from random half-sets as defined by Karplus & Diederichs (2012).
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Table S2  R.m.s.d. values (in A) between the DNA-RNA helices in major (1) and minor (11) conformation
after their superposition.

Duplex fixed / moving R.m.s.d. for conformation (1) R.m.s.d. for conformation (1)
AB/CD 0.384 0.397
AB/EF 0.474 0.611
AB/GH 0.473 0.588
CD/EF 0.619 0.458
CD/GH 0.616 0.431

EF/GH 0.039 0.076
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Table S3  Sugar and phosphate backbone torsion angles for the Z-form of the DNA-RNA/Ba?* structure,
with standard uncertainties for pseudorotation parameters in parentheses.

Duplex AB
C3(I) G2(I)
Angle C1 C5 C7 C9 C11 G4 G6 G8 G10 G12
C3(1l) G2(I)
-134.1
o - -148.9 - -149.2 | -1441 64.9 59.1 76.4 72.1 78.6 76.1
158.0
-132.2
B - -112.3 - -1125 | -119.3 | -175.8 | -170.0 | -176.8 | -172.8 | -179.0 | -176.0
149.9
48.4 167.5
Y 495 46.5 57.0 52.7 49.6 179.5 -175.0 165.4 162.1 178.5
56.8 176.2
148.0 91.5
é 1411 141.8 140.5 139.0 135.3 91.6 154.3 90.0 85.7 148.0
140.2 94.9
-105.4
€ -91.6 -102.1 | -100.7 -88.2 -90.9 -91.8 -114.9 - -116.6 | -123.1 -
-171.8
-72.3
¢ 74.3 85.2 72.3 73.2 73.6 78.9 673 -72.8 - -80.0 -70.1 -
% -152.2 -154.6 -149.4 -150.3 -154.1 -153.0 58.3 59.3 74.5 67.1 64.1 76.6
vo -314 271 -26.6 -25.8 -23.7 -26.3 -0.6 0.5 -25.2 -11.6 -6.6 -23.0
-23.1
vi 38.7 37.8 36.9 38.2 33.2 37.2 168 -18.6 42.6 -6.9 -15.7 36.0
37.4
A7) -31.9 -32.5 -31.9 -35.2 -28.4 -33.4 ’ 1 28.6 -43.8 22.1 31.0 -34.0
-39.3
v3 15.0 17.9 17.5 20.8 16.3 19.5 263 -28.7 28.9 -29.1 -36.1 22.0
24.7
V4 10.5 5.8 5.8 3.4 4.7 3.9 18.4 -2.4 25.8 26.7 0.6
17.2
Pseudorotation parameters:
19.4(5)
p 146.7(9) | 152.9(8) | 152.9(8) | 157.1(6) | 153(1) | 155.6(9) Jo(1) 17.5(7) |164.9(2) | 41.2(5) | 28.9(5) | 160.8(9)
40.4(4)
™ | 39.2(6) | 37.8(6) | 37.0(5) | 39.0(4) | 33.2(6) | 37.9(6) 27.6(6) 30.5(4) | 45.7(2) | 29.6(2) | 36.2(3) | 37.2(6)
Sugar
‘ C2'-endo | C2'-endo | C2'-endo | C2'-endo | C2'-endo | C2'-endo | C3’-endo | C3'-endo | C2'-endo | C4'-exo |C3’-endo | C2'-endo
pucker
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Table S3. continued

Supporting information, sup-4

Duplex CD
C3(l) G2(1)
Angle C1 C5 c7 C9 Ci11 G4 G6 G8 G10 G12
C3(1) G2(I)
157.4
o - -149.9 - -148.3 | -142.2 64.6 60.0 76.3 80.7 70.8 73.2
-132.8
151.4
B - -112.6 - -112.1 | -117.6 | -1754 | -172.0 | -176.2 | -171.5 | -1765 | -173.5
-133.4
56.4 175.0
v 48.3 46.7 57.1 51.6 45.4 179.6 -174.1 158.6 168.0 -179.4
47.9 167.3
1415 89.7
h) 142.3 142.1 141.0 139.3 138.5 91.7 156.3 87.7 85.9 144.4
147.9 91.8
179.5
€ -92.8 -101.5 -99.4 -88.0 -88.5 -91.7 -115.6 - -118.9 | -123.0 -
-108.4
76.9
¢ 75.9 84.1 71.0 69.1 74.3 79.0 -73.2 - -79.9 -67.9 -
-67.5
% -153.2 -153.3 -148.5 -150.6 -154.4 -152.5 54.9 59.1 73.0 67.8 64.1 74.2
v0 -29.5 -24.5 -25.5 -25.4 -24.4 -24.9 -2.7 0.4 -27.0 -15.4 -4.6 -25.9
-15.0
vl 37.4 37.0 36.0 37.6 33.8 35.8 )13 -19.1 43.3 -5.5 -17.0 38.4
25.3
v2 -315 -34.0 -32.0 -35.3 -28.7 -33.2 35 9 29.5 -43.1 22.9 31.1 -34.8
-28.1
v3 15.7 20.7 18.0 21.0 16.2 19.7 39.0 -29.7 27.4 -32.4 -35.1 21.3
19.7
v4 8.7 2.2 4.8 2.9 5.3 3.0 19.0 -0.2 30.3 24.7 2.8
25.8
Pseudorotation parameters:
23.9(9)
p 148.8(9) | 158.2(8) | 154.4(7) | 157.8(5) | 153(1) | 157.0(7) 22.2(6) 17.7(7) |162.2(3) | 45.5(6) | 25.9(5) | 157.5(9)
28.6(5)
Tm 37.8(6) | 37.7(5) | 36.4(4) | 38.8(3) | 33.8(6) | 36.9(5) 30.74) 31.5(4) | 45.7(2) | 33.2(4) | 35.3(3) | 39.1(6)
Sugar
k C2’-endo | C2'-endo | C2’-endo | C2'-endo | C2'-endo | C2'-endo | C3'-endo | C3’-endo | C2’-endo | C4'-exo |C3’-endo | C2’-endo
pucker
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Table S3. continued
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Duplex EF
c7(l co(l C11(l G8(l G10(1
Angle C1 C3 Ch5 ) " ) G2 G4 G6 ) " G12
cr(n Co(lny | c1i( G8(11) | G1o(1n
-138.1 153.6 48.4
o - -148.1 | -146.5 - 50.3 53.2 75.1 69.1 85.1
161.7 -150.7 64.7
-135.7 149.3 -167.3
] - -116.5 | -116.3 - -170.0 | -177.7 | -178.9 -174.8 177.9
140.4 -122.4 -173.9
54.2 53.3 59.9 -178.0 173.2
v 47.1 55.0 53.4 -174.1 | -167.8 | -169.6 -178.3
55.1 61.7 56.7 91.8 1725
140.4 145.2 139.0 90.5 93.0
h) 146.2 146.7 146.2 88.2 93.4 157.2 156.5
145.3 137.1 139.9 92.0 90.8
-95.3 -107.7 179.2
€ -98.7 -101.4 -101.7 -92.7 -95.4 -118.8 -125.3 - -
-96.1 -176.6 -110.5
83.4 -67.7 75.6
¢ 79.8 82.4 68.9 77.7 67.3 -72.3 -67.2 - -
73.8 77.4 -71.8
X -150.0 | -149.8 | -157.0 | -1479 | -155.6 | -155.5 61.9 65.4 78.4 56.9 55.2 76.6
Vo -22.7 -19.6 -26.6 -26.8 -30.5 -31.2 -7.3 -1.9 -14.7 0.8 -2.0 -23.0
38.9 -20.3 -16.4
V1 34.2 33.9 39.7 41.8 39.2 -12.1 -10.5 34.7 40.3
40.1 -15.8 -18.5
-35.8 30.8 26.6
2 -32.2 -34.6 -37.0 -35.2 -32.3 25.8 18.1 -40.6 -41.9
-37.9 22.1 31.0
20.8 -32.2 -28.6
v3 19.9 24.5 22.7 18.8 15.0 -30.9 -20.4 32.7 28.9
23.0 -22.5 -33.9
3.7 20.0 18.7
V4 1.6 -3.3 2.3 7.3 10.5 24.4 14.1 -11.2 -4.0
2.1 13.8 24.0
Pseudorotation parameters:
156.5(5) 17.6(9) | 21.5(7)
p 159.1(7) | 166.7(8) | 158.5(7) 151.6(9) | 146.9(7) | 32.0(7) | 24.2(9) | 177.5(4) 166.9(4)
158.8(6) 16(1) 23(1)
39.8(4) 33.4(5) | 29.3(4)
Tm 35.3(4) | 36.6(5) | 40.9(5) 41.6(7) | 39.4(5) | 31.1(4) | 20.6(3) | 41.3(3) 43.6(3)
41.5(4) 24.0(5) | 34.8(7)
Sugar
« C2’-endo | C2'-endo | C2'-endo | C2'-endo | C2'-endo | C2’-endo | C3’-endo | C3’-endo | C2'-endo | C3’-endo | C3’-endo | C2'-endo
pucker
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Table S3. continued

Duplex GH
co(n | cri(n G8(l) | G10(I)
Angle C1 C3 C5 C7 G2 G4 G6 G12
co(In | c1a(my G8(I1) | G1o(ln
-139.0 | 154.2
o - -144.9 | -146.9 - 51.8 54.3 74.2 51.9 66.9 84.6
167.8 | -149.3
-133.8 | 149.2
] - -118.9 | -118.0 - -170.9 | -1775 | 179.8 | -168.1 | -175.0 | 1786
1456 | -119.6
55.0 61.0 -179.0 | 173.0
v 46.6 52.6 54.5 52.5 -174.8 | -168.4 | -168.4 -178.5
56.2 55.0 -175.1 | 1754
143.9 138.2 91.0 100.5
& 144.7 148.5 144.2 142.9 88.8 94.6 158.8 156.1
136.1 140.2 87.6 85.0
-104.7 | -179.2
€ -99.7 -100.2 | -101.5 -96.0 -92.5 -97.8 -116.3 | -121.5 - -
-178.7 | -112.0
-71.6 68.1
¢ 79.4 81.2 69.9 82.7 77.4 68.6 =725 -69.4 - -
77.8 -64.9
X -150.3 | -149.2 | -156.8 | -148.0 | -1559 | -154.6 60.7 64.5 77.9 57.6 56.1 76.5
v0 -23.9 -20.9 -27.4 -24.7 -29.9 -31.5 -1.4 -1.2 -14.7 1.0 0.1 -22.1
-19.6 -19.3
vl 34.8 36.5 41.3 38.2 41.4 39.7 -12.0 -11.3 35.5 39.3
-16.9 -17.5
29.9 29.6
v2 -32.1 -37.0 -38.7 -37.0 -34.9 -33.4 25.5 18.7 -41.5 -40.7
24.3 27.2
-30.5 -30.5
v3 19.2 26.4 24.0 23.3 18.8 16.0 -30.9 -20.4 33.9 28.4
-24.5 -28.4
18.8 19.2
v4 2.8 -35 2.0 0.9 6.9 10.0 24.4 13.6 -115 -4.2
15.2 18.6

Pseudorotation parameters:

157.2(7) | 166.7(8) | 159.0(7) | 160.6(5) | 152.0(9) | 147.9(8) | 32.3(7) | 22.0(8) | 177.8(5 17.007) 1 181(7) 167.3(5
p 2(7) 7(8) 0(7) 6(5) .0(9) 9(8) | 32.3(7) .0(8) 8(5) 161) | 18.965) 3(5)

35.7(5) | 39.2(6) | 42.6(5) | 39.9(4) | 41.1(7) | 40.2(5) | 31.0(4) | 20.8(3) | 42.3(4 32004) | 3220 42.5(4
Tm 7(5) | 39.2(6) | 42.6(5) | 39.9(4) | 41.1(7) | 40.2(5) | 31.0(4) | 20.8(3) | 42.3(4) 26.1(5) | 20.6(5) 5(4)

Sugar
gk C2’-endo | C2'-endo | C2'-endo | C2'-endo | C2'-endo | C2'-endo | C3’-endo | C3'-endo | C2'-endo | C3’-endo | C3’-endo | C2'-endo
pucker

All numerical values in the Table are in degrees. The furanose pseudorotation amplitude (t») and phase angle
(P) as well as their deviations (values in parentheses) from the ideal (cyclopentane) model were calculated by
the method of Jaskolski (1984). The upper/bottom values refer to conformation I/1l. Angle definiton: a: 03'(n-
1)-P-O5'-C5' B: P-O5'-C5’-C4’, y: 05'-C5'-C4'-C3’, §: C5'-C4'-C3'-03’, €: C4'-C3'-03'-P(n+1), : C3'-03'-P(n+1)-
05’(n+1), x: 04’-C1’-N1-C2 (pyrimidines) or 04’-C1'-N9-C4 (purines).
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Table S4  Rmeas® (%) calculated by POINTLESS (Evans, 2006) for experimental and calculated intensities
for Patterson symmetries consistent with different composite symmetries introduced by potential twinning of
the crystal (P2; data).

Patterson symmetry Rimeas (lobs) Rmeas (lcalc)
Cmmm? 31 71
Cmmm? 35 70
Cmmm? 4 23

P6/m 31 72
P6/mmm 26 62

! Rimeas is the redundancy-independent (multiplicity-weighted) R factor (Diederichs & Karplus, 1997).

2 Three different orientations of the C-centered cell: C1, C; and Cs, as described in section 3.6.
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Table S5  Rworkand Riree factors (%) for refinement with REFMACS (Murshudov et al., 2011): (i) without

twin option (no twinning), and assuming successively (ii) composite symmetry 222 only (two-fold twinning),
and (iii) composite symmetry 622 (six-fold twinning).

Refinement mode Rwork Riree
(i) no twinning 35.28 39.72

(ii) two-fold twinning? 31.75 37.98
(iii) six-fold twinning 11.36 16.91

! Calculated with ‘TWIN FilterLevel 0.2’ option.



Acta Cryst. (2016). D72, do0i:10.1107/S2059798315024365 Supporting information, sup-9

REFERENCES

Diederichs, K. & Karplus, P. A. (1997). Nature Struct. Biol. 4, 269-275.

Evans, P. R. (2006). Acta Cryst. D62, 72-82.

Murshudov, G. N., Skubak, P., Lebedev, A. A., Pannu, N. S., Steiner, R. A., Nicholls, R. A., Winn, M. D., Long,
F. & Vagin, A. A. (2011). Acta Cryst. D67, 355-367.

Jaskolski, M. (1984). Acta Cryst. D40, 364-366.

Karplus, P. A. & Diederichs, K. (2012). Science 336, 1030-1033.



