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Supplementary Figure 1. The packing of [GCGGCGGC], duplexes in the P1 crystal lattice.
All the 18 independent molecules stack end-to-end and form semi-infinite parallel columns.
The equivalent arrangement shown on the right corresponds more closely to the dimensions of

the unit cell.



a)

b)

Supplementary Table 1. Displacement® (A) for the 18 duplexes in the crystal structure of (GCGGCGGC), (a), [GC(8-BrG)GCGGCGGC], (b) and
[GC(8-BrG)GCGGC]; (c). Multiple conformations are detailed in (b) and (c).

chain AB | cD | EF | GH 1 | KL | MN | op | QR | sy | TU | vz | wx | ab | «cd ef gh i
G-C 64 | 70 | 72 | 65 66 | 67 74 | 68 73 | 71 | 71 69 | 70 | 67 | 65 66 | 65 | 6.7
CG 67 | 69 | 70 | 63 68 | 67 | 72 | 67 70 | 69 | 68 | 67 | 72 | 71 | 67 | 70 | 67 | 70
G-G 63 | 68 | 63 | 62 62 | 62 | 64 | 63 63 | 64 | 64 | 61 | 66 | 66 | 63 68 | 65 | 65
G-C 65 | 65 | 67 | 68 65 | 66 | 66 | 67 66 | 66 | 66 | 67 | 69 | 67 | 68 71 | 69 | 64
C-G 60 | 71 | 69 | 65 68 | 68 64 | 65 64 | 67 | 69 68 | 71 | 67 | 70 | 67 | 64 | 66
G-G 61 | 68 | 63 | 61 64 | 63 63 | 64 62 | 65 | 64 | 65 | 69 | 64 | 64 | 66 | 62 | 62
G-C 69 | 69 | 67 | 68 67 | 64 68 | 68 67 | 70 | 69 | 67 | 72 | 69 | 68 71 | 68 | 66
C-G 66 | 65 | 64 | 67 62 | 61 62 | 68 62 | 65 | 70 | 67 | 67 | 70 | 66 | 69 | 68 | 64
average 64 | 68 | 67 | 65 65 | 65 67 | 66 66 | 67 | 68 | 66 | 70 | 68 | 66 | 68 | 66 | 65
s.d. 03 | 02 03 | 03 | 03 | 03 | 04 02 | 04 | 03 | 03 02 | 02 |02 | 02 |02 | 02 | 02
chain AB CD EE'
G-C 79175 77176168/6.7 8.1/8.0/84/8.2
C-G 8.2/7.7 80/7.9/74/7.2 7817.7183/8.2 ) chain AB
GBrGY 78/79/73/73 | 73/7.1/68/66 72170177175 G-C 5.5
G-C 76/7.7/173/74 | 7.0/69/6.6/65 83/8.2/86/85 C-G 5.8
CG 64/65/64/65 | 60/54/6.0/54 80/83/83/85 NEEEEN st
G-G 70169 59/54/59/53 8.3/8.6 G-C 6.2
G-C 78177177175 | 65/66/6.4/65 8.3/8.0/85/8.3 C-G 6.6
C-G 81/7.9/80/78 | 69/7.0/6.9/7.0 8.2/8.3/85/8.6 G-GBr 6.0/5.7
G-GBr | 6.5/6.3/6.5/6.2 56/57/57/5.8 70172175177 G-C 6.2
G-C 6.2/6.3/6.4/6.4 51/5.4 77178182183 C-G 6.7
C-G 6.1/55/65/59 | 50/49/53/53 8.0/8.1/82/84

average 6.0
average 7.1 6.3 8.1 s.d. 0.4
s.d. 0.7 0.9 0.4




b)

Supplementary Table 2. Angle* (°) for the 18 duplexes in the crystal structure of (GCGGCGGC); (a), [GC(8-BrG)GCGGCGGC]; (b) and
[GC(8-BrG)GCGGC]; (c). Multiple conformations are detailed in (b) and (c).

chain AB | CD EF | GH 1J KL | MN | OP | QR | SY | TU | VZ | WX | ab cd ef gh ij
G-C 65 | 88 | 73 | 62 | 96 | 106 | 50 | 36 | 55 | 42 | 57 | 42 | 68 | 75 | 60 | 52 | 42 | 44
C-G 38 | 70 | 59 | 43 | 101 | 106 | 47 | 31 | 55 | 38 | 44 | 40 | 62 | 49 | 58 | 38 | 35 | 31
G-G 53 | 71 | 68 | 59 | 86 | 90 | 78 | 48 | 82 | 83 | 61 | 62 | 60 | 50 | 59 | 34 | 44 | 57
G-C 46 | 43 | 72 | 57 | 43 | 54 | 85 | 37 | 89 | 56 | 53 | 64 | 32 | 59 | 26 | 18 | 27 | 6.2
C-G 58 | 46 | 66 | 65 | 36 | 43 | 69 | 38 | 77 | 73 | 51 | 53 | 30 | 39 | 18 | 26 | 55 | 46
G-G 62 | 77 | 80 | 58 | 60 | 72 | 70 | 51 | 80 | 74 | 57 | 68 | 52 | 65 | 56 | 46 | 51 | 52
G-C 23 | 79 | 76 | 36 | 72 | 95 | 46 | 27 | 52 | 54 | 31 | 44 | 52 | 33 | 63 | 51 | 34 | 59
C-G 52 | 73 | 102 | 53 | 93 | 106 | 79 | 35 | 84 | 88 | 44 | 73 | 81 | 32 | 73 | 54 | 37 | 69
Average 50 | 68 | 74 | 54 | 73 | 84 | 65 | 38 | 72 | 64 | 50 | 56 | 55 | 50 | 52 | 40 | 40 | 52
s.d. 14 | 16 | 13 | 10 | 25 | 25 | 15 | 08 | 15 | 19 | 10 | 13 | 17 | 16 | 19 | 13 | 09 | 12
chain AB CD EE'
G-C 2.2/2.6/50/55 0.9/1.0/3.1/3.2 9.1/8.9/5.6/55 c) chain AB
C-G 23123174176 09/09/38/38 | 14.1/13.9/83/8.1 G-C 13.2/13.3
GBr-G 6.2/6.0/10.2/10.1 40/40/65/6.4 |18.9/18.6/12.9/12.7 C-G 12.9/12.8
G-C 7.416.9/6.7/6.2 46/45/45/4.4 10.6/10.4/8.9/8.7 GBr-G 135/13.2
C-G 10.0/9.5/9.5/8.8 6.2/7.8/58/75 6.9/6.1/6.1/5.2 G-C 9.0/8.7
G-G 72167173167 6.3/6.8/6.4/7.0 7.0/6.0 C-G 6.0/5.8
G-C 1.3/0.9/21/16 25/2.4/3.1/3.1 6.1/6.9/5.2/6.1 G-GBr 10.8/10.4
C-G 2.3/22136135 2.0/2.0/2.9/3.0 10.4/10.6/8.7/8.9 G-C 10.0
G-GBr 8.9/9.0/10.3/10.4 6.7/7.7 18.6/18.9/12.7/12.9 C-G 9.5/9.7
G-C 10.9/10.4/12.1/11.7 | 95/9.6/10.2/10.3 | 13.9/14.1/8.1/8.3
C-G 12.5/11.5/13.2/12.1 | 10.3/10.4/10.6/10.7 | 89/9.1/55/5.6 average 105

s.d. 2.5
Average 7.1 55 9.7
s.d. 3.6 3.0 4.0




b)

Supplementary Table 3. Helical twist® (°) for the 18 duplexes in the crystal structure of (GCGGCGGC), (a), [GC(8-BrG)GCGGCGGC], (b) and

[GC(8-BrG)GCGGC], (c). Multiple conformations are detailed in (b) and (c).

chain AB CcD EF GH 1J KL MN oP QR Sy TU \V74 WX ab cd ef gh ij
G-C 31.0 34.8 29.6 323 29.7 28.8 30.5 321 30.7 31.8 31.3 33.6 31.8 29.3 30.3 30.9 32.0 31.3
C-G 29.4 311 27.6 335 32.4 33.6 27.2 25.3 26.6 27.8 25.6 27.2 33.8 29.3 33.2 335 26.4 27.4
G-G 335 26.2 327 26.8 27.3 28.2 326 338 335 32.8 33.1 32.9 25.8 30.9 28.4 27.0 35.4 327
G-C 30.7 34.1 311 33.4 318 327 29.5 31.9 30.8 30.6 321 317 27.2 32.0 29.5 27.7 321 319
C-G 327 25.6 29.5 327 28.1 29.6 34.8 32.4 34.6 323 345 326 27.9 32.8 278 25.3 30.1 29.6
G-G 27.4 32.2 32.8 26.9 34.0 33.7 28.2 26.1 28.8 30.3 24.8 26.7 33.3 27.5 34.1 335 28.3 32.6
G-C 30.1 311 28.0 316 29.1 28.2 326 313 32.4 29.9 30.7 31.1 30.6 30.8 28.3 317 31.2 324
average 30.7 30.7 30.2 31.0 30.3 30.7 30.8 30.4 311 30.8 30.3 30.8 30.1 30.4 30.2 29.9 30.8 311
s.d. 2.1 3.6 2.1 2.9 2.4 2.5 2.7 3.3 2.8 1.7 3.7 2.8 3.1 1.8 2.5 3.3 2.9 2.0
chain AB CD EE'

G-C 35.1 27.8129.9 32.0/347

C-G 32.4/30.8 31.8/33.2 36.8 /33.7 C) chain AB

GBr-G 25.3/27.8 29.1/29.3 20.4/16.7 G-C 32.6

G-C 32.1/358 26.9/33.5/31.0/37.6 | 35.7/32.2/33.4/30.0 C-G 36.7

C-G 27.1 28.03/ 28.6 17.71/31.9 GBr-G 27.6

G-G 27.0 345/27.2 31.9/17.7 G-C 34.0/33.9

G-C 33.9 33.6 32.2/35.7/30.0/33.4 C-G 28.0/25.5

C-G 21.8 28.5 16.7/20.4 G-GBr 33.1/356

G-GBr 36.1/33.1 35.1 33.7/36.8 G-C 33.8

G-C 30.5/39.2 28.6 34.7/32.0 C-G

C-G

average 324
average 30.2 30.8 29 s.d. 3.8
s.d. 4.8 2.9 7.3




b)

Supplementary Table 4. Rise* (A) for the 18 duplexes in the crystal structure of (GCGGCGGC), (a), [GC(8-BrG)GCGGCGGC], (b) and
[GC(8-BrG)GCGGC]; (c). Multiple conformations are detailed in (b) and (c).

chain A [ cD | EF [GH | W [ kL [ MmN opr [or [ sy [ Tu | vz ] [wx ] a [ cd | e [ gn ij
G-C 31 | 31 | 30 | 32 | 34 | 33 | 31 ] 31 |30 | 31 | 32 |32 ] 34 |30 | 33 | 34 |30 31
C-G 30 | 30 | 28 | 27 | 31 | 30 | 28 | 30 | 27 | 29 | 29 | 27 | 31 | 30 | 31 | 32 | 31 | 29
G-G 31 | 28 | 29 | 31 | 27 | 27 | 31 | 32 | 31 | 28 | 30 | 29 | 29 | 30 | 29 | 30 | 31 | 31
G-C 34 | 30 | 34 | 35 | 31 | 30 | 35 | 35 | 35 | 33 | 35 | 36 | 32 | 33 | 32 | 32 | 36 | 32
C-G 20 | 28 | 28 | 30 | 29 | 28 | 30 | 31 | 29 | 31 | 31 | 31 | 29 | 30 | 29 | 30 | 29 | 30
G-G 30 | 31 | 28 | 29 | 30 | 30 | 30 | 30 | 29 | 29 | 30 | 28 | 31 | 30 | 31 | 32 | 29 | 30
G-C 32 | 31 | 32 | 31 | 32 |32 | 20| 32| 29| 29| 30 |30 ]33 | 31|33 |34 |32 31
average 31 | 30 | 30 | 31 | 30 |30 | 30| 31|30 |30 | 31|31 ] 31|31 ] 31|32 31|31
s.d. 02 | 01 |02 | 02 |02 |02 |02 02|02 02|02 ]|03]02]01]02]02]o02]o01
chain AB CD EE'
G-C 3.1/3.0/3.4/3.4 3.3/3.3/3.4/3.4 3.0/3.1/2.8/28
CG 3.2 3.3 25126 ) _
GBr-G 3.0/2.6 31/31/28/28 23123127128 chain AB
G-C 3.0 3.0/2.8/3.0/2.8 2.8/2.9/3.0/3.1 G-C 2.9
CG 2.8/2.8/2.8/2.9 2.7 3.1/2.7/3.2128 ¢S 30
G-G 2.8 29/31/29/3.1 27/31/2.8/3.2 G:_rf 2'2/:7
G-C 3.3/3.2 3.5 2.9/2.8/3.1/3.0 o 2o
CG 3.0/2.9 3.1 23123128127 S ot
G-GBr 26/2.8/2.612.7 29/2.8/2.8/28 25/2.5/2.6/2.6 oC 2o
G-C 3.0/2.9 2.7 3.1/3.0/2.8/28 oG

average 2.8
average 3.0 3.0 2.8 sd. 0.2
s.d. 0.2 0.3 0.3

¥ Definitions of displacement, angle, twist and rise according to Dickerson et al. J. Mol. Biol. (1989) 205, 787-791.




Supplementary Table 5. The distribution of syn-anti conformation along the duplexes in the (GCGGCGGC); (a), [GC(8-BrG)GCGGCGGC],
(b) and [GC(8-BrG)GCGGC]; (c).

chain AB CD EF GH 1J KL MN oP QR Sy TU \V4 WX ab cd ef gh ij
G-C
C-G
G-G | anti-syn | syn-anti | anti-syn | disorder | syn-anti | syn-anti | anti-syn | anti-syn | anti-syn | anti-syn | anti-syn | anti-syn | syn-anti | anti-syn | syn-anti | syn-anti | anti-syn | anti-syn
G-C
C-G
G-G | syn-anti | anti-syn | anti-syn | syn-anti | anti-syn | anti-syn | syn-anti | syn-anti | syn-anti | syn-anti | syn-anti | syn-anti | anti-syn | syn-anti | anti-syn | anti-syn | disorder | anti-syn
G-C
C-G
b) chain AB CD EE'

G-C c) chain AB

C-G

GBr-G i i i c-C

r- syn-anti | syn-anti | syn-anti
C-G

G-C .

cG GBr-G | syn-anti

G-G anti-syn | disorder | disorder G-C

G-C C-G

C-G G-GBr | anti-syn

G-GBr | anti-syn | anti-syn | anti-syn G-C

G-C C-G

C-G




Supplementary Table 6. Comparison of characteristic features of double helical CGG, CAG (1)

and CUG (2) repeats.

N-N pairing interaction

Manner of
accommaodating N-N
(according to direction of
the glycosidic bond, 1)

Effect of N-N
conformation on
neighbouring N-N

along the duplex

N1H---06 and
exo-N2H---N7
and intra-molecular:
exo-N2H---02

One Gisinsyn
conformation (inclined
towards the major
groove)

Symmetric
arrangements are
clearly favoured

C2-H2--N1 hydrogen
bond

One A turned towards
major groove
(“thumbs-up™)

Co-operativity: A-A
pairs in consecutive

Feature CGG CAG CUG
Helix form A A A
Helical twist™ (°) 30-32 28.5+5.7 33.6+4.1
Major groove width" (A) ~ 17.9+0.9,17.8 + 2.5,

14.3 (three models) 23.8+0.2 12.7+£23

: e

Minor groove width' (A) ~ 15.8 + 0.?,6115.4 +0.5, 153 4 0.1 157 4 0.4
Average C1'-C1' distance
for N-N* (and for the 11.3 (10.7) 11.0 (10.7) 10.4 (10.5)
other pairs) (A)
Local effect of N-N on local unwinding,
helicity compensated elsewhere unwinding not observed

N3-H3:-04 hydrogen
bond

One U inclined towards
minor groove

No effect: each U-U
takes one of two

repeats have alternative possible conformation

conformations

independently

Electrostatic profile

Alternating stripes of

positive and negative

potential due to C-G
pairs

Alternating stripes of

positive and negative

potential due to C-G
pairs

Alternating stripes of

positive and negative

potential due to C-G
pairs

Observed ligand affinity
of N-N

Exposed functional
groups of N-N:

- major groove

Sulphate or Ca **
binding in major groove

G(anti) O6 carbonyl
G(syn) O6 carbonyl, N1
amino, N2 exo-amino

Sulphate binding in
major groove

First A N6 amino
Second A N1 imino,
N6 amino

Sulphate or glycerol
through-water binding
in major groove

First U O4 carbonyl

- minor groove

G(anti) N3 imino, N2
ex0-amino

First A N3 imino
Second A N3 imino

First U O2 carbonyl
Second U O2 carbonvl,
N3 amino

“ Average for A-RNA is 33.1 (3).
" The values given are the “refined” widths, according to the program 3DNA (4).
¥ G-G or A-A or U-U base pair.
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