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TABLE S1. The RNA secondary structure fragmentation based on its tree graph representation.
The 5S rRNA secondary structure as an example

5S rRNA H. Marismortui secondary structure 5S rRNA tree graph representation (numbered)
derived from the X-ray structure (PDB ID 1FFK)
Graph Structure element Size In-secondary RNA FRABASE dictionary
element [nt] structure localization input pattern ®
first residue last strand secondary structure
residue | name sequence topology
vertices
0 single 5 end 4 1 4 strandl | "UUAG A
strands | 3' end 4 119 122 strand2 | CACC$ )...$
1 3-way junction loop 16 9 14 strandl | CCACAG (o (
67 71 strand2 | CGUUC ). (
110 114 strand3 | GUUCG )...)
2 bulge 5 15 16 strandl | CG ((
64 66 strand2 | CAG ).)
3 internal loop 14 21 29 strandl | GGUUGCCU [
54 59 strand2 | AUAAGC )..n)
4 bulge 6 29 30 strandl | CC ((
50 53 strand2 | GAAG ).)
5 internal loop 10 33 37 strandl | UACCC ((
43 47 strand2 | GAACA )...)
6 hairpin loop 7 37 43 strandl | CAUCCCG ()
7 internal loop 13 75 81 strandl | GGAGUAC (eene(
101 106 strand2 | GGAAAC ).ees)
8 bulge 5 86 88 strandl | GUG ((
95 96 strand2 | CC )
9 hairpin 6 89 94 strandl | CGCGAG ()]
edges
1 stem 12 4 9 strandl | GGCGGC (((
114 119 strand2 | GCCGCC M)
2 stem 4 14 15 strandl | GC ((
66 67 strand2 | GC )
3 stem 12 16 21 strandl | GGUGGG ((«
59 64 strand2 | CCCACC m))
4 stem 4 28 29 strandl | UC ((
53 54 strand2 | GA )
5 stem 8 30 33 strandl | CCGU ((«(
47 50 strand2 | ACGG )
6 single base pair 2 37 37 strandl |C (
43 43 strand2 | G )
7 stem 10 71 75 strandl | CCGGG (@
106 110 strand2 | CCCGG m)
8 stem 12 81 86 strandl | CUGGAG (((«
96 101 strand2 | CUCUGG m))
9 stem 4 88 89 strandl | GC ((
94 95 strand2 | GC )

 notation as reported in the RNA FRABASE (25)



TABLE S2. The RNA FRABASE dictionary statistics of secondary structure and tertiary structure

elements

Number of elements ®

secondary structure

Structure element elements tertiary
structure
sequence sequence elements
not specified specified
Loops:
hairpin 35 1,525 21,869
bulge and internal 338 5,458 70,604
3-way junction 889 1,874 13,740
4-way 928 1,422 8,584
5-way 720 910 6,580
6-way 174 210 1,164
7-way 336 392 1,680
8-way 112 128 200
9-way 27 27 27
10-way 40 50 50
11-way 217 230 231
12-way 48 58 60
14-way 14 14 14
Stems 17 1,828 63,417
Single strands:
5'-end 10 38 155
3'-end 30 187 1,387
linking domains 21 113 1,166
All 3,956 14,464 190,928

3 n order to increase the number of items in the dictionary, strand shift
operation (25) was applied for such elements like bulges, internal and

n-way junction loops.




TABLE S3. Statistical analysis of machine translation steps and properties of the 3D models predicted
for a set of 95 RNAs with randomized sequence

Refinement

No. | Strand Fragmentation In-dictionary search Secondary | Precision
length | number of secondary structure number of secondary number of final structure r.m.s.d
[nt] elements structure elements 3D models conservation R
found with missing | refined with Mcc]?
sequence similarity energy not
refined
total | single | loops | stems | complete not
strands complete low high
1 30 4 2 1 1 0 4 0 10 0 0 1.00 1.9
2 35 5 1 2 2 1 4 0 10 0 0 1.00 2.0
3 40 3 1 1 1 1 2 0 10 0 0 1.00 14
4 45 8 2 3 3 3 5 0 10 0 0 1.00 2.0
5 50 6 2 2 2 1 5 0 10 0 0 0.96 5.3
6 55 9 3 4 2 3 6 0 10 0 0 0.98 4.0
7 60 6 2 2 2 1 5 0 10 0 0 1.00 1.7
8 65 12 2 5 5 5 7 0 10 0 0 0.99 3.9
9 70 8 2 3 3 1 6 1 10 0 0 1.00 25
10 75 14 3 6 5 8 6 0 10 0 0 0.96 6.0
11 80 15 2 7 6 9 6 0 10 0 0 1.00 5.5
12 85 18 2 8 8 10 8 0 10 0 0 1.00 7.8
13 90 16 1 8 7 9 6 1 8 0 2 0.99 4.9
14 95 12 2 5 5 2 10 0 10 0 0 0.99 2.9
15 100 16 2 7 7 6 10 0 10 0 0 1.00 7.4
16 105 23 5 9 9 11 12 0 9 0 1 0.99 6.9
17 110 16 4 6 6 3 13 0 10 0 0 1.00 13.2
18 115 20 3 9 8 8 12 0 9 0 1 0.98 9.7
19 120 15 2 7 6 2 12 1 10 0 0 0.98 11.6
20 125 18 3 8 7 6 11 1 10 0 0 0.99 3.6
21 130 15 3 6 6 4 10 1 10 0 0 1.00 9.0
22 135 24 2 11 11 14 9 1 9 0 1 0.98 6.5
23 140 22 1 11 10 14 7 1 8 0 2 0.98 7.4
24 145 26 0 13 13 16 9 1 7 0 3 0.99 4.5
25 150 28 1 14 13 17 11 0 10 0 0 1.00 8.8
26 155 21 3 9 9 6 15 0 10 0 0 0.99 7.1
27 160 22 2 10 10 5 16 1 6 0 4 0.98 7.0
28 165 27 3 12 12 11 16 0 10 0 0 1.00 6.8
29 170 28 2 14 12 11 17 0 9 0 1 0.98 10.5
30 175 26 2 12 12 12 12 2 10 0 0 1.00 17.1
31 180 29 1 14 14 14 13 2 10 0 0 1.00 9.5
32 185 28 3 13 12 7 21 0 8 0 2 0.98 19.4
33 190 24 1 12 11 8 15 1 7 1 2 0.98 12.7
34 195 24 2 11 11 10 12 2 9 0 1 0.99 7.3
35 200 31 3 14 14 13 18 0 8 0 2 0.99 13.1
36 205 31 2 15 14 11 18 2 9 1 0 0.98 4.9
37 210 39 2 19 18 22 16 1 9 0 1 0.99 8.2
38 215 32 3 15 14 16 15 1 9 0 1 0.98 18.3
39 220 36 4 17 15 10 26 0 5 2 3 0.96 11.0
40 225 35 1 17 17 12 21 2 10 0 0 0.99 11.1
41 230 36 4 16 16 11 24 1 9 0 1 0.99 8.1
42 235 33 3 15 15 10 21 2 7 0 3 0.99 20.1
43 240 36 3 17 16 13 23 0 10 0 0 0.99 8.6
44 245 40 1 20 19 22 17 1 9 1 0 1.00 8.2
45 250 41 2 21 18 18 22 1 6 0 4 0.96 12.2
46 255 38 3 18 17 13 24 1 9 1 0 1.00 8.4
47 260 41 2 20 19 14 24 3 7 1 2 0.99 8.3
48 265 50 3 25 22 25 25 0 9 0 1 0.99 11.6
49 270 35 1 18 16 9 24 2 9 0 1 1.00 8.5
50 275 37 2 18 17 8 28 1 9 1 0 0.99 17.8
51 280 33 1 16 16 12 18 3 6 1 3 0.99 18.3
52 285 48 4 22 22 24 23 1 6 3 1 0.99 105
53 290 43 3 21 19 15 25 3 9 0 1 0.99 10.5
54 295 41 2 20 19 9 30 2 4 3 3 0.98 10.7
55 300 39 1 20 18 10 25 4 9 0 1 0.99 6.5
56 305 49 5 23 21 20 27 2 8 0 2 0.98 15.2
57 310 39 2 19 18 13 24 2 9 0 1 0.99 15.1
58 315 47 1 23 23 19 25 3 8 1 1 0.99 9.2
59 320 46 2 23 21 20 24 2 10 0 0 0.99 10.3
60 325 46 2 22 22 19 26 1 7 0 3 0.98 8.4
61 330 52 3 26 23 26 23 3 6 1 3 0.99 15.8
62 335 45 2 22 21 15 27 3 8 1 1 1.00 22.1
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63 340 48 3 23 22 16 30 2 9 1 0
64 345 53 2 27 24 15 35 3 9 1 0
65 350 50 1 25 24 20 29 1 8 0 2
66 355 56 2 28 26 20 36 0 3 1 6
67 360 45 1 23 21 15 28 2 10 0 0
68 365 53 3 26 24 16 35 2 9 0 1
69 370 53 4 26 23 18 34 1 6 0 4
70 375 52 3 26 23 17 31 4 9 1 0
71 380 55 3 26 26 19 32 4 9 1 0
72 385 59 2 31 26 20 39 0 8 1 1
73 390 63 2 32 29 31 31 1 7 0 3
74 395 54 2 28 24 23 29 2 5 3 2
75 400 52 3 25 24 19 30 3 3 4 3
76 405 55 3 27 25 19 33 3 10 0 0
77 410 55 2 27 26 14 40 1 7 2 1
78 415 65 2 32 31 24 40 1 3 5 2
79 420 71 1 38 32 34 36 1 8 0 2
80 425 52 2 26 24 14 34 4 4 1 5
81 430 57 4 27 26 16 38 3 3 5 2
82 435 69 3 35 31 29 37 3 8 0 2
83 440 72 5 34 33 27 42 3 4 3 3
84 445 52 2 25 25 16 32 4 5 2 3
85 450 67 1 35 31 32 34 1 7 1 2
86 455 68 3 33 32 28 36 4 6 3 1
87 460 62 2 31 29 23 35 4 5 4 1
88 465 59 3 28 28 18 37 4 3 3 4
89 470 59 3 29 27 19 35 5 3 4 3
90 475 61 3 29 29 26 31 4 8 1 1
91 480 74 2 37 35 33 37 4 3 2 5
92 485 71 4 35 32 31 36 4 8 1 1
93 490 75 4 38 33 32 40 3 2 4 4
94 495 74 3 39 32 31 40 3 2 6 2
95 500 70 2 34 34 24 41 5 4 4 2

sum 741 82 127

3 Average of Matthews correlation coefficient (41) between the input and recovered secondary structures derived from the 10

final 3D models.
b) Average heavy-atom r.m.s.d. between the 10 final RNA 3D models and their mean coordinates structure.




Table S4. 3D structure prediction details for the 500-mer RNA with randomized sequence

Target secondary structure element Source tertiary structure element Selection criteria
No. | Size | localization secondary structure localization secondary structure secondary | sequence | pyrimidines source | energy
: : structure_ | similarit / purines structure
[nt] residues PDB residues topology® vy y con?patibility resolution [kcal/mol]
first | last sequence topology ID first last sequence topology [%] €) [A]
Single strands
0 5 1 5 GUACU . ( 3121 A 1 5 UGAAG e identical 20.0 20.0 3.7 -30.4
6 495 500 AUUCAU ) 1F7UB 71 76 AAGCCA ) identical 333 333 2.2 -47.6
Loops
1 5 6 7 GA («( 31550 2279 2280 GA (¢ identical 100.0 100.0 31 -17.7
492 494 UAC ).) 2290 2292 UAC ).)
2 12 11 19 GACUAAUCU [ 1AUD B 18 26 CAUUGCACC [ identical 33.3 58.3 R -157.6
486 488 GCC ).) 5 7 GAG ).)
3 6 23 25 UAA (( 1IZX A 1680 1682 UAA (( identical 100.0 100.0 31 -29.6
480 482 UCA ).) 1978 1980 UCA ).)
4 5 27 29 GUC (( 1F7H A 5 7  GUC (( identical 100.0 100.0 -9 -128.3
477 478 GC ) 22 23 GC )
5 9 32 37 CGAAGC (e 3E5C A 27 32 AGAUGC (cne( identical 66.7 66.7 2.2 -119.5
472 474 GAG ).) 12 14 GAU ).)
6 5 41 42 CC («( 2ZJR X 863 864 CC (( identical 100.0 100.0 2.9 -75.9
466 468 GCG ).) 938 940 GCG ).)
7 8 47 48 CC (( 1C2WB 2512 2513 CA («( identical 50.0 75.0 7.5 -105.2
456 461 GAUACG )...) 2571 2576 UACGCG )...)
8 12 55 58 UACU (-( INWX 0 2489 2492 CUCG (( identical 33.3 75.0 3.5 -174.1
442 449 AACGUAGA )eersd) 2550 2557 CACGCGAG ).orn)
9 6 60 62 UCU (( 2GY9 A 80 82 UCU (( identical 83.3 100.0 15.0 -96.7
438 440 AAA ).) 72 74 AGA ).)
10 21 66 81 ACAUAUAUGUAAACAG [ PR (
127 129 CAA ).( missing in dictionary tertiary structure element is generated
433 434 UU )
11 14 84 90 AAAAAAG (e 2AAR O 2540 2546 AUUAAAG [ identical 64.3 71.4 35 -113.0
97 100 CCAC )..( 2496 2499 CAUC )..(
122 124 GCU ).) 2524 2526 GUU ).)
12 6 91 96 GUCGUC (.. 3JYX5 1022 1027 GUCUUC () identical 83.3 83.3 8.9 -110.4
13 7 108 114 UCUCUUG (... 2GYB A 803 809 UGUCUCG (... identical 71.4 85.7 15.0 -90.6
14 9 134 135 CG (( INTB B 35 36 CG (( identical 77.8 77.8 2.9 -146.1
422 428 CCUUUCG )] 7 13 CAUUUGG )een)
15 5 137 139 CAC (( 1YL4 A 1242 1244 CAC (( identical 100.0 100.0 55 -91.0
419 420 GG ) 1255 1256 GG )
16 6 143 144 AU (« 1R2P A 8 9 AU (« identical 83.3 100.0 -9 -70.2




412 415 AUGU )..) 24 27 ACGU )..)

17 9 146 147 GG (« 2UUCA 738 739 CG (« identical 44.4 66.7 31 -55.7
154 156 CAG ).( 570 572 CGG ).(
407 410 UAAC ).) 635 638 CUAG )..)

18 6 148 153 UUUAAG (....) 3CMA O 732 737  UUCAAG (...) identical 83.3 100.0 2.8 -54.6

19 | 19 | 163 164 GG («
307 310 CAGU )..( missing in dictionary tertiary structure element is generated
388 400 AAAAACGGCAAGC ) FTR

20 6 170 172  GCG (( 1U9S A 103 105 GCG (( identical 100.0 100.0 2.9 -63.8
299 301 CAC ).) 117 119 CAC ).)

21 | 19 | 173 177 CGGCU (.(
191 195 ACUGA )..( missing in dictionary tertiary structure element is generated
290 298 UAUAUUAAG )......)

22 7 181 187 CCGUCUG (....) 3JYX5 400 406 CCUUCGG (D) identical 71.4 71.4 8.9 -77.1

23 8 198 201 UCUU (-.( 318G 1 1755 1758 UUUU (..( identical 87.5 100.0 3.1 -54.4
284 287 AUCA )..) 1505 1508 AUCA )..)

24 14 205 206 CG («( missing in dictionary tertiary structure element is generated
269 280 UCCACCCAAAGG ) RTT )

25 12 210 215 CAUUUU (e( 2WR Q 1285 1290 CGGAUU (een( identical 50.0 58.3 3.6 -4.3
260 265 AUCCCG )....) 2WRA 1311 1316 AUGAAG )...)

26 10 220 225 GGUCGU (o ( 20GO0 1503 1508 GGUCAG (e( identical 60.0 70.0 3.7 -94.3
252 255 AAAC )..) 1514 1517 CUAC ).)

27 5 227 229 ACG (.( 1BVJ A 5 7 ACG (( identical 100.0 100.0 -9 -72.0
249 250 CU ) 18 19 CU )

28 9 231 237 UUCUCUG (eeen( INTAA 7 13 CAUUUGG [ identical 33.3 77.8 2.9 -155.0
246 247 CA )) INTA B 35 36 CG ))

29 6 239 244 GCACAC (....) 2WH4 A 681 686 GCACGC (....) identical 83.3 100.0 35 -47.8

30 22 313 325 GAACCUAAAUAAG [ CoT—
364 365 CC )( missing in dictionary tertiary structure element is generated
379 385 GAAACCC ).....)

31 6 328 330 UAA (( 2QBA B 2446 2448 CAA (( identical 83.3 100.0 3.5 -43.9
359 361 UAG ).) 2507 2509 UAG ).)

32 16 332 339 AGUUCUAC [ ( 2VHP A 673 680 AGAAUUCC (ceene ( identical 56.2 68.8 3.7 -151.5
350 357 GGCACAAU )......) 710 717 GGAGGAAU )......)

33 10 340 349 CGAGACUAAG [ ) 1P9X 0 2383 2392 CGUGUGGAAG [ identical 60.0 60.0 3.4 -99.2

34 7 369 375 GUAGCGC (en) 1U9S A 10 16  GUAACGC (or) identical 85.7 100.0 2.9 -58.3

Stems

1 4 5 6 UG (« 3MS0 A 894 895 UG (¢ identical 100.0 100.0 3.6 -38.4
494 495 CA ) 1373 1374 CA )

2 10 7 11 AGCGG @ 2VHMB 1396 1400 AGCGG @ identical 100.0 100.0 37 -206.3
488 492 CCGCU M) 1410 1414 CCGCU M)

3 10 19 23  UGUAU (e« 3CF5 X 835 839 UGUAU (e identical 80.0 100.0 3.3 -178.4
482 486 AUACG M) 844 848 GUACA N))

4 6 25 27 AUG (« 1IVOZA 595 597 AUG ((( identical 100.0 100.0 115 -93.9
478 480 CGU )) 627 629 CGU )

5 8 29 32 CGAC ((« 1J5A A 1178 1181 CAAC (((« identical 87.5 100.0 35 -144.3
474 477 GUUG ) 1193 1196 GUUG )




6 10 | 37 41 CCGGC («« 1P9X 0 589 593 CCGGC (« identical 100.0 100.0 34 -104.8
468 472 GCCGG N)) 1269 1273 GCCGG N))

7 12 | 42 47 CUUCGC @ 1QVFO0 930 935 CUCCGC @ identical 75.0 100.0 3.1 -111.2
461 466 GCGAAG M) 1033 1038 GCGGGG M)

8 16 | 48 55 CGUUAACU @ 3EIBB 268 275 CAUUAACU @ identical 81.2 100.0 9.0 -227.7
449 456 AGUUAACG M) 285 292 GGUUAAUG M)

9 6 58 60 UCU (« 2FRL A 7 9 ucu ((( identical 100.0 100.0 R -100.0
440 442 AGA )) 15 17 AGA ))

10 | 10 62 66 UCAUA (@ 20GO0 2827 2831 GCAUA ((« identical 80.0 80.0 37 -12.8
434 438 UGUGA N)) 2836 2840 UGUGU N))

11 8 81 84 GGAA («« 1W2B0 1408 1411 GGAU (((( identical 75.0 75.0 35 -118.2
124 127 UUCC ) 1696 1699 GUCC )))

12 4 90 91 GG (« 3BBXB 1593 1594 GG (« identical 100.0 100.0 10.0 -69.9
96 97 CC )) 1600 1601 CC )

13 | 18 | 100 108 CUGAGUGCU @ 1YJ90 2381 2389 CAGUGUUCU (@@ identical 61.1 66.7 2.9 -340.3
114 122 GGUAUUCAG M) 2399 2407 GGAACGCUG M)

14 | 12 | 129 134 AGUGGC @ 3CULC 2 7  GAUGGC @ identical 83.3 100.0 2.8 -93.7
428 433 GCCAUU M) 12 17 GCCAUU M)

15 6 135 137 GGC (« 1HNXA 489 491 GGC (« identical 100.0 100.0 34 -117.6
420 422 GCC )) 508 510 GCC )N

16 | 10 | 139 143 CCGUA (((« 1JGQD 178 182 CCGGA ((« identical 80.0 80.0 5.0 -188.5
415 419 UACGG N)) 190 194 UCCGG N))

17 6 144 146 UCG (« 3EPJF 71 73 UCG («( identical 100.0 100.0 3.1 -58.3
410 412 CGA ) 135 137 CGA ))

18 4 147 148 GU (« 1IPNYO 1865 1866 GU (« identical 100.0 100.0 9.5 -97.6
153 154 GC ) 1871 1872 GC ))

19 | 16 | 156 163 GAUAGACG @ 1VS6B 1284 1291 CAGCGACG (@ identical 56.2 62.5 35 -270.5
400 407 CGUCUAUU M) 1298 1305 CGUUGUUG MM

20 | 14 | 164 170 GAAGGAG @ 3JYVA 1432 1438 GACGGAG @ identical 85.7 85.7 8.9 -298.8
301 307 CUCCUUC M) 1485 1491 CUCCGUC M)

21 4 172 173 GC (« 3D5BA 1116 1117 GC (( identical 100.0 100.0 3.2 -103.0
298 299 GC ) 1124 1125 GC )

22 | 10 | 177 181 UGCGC ((« 2HEM A 6 10 GGCGC (« identical 80.0 80.0 -9 -259.9
187 191 GCGUA M) 15 19 GCGUC N))

23 8 195 198 AUAU ((« 2BYTE 110 113 GCAU ((« identical 75.0 100.0 3.3 -104.9
287 290 AUGU ) 125 128 AUGU )

24 | 10 | 201 205 UCUCC ((« 1YL3A 2595 2599 UCUCC (((« identical 90.0 100.0 5.5 -160.3
280 284 GGAGA N)) 2621 2625 GGAGG N))

25 | 10 | 206 210 GGAGC ((« 3BBOA 2647 2651 AGAGC (((« identical 90.0 100.0 9.4 -183.4
265 269 GCUCU M) 2802 2806 GCUCU N))

26 | 12 | 215 220 UGUAGG (o« 3A3A A 28 33 UGCAGG (@ identical 83.3 100.0 3.1 -159.9
255 260 CCUAUA M) 41 46 CCUGUA M)

27 6 | 225 227 UGA («( 3CCUO0 560 562 UGA (« identical 100.0 100.0 2.8 -69.2
250 252 UCA )) 595 597 UCA ))

28 6 | 229 231 GCU (« 2WRRA 325 327 GCU («( identical 100.0 100.0 3.6 -34.5
247 249 AGC )) 338 340 AGC ))

29 6 | 237 239 GAG («« 1IPNXA 402 404 GAG G identical 100.0 100.0 9.5 -89.8




244 246 CUC ) 428 430 CcucC ))

30 | 8 | 310 313 UCGG (@ 20BGB 992 995 UCGG («(C identical 100.0 100.0 3.3 96.7
385 388 CCGA ) 1022 1025 CCGA )

31 | 8 | 325 328 GUAU ((« 20ALA 406 409 GUAU (@ identical 100.0 100.0 3.2 69.9
361 364 GUAC ) 433 436 GUAC )

32 | 6 | 330 332 ACA (( 1JGOD 162 164 ACA (« identical 100.0 100.0 5.6 -108.5
357 359 UGU )) 174 176 UGU )

33 | 4 | 339 340 CC « 3MRZA 1026 1027 CC « identical 100.0 100.0 3.6 734
349 350 GG ) 1155 1156 GG )

34 | 10 | 365 369 CGUUG (((« 20A0B 2935 2939 CGUUG (@ identical 90.0 100.0 3.2 -178.4
375 379 CAACG N)) 2947 2951 CGACG )

a)

encompassing the secondary structure element size, number and length of RNA strands
® petween the target and source RNA sequence

9 shows matching of the purine / pyrimidine residues for the target and source RNA of given sequence
9 the NMR structure as a source




Table S5. MolProbity RNA structure stereochemical quality assessment for the 3D models predicted
by RNAComposer for set of 40 benchmark structures described in the Table 1. An assessment
includes respective high-resolution X-ray structures.

nucleic acid geometry
PDB RNA clash-score,
code strand all atoms potentially incorrect
and length ) )
chain [nt] sugar puckers backbone outlier bonds [%] outlier angles [%]
conformations
RNA X-ray RNA X-ray RNA X-ray RNA X-ray RNA X-ray
Composer Composer Composer Composer Composer
hairpin
2DR8 B 33 17.92 33.87 1 3 7 6 0.00 0.00 0.00 0.00
30VAC 34 16.64 6.45 2 2 6 3 0.00 0.00 0.00 17.65
hairpin internal loop
1JBR D 31 16.93 6.95 0 1 3 7 0.00 6.45 0.00 3.23
2HWS8 B 36 12.90 4.28 1 1 3 4 0.00 0.00 0.00 11.11
1ZHO B 38 12.23 12.21 1 1 5 3 0.00 2.63 0.00 13.16
3IAB R 46 16.90 13.50 2 3 11 12 0.00 217 0.00 17.39
hairpin internal loops
16U C 37 14.31 9.20 1 4 4 7 0.00 0.00 0.00 8.11
2PXL B 47 15.79 11.47 0 0 5 1 0.00 0.00 0.00 0.00
2VPL B 48 12.24 3.22 2 3 10 8 0.00 0.00 0.00 27.08
2PXB B 49 11.46 11.58 0 0 5 2 0.00 0.00 0.00 0.00
1MZP B 55 13.48 14.00 4 7 10 9 0.00 0.00 0.00 7.27
1KXK A 70 19.07 27.47 1 4 16 15 0.00 0.00 0.00 1.43
three-way junction
1DK1 B 57 19.57 37.28 3 3 9 13 0.00 3.51 0.00 8.77
1IMMS C 58 15.56 14.41 0 0 7 3 0.00 0.00 0.00 0.00
1UN6 E 61 14.23 26.40 1 0 9 6 0.00 0.00 0.00 0.00
three-way junction (hammerhead)
2QUSA | 69 12.63 85 | o0 5 | 11 19 | 0.00 147 | 0.00 41.18
three-way junction (riboswitch)
3LA5 A 71 18.57 6.13 1 2 8 1 0.00 0.00 0.00 7.04
3D2V A 77 18.51 11.03 1 1 11 10 0.00 0.00 0.00 2.60
three-way junction (GMP riboswitch)
3WNA | 93 7.99 3836 | 0 1 | 13 25 | 0.00 0.00 | 0.00 10.75
three-way junction (SRP)
2V3C M 96 17.70 65.64 2 16 19 52 0.00 56.25 0.00 98.96
1LNG B 97 15.95 41.76 1 10 26 39 0.00 6.19 0.00 49.48
1Z43 A 101 14.38 76.81 1 14 25 54 0.00 35.64 0.00 87.13
3NDB M 136 13.87 31.14 2 14 28 68 0.00 8.09 0.00 74.26
three-way junction (5S rRNA)
30FQ B 117 17.48 64.06 2 16 24 44 0.00 0.00 0.00 22.22
30FR B 118 14.44 33.82 3 17 19 34 0.00 0.00 0.00 36.44
3KIRB 119 15.56 22.34 1 1 23 18 0.00 0.00 0.00 0.84
3I9E B 120 13.92 35.83 0 6 18 21 0.00 0.00 0.00 5.00
1vQO 9 122 14.01 15.01 1 2 24 16 0.00 0.00 0.00 0.82
four-way junction (tRNA)
1EXD B 73 8.10 46.77 2 12 16 19 0.00 0.00 0.00 12.33
1U0B A 74 16.44 22.74 7 8 15 15 0.00 1.35 0.00 1.35
1IFFY T 75 19.47 26.39 6 12 18 25 0.00 0.00 0.00 5.33
2J00 W 76 18.44 40.92 2 3 18 15 0.00 0.00 0.00 6.58
four-way junction (riboswitch)
3IQPA | 94 13.12 3529 | 5 0 | 17 27 | o0.00 213 | 0.00 11.70
five-way junction (tRNA)
3AM1 B 81 16.08 42.46 4 6 14 22 0.00 0.00 0.00 30.86
wz2cC 88 13.06 32.09 4 7 26 24 0.00 0.00 0.00 6.82
3ADB C 92 17.18 21.20 1 1 16 13 0.00 1.09 0.00 4.35
pseudoknot
20WYA | 52 | 2267 3077 | 2 3 | 13 15 | 0.00 0.00 | 0.00 1.92
pseudoknot (HDV ribozyme)
1CX0B | 72 12.96 2409 | 3 8 | 16 16 | 0.00 0.00 | 0.00 9.72
P4-P6 ribozyme domain
2R8SR | 159 | 12.89 234 | 10 5 | 21 14 | 10.06 0.00 | 10.06 8.81
M-box riboswitch
3PDRA | 161 | 17.83 811 | 1 2 | 30 17 | 0.00 0.00 | 0.00 11.80
average 15.31 25.62 2.03 5.60 14.47 18.05 0.25 3.17 0.25 16.59




Table S6. RNA 3D structure prediction details for the n-way junctions

PDB code 2QUS; three-way junction (hammerhead) Input data
GGGAGCCCUGUCACCGGAUGUGCUUUCCGGUCUGAUGAGUCCGUGAGGACAAAACAGGGCUCCCGAAUU Secondary structure derived from the RNA FRABASE
(- - - - - - (195))))] S N (G ))))F9))))))))) ) FErre Note the square bracket for U24-A46 loop-loop interaction
Model Energy r.m.s.d.
No. [keal/mol] [A]
1 -1622 3.7
2 -1637 3.4
3 -1585 38
4 -1598 3.7
5 -1555 4.3
6 -1622 3.6
7 -1584 3.8
8 -1620 41
L . 9 -1601 3.8
Secondary structure visualization 10 superimposed 3D models Lowest r.m.s.d. 3D model (No. 2)
10 -1580 3.9
Details of the model No. 2 prediction )
Target secondary structure element Source tertiary structure element Selection criteria
No. Size localization secondary structure localization secondary structure secondary | sequence pyrimidines source energy
[nt] structure similarity / purines structure [kcal/mol]
residues sequence topology PDB residues sequence topology tOPO:)OQY [%] ¢) compatibility I’BSO;.\ItIOn
first last ID first last ) (%] d) (A
Single strands
0 ] 6 [ 64 69 CGAAUU ) [ 2QuwD 133 138 CGAAUU ). [ identical 100.0 100.0 2.2 -78.8
Loops
1 13 11 13 UCA (.( 2G0OZ B 48 50 ucc (( identical 76.9 84.6 22 -267.9
31 32 uc ) 2GOZ A 14 15 GC )
37 39 GAG ).( 20 22 GAG ) (
50 54 CAAAA )..) 35 39 CGAAA )..)
2 9 18 26 AUGUGCUUU (.[) 2QUW B 18 26 AUGUGCUUU (...[) identical 100.0 100.0 2.2 -98.7
3 6 32 37 CUGAUG (..) 2GOZ A 15 20 CUGAUG (..) identical 100.0 100.0 2.2 -127.2
4 6 42 47 CGUGAG .]) 2QUW D 111 116 CGUGAG .D) identical 100.0 100.0 2.2 87.4
Stems
1 22 1 11 GGGAGCCCUGU @@ 2HGQ A 15 25 GGGCCCACGGU @@ identical 545 63.6 55 -4935
54 64 ACAGGGCUCCC M) 541 551 ACCGUGGGCUU MMM
2 12 13 18 ACCGGA @ 2G5K A 10 15 UCCGGA @@ identical 83.3 83.3 2.8 -200.6
26 31 UCCGGU M) 2G5K B 33 38 UCCGGA M)
3 2 32 32 C ( single base pair - not used single base pair - not used
37 37 G )
4 8 39 42 GucC («C 2GOZ A 22 25 Gucc ««C identical 100.0 100.0 22 -1715
47 50 GGAC M) 2GOZ A 32 35 GGAC M)




PDB code 2QUS; three-way junction (hammerhead) Input data

GGGAGCCCUGUCACCGGAUGUGCUUUCCGGUCUGAUGAGUCCGUGAGGACAAAACAGGGCUCCCGAAUU Secondary structure derived from the RNA FRABASE
(e I G W (@S ))) FE5)))))))))) N A square bracket to note U24-A46 interaction was purposefully removed.
0. UG, Model Energy r.m.s.d.
e No- kcalimol] [A]
Y 1 -1670 6.4
2 -1620 6.0
SR S 3 -1646 6.6
1 k}‘ G 4 -1611 5.9
A v 5 -1664 6.0
© noaglly 6 -1615 72
% ¥ 7 -1647 5.9
U e U 8 -1643 7.3
9 -1631 7.0
. - Lowest r.m.s.d. 3D model (No. 4)
Secondary structure visualization 10 superimposed 3D models 10 1642 65
Details of the model No. 4 prediction S
Target secondary structure element Source tertiary structure element Selection criteria
No. Size localization secondary structure localization secondary structure secondary | sequence pyrimidines source energy
[nt] structure similarity / purines structure [kcal/mol]
residues sequence topology PDB residues sequence topology | toPology [%] c) compatibility f950|AU“0”
first last ID first last b) (%] d) (A
Single strands
0 [6 [ 64 69 CGAAUU ). [ 2QuwD 133 138 CGAAUU )..... [ identical 100.0 100.0 2.2 -78.8
Loops
1 13 11 13 UCA «( 2GOZ B 48 50 ucc (( identical 76.9 84.6 22 2679
31 32 uc X 2G0OZ A 14 15 GC )
37 39 GAG ).( 20 22 GAG ).(
50 54 CAAAA )..) 35 39 CGAAA )..)
2 9 18 26 AUGUGCUUU () 3JYX5 1691 1699 AUGAGAACU () identical 55.6 66.7 8.9 -82.2
3 6 32 37 CUGAUG (...) 2QUW D 101 106 CUGAUG (..) identical 100.0 100.0 2.2 -125.4
4 6 42 47 CGUGAG (... 2VQF A 1059 1064 CGUGAG (...) identical 100.0 100.0 2.9 517
Stems
1 22 1 11 GGGAGCCCUGU @@ 2HGU A 15 25 GGGCCCACGGU @@ identical 545 63.6 45 -464.9
54 64  ACAGGGCUCCC M) 541 551 ACCGUGGGCUU MM
2 12 13 18 ACCGGA @ 3ADB D 120 125 GCCGGA @ identical 83.3 100.0 2.8 -230.7
26 31 UCCGGU M) 133 138 UCCGGC M)
3 2 32 32 C ( single base pair - not used
37 37 G )
4 8 39 42 Gucc («« 3JYX5 458 461 Gucc («« identical 100.0 100.0 8.9 -1355
47 50 GGAC ) 470 473 GGAC )




PDB code 3ADB; five-way-junction (tRNA) Input data

GGCCGCCGCCACCGGGGUGGUCCCCGGGCCGGACUUCAGAUCCGGCGCGCCCCGAGUGGGGCGCGGGGUUCAAUUCCCCGCGGCGGCCGCCA Secondary structure derived from the RNA FRABASE
(((UE (@@ D)) (e NN CCCCCCC - - IIMIMINDCCCC-T----9I0000)) - - - - Note the square bracket for G20-C71 loop-loop interaction
Model Energy r.m.s.d.
[kcal/mol] Al
1 -2457 3.9
2 -2446 5.7
3 -2349 6.4
4 -2403 3.6
5 -2365 3.6
6 -2379 5.0
7 -2434 44
8 -2408 5.9
PO . 9 -2457 36 '
Secondary structure visualization 10 superimposed 3D models Lowest r.m.s.d. 3D model (No. 4)
10 -2414 49
Details of the model No. 4 prediction S
Target secondary structure element Source tertiary structure element Selection criteria
No. Size localization secondary structure localization secondary structure secondary sequence pyrimidines source energy
[nt] structure similarity / purines structure | [keal/mol]
residues sequence topology PDB residues sequence topology top(tJ)Iogy [%]c) | compatibility rESOIA“t'O”
first | last ID first | last ) [%] d) (Al
Single strands
0 [ 5 ] 88 92 CGCCA Yoo [ 3ADCD 180 184 CGCCA ). [ identical 100.0 100.0 2.9 -47.9
Loops
1 12 9 12 CCAC (.( 3ADD C 9 12 CCAC (-( identical 100.0 100.0 2.4 -9.2
27 28 GG ) 27 28 GG )
46 47 cG ) 46 47 cG )
64 65 CG X 64 65 CcG X
79 80 CG ) 79 80 CG )
2 6 17 22 GUGGUC (.[) 3ADD C 17 22 GUGGUC (.[) identical 100.0 100.0 24 -111.3
3 9 33 41 ACUUCAGAU (o) 3ADC D 125 133 ACUUCAGAU (o) identical 100.0 100.0 2.9 -67.1
4 6 53 58 CGAGUG (.. 3ADD D 145 150 CGAGUG () identical 100.0 100.0 2.4 -98.3
5 9 68 76 GUUCAAUUC (.]..) 1ASZR 52 60 GUUCAAUUC (.]...) identical 100.0 100.0 3.0 -165.8
Stems
1 18 1 9 GGCCGCCGC @@ 3ADC C 1 9 GGCCGCCGC  ((((((((C identical 100.0 100.0 2.9 -349.3
80 88 GCGGCGGCC M) 80 88 GCGGCGGCC M)
2 12 12 17 CCGGGG (@@ 3ADC D 104 109 CCGGGG @@ identical 100.0 100.0 2.9 -240.5
22 27 CCCCGG M) 114 119 CCCCGG M)
3 12 28 33 GCCGGA ((« 3ADC C 28 33 GCCGGA (« identical 100.0 100.0 2.9 -2205
41 46 UCCGGC M) 41 46 UCCGGC M)
4 14 47 53 GCGCCCC (« 3ADC D 139 145 GCGCCCC (« identical 100.0 100.0 2.9 -279.7
58 64 GGGGCGC M) 150 156 GGGGCGC M)
5 8 65 68 GGGG (« 3FINA 2598 2601 GGGG («« identical 100.0 100.0 6.4 -40.7
76 79 ccce ) 2730 2733 ccce )))




PDB code 3ADB; five-way-junction (tRNA)
GGCCGCCGCCACCGGGGUGGUCCCCGGGCCGGACUUCAGAUCCGGCGCGCCCCGAGUGGGGCGCGGGGUUCAAUUCCCCGCGGCGGCCGCCA

Input data
Secondary structure derived from the RNA FRABASE

QO - Q== ¢ DDDIIIIIDD)---. The square bracket to note G20-C71 interaction was removed.
Model Energy r.m.s.d.
[kcal/mol] Al
1 -2388 5.1
2 -2333 5.1
3 -2361 6.7
4 -2319 6.3
5 -2393 4.8
6 -2350 4.8
7 -2322 6.3
= 8 -2372 6.2
Secondar i izati i 9 -2334 57
y structure visualization 10 superimposed 3D models Lowest r.m.s.d. 3D model (No. 5)
10 -2389 6.7
Details of the model No. 5 prediction S
Target secondary structure element Source tertiary structure element Selection criteria
No. Size localization secondary structure localization secondary structure secondary sequence pyrimidines source energy
[nt] structure similarity / purines structure [keal/mol]
residues sequence topology PDB residues sequence topology tOp‘t’)k)gy [%] c) compatibility rESOIA”t'O”
first | last ID first | last ) [%] d) (Al
Single strands
0 5 88 92 CGCCA ) 1IFIRA 72 76 CGCCA )eae identical 100.0 100.0 3.3 -46.1
Loops
1 12 9 12 CCAC (.( 3ADD C 9 12 CCAC (..( identical 100.0 100.0 24 -9.2
27 28 GG ) 27 28 GG )
46 a7 cG X 46 47 cG X
64 65 CG X 64 65 CcG X
79 80 CG ) 79 80 CG )
2 6 17 22 GUGGUC [@D) 3JYX 5 1022 1027 GUCUUC ) identical 66.7 66.7 8.9 -110.4
3 9 33 41 ACUUCAGAU (o) 3ADC D 125 133 ACUUCAGAU (o) identical 100.0 100.0 2.9 -67.1
4 6 53 58 CGAGUG (...) 3ADD C 53 58 CGAGUG (..) identical 100.0 100.0 24 -13.7
5 9 68 76 GUUCAAUUC (.]..) 486D A 52 60 GUUCAAUUC  (....) identical 100.0 100.0 75 2.9
Stems
1 18 1 9 GGCCGCCGC @@ 3ADD D 93 101 GGCCGCCGC  (((((((( identical 100.0 100.0 2.4 2317
80 88 GCGGCGGCC M) 172 180 GCGGCGGCC M)
2 12 12 17 CCGGGG (@@ 3ADD D 104 109 CCGGGG @ identical 100.0 100.0 24 -252.4
22 27 CCCCGG M) 114 119 CCCCGG M)
3 12 28 33 GCCGGA @ 3ADC D 120 125 GCCGGA @ identical 100.0 100.0 2.9 2421
41 46 UCCGGC NN 133 138 UCCGGC M)
4 14 47 53 GCGCCCC @@ 3ADC D 139 145 GCGCCCC @ identical 100.0 100.0 2.9 -279.7
58 64 GGGGCGC M) 150 156 GGGGCGC M)
5 8 65 68 GGGG (« 3I8F A 2650 2653 GGGG («« identical 100.0 100.0 3.1 -171.6
76 79 ccce ) 2782 2785 ccce )




3 all the 3D structure elements comprised by the respective crystal PDB structure were excluded from the dictionary
b encompassing the structure element size, number and length of RNA strands

© similarity between the target and source RNA sequence

9 shows matching of the purine / pyrimidine residues for the target and source RNA of given sequence



TABLES?ﬁﬂmqumMHﬁSDnmdmspmdmmd”mrmeSSrRNAH.Mmﬁnmnm(PDchmlFFm

Sequence:
UUAGGCGGCCACAGCGGUGGGGUUGCCUCCCGUACCCAUCCCGAACACGGAAGAUAAGCCCACCAGCGUUCCGGGGAGUAC
UGGAGUGCGCGAGCCUCUGGGAAACCCGGUUCGCCGCCACC

Input reference secondary structure Input determined in this work secondary structure
(RNA FRABASE database): RNAstructure & SHAPE ; MCC ' = 0.99):
- - - (CCCCC- - - - (- - - (T Ch N (RN (e (- --C--
-)---33))-2)--- ) - - (CC--- | -2 D)D) ) D)D) - - - (- - -
- - (CCCCC-CC----0000000)----0000)---00)) | - - (CCCCC-CC----DDDDDD))----D))))---D)))
)) .
Prediction output — 10 models. Prediction output — 10 models.
Structure models energy 9 and selected parameters | Structure models energy 9 and selected parameters
defining models quality ¥ 9 defining models quality @9
Model energy rms.d. | |NFeP INF Model energy rms.d. | |NFeP INF
[kcal/mol] [A] [kcal/mol] [A]
1 -2952 3.3 1.00 0.83 1 -2846 114 0.94 0.81
2 n.a. 3.6 1.00 0.83 2 -2905 10.9 1.00 0.79
3 -2920 5.6 1.00 0.81 3 -2790 15.1 0.94 0.77
4 -2902 4.0 1.00 0.82 4 -2872 13.2 0.97 0.78
5 -2960 3.8 1.00 0.83 5 -2749 9.4 0.97 0.74
6 -2903 3.9 1.00 0.81 6 -2888 13.1 1.00 0.77
7 -2871 45 1.00 0.79 7 -2854 13.7 0.94 0.80
8 -2881 3.8 1.00 0.82 8 -2873 9.5 0.97 0.76
9 -2865 3.6 1.00 0.81 9 -2837 14.1 0.95 0.75
10 -2925 3.5 1.00 0.83 10 -2853 10.6 0.94 0.77
mean 4.0 1.00 0.82 mean 12.1 0.96 0.77
st. dev. 0.6 0.00 0.02 st. dev. 1.9 0.03 0.03
Time elapsed to generate 10 models: 3 min. 49 sec. Time elapsed to generate 10 models: 4 min. 15 sec.

@ ypon validation all the 3D structure elements comprised by the respective crystal PDB structure were excluded from the
dictionary

® Matthews correlation coefficient (41) corresponds to the RNA FRABASE secondary structure parsed from the tertiary PDB
structure

© potential energy of the final 3D structures were calculated with XPLOR-NIH ver. 2.2 program (26) using parameters from

the "dna-rna allatom.param" file

r.m.s.d. values for all heavy atoms were calculated with XPLOR ver. 2.2 program (26)

® INF® describes the interaction network fidelity (33) values over canonical base paring only; the INFY describes all
the base pairing interactions and base stacking . Base pair interactions and base stacking network from
tertiary PDB structure were obtained using the RNAView (34) and MC-Annotate (35) programs, respectively.

d)




Table S8. Accuracy of RNA 3D models predicted by RNAComposer, MC-Fold/MC-Sym (21)
and iFoldRNA servers (15).

PDB Strand RNAComposer MC-Sym module iFOlIdRNA
code and | length | global global global
chain [nt] | rmsd. | INF" | INF® | rms.d. | INF" | INF® | rmsd. | INF" | INF®?
[A] [A] [A]

2HWS B 36 1.7 0.89 1.00 10.8 0.68 1.00 9.5 0.48 0.59
116U C 37 21 0.90 1.00 2.6 0.83 1.00 4.1 0.62 0.61
1ZHO B 38 1.1 0.83 1.00 10.6 0.76 1.00 11.4 0.58 0.62
2VPL B 48 4.9 0.79 1.00 10.9 0.74 1.00 11.0 0.67 0.78
2PXB B 49 25 0.91 1.00 111 0.70 1.00 16.2 0.31 0.18
1DK1 B 57 2.4 0.52 0.98 13.2 0.51 1.00 12.5 0.34 0.80
1KXK A 70 9.3 0.74 0.98 10.1 0.69 1.00 10.0 0.58 0.68
3AM1 B 81 5.7 0.78 1.00 12.3 0.76 0.99 215 0.54 0.86
Average 3.7 0.80 1.00 10.2 0.71 1.00 12.0 0.52 0.64

Table S9. MolProbity RNA structure stereochemical quality assessment for the 3D models predicted
by RNAComposer, MC-Fold/MC-Sym (21) and iFoldRNA (15) servers

PDB RNAComposer MC-Sym module iFoldRNA
code and | clash- outlier outlier clash- outlier outlier clash- outlier outlier
chain score, all | bonds angles [%] score, all bonds angles | score,all | bonds angles

atoms [%] atoms [%] [%] atoms [%] [%]

2HW8 B 12.90 0.00 0.00 92.78 66.67 91.67 105.74 13.89 77.78
116U C 14.31 0.00 0.00 72.33 43.24 97.30 104.86 21.62 72.97
1ZHOB 12.23 0.00 0.00 110.84 71.05 92.11 103.63 21.05 71.05
2VPL B 12.24 0.00 0.00 172.57 79.17 100.00 99.60 22.92 66.67
2PXB B 11.36 0.00 0.00 117.91 71.43 93.88 106.52 22.45 89.80
1DK1 B 19.57 0.00 0.00 125.48 66.67 85.96 109.30 26.32 71.93
1KXK A 19.07 0.00 0.00 95.74 71.43 95.71 110.59 22.86 72.86
3AM1 B 16.08 0.00 0.00 123.61 65.43 90.12 106.55 25.93 71.60
Average  14.72 0.00 0.00 113.91 66.89 93.34 105.85 22.13 74.33
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>Randomized_500
GUACUGAGCGGACUAAUCUGUAUAAUGUCGACGAAGCCGGCCUUCGCCGUUAACUACUCUCUCAUACAUAUAUGUAAACAGGAAAAAAAGGUCG
UCCCACUGAGUGCUCUCUUGGUAUUCAGCUUCCAAGUGGCGGCACCGUAUCGGUUUAAGCAGAUAGACGGAAGGAGCGCGGCUGCGCCGUCUGL
GUACUGAUAUCUUCUCCGGAGCAUUUUGUAGGGUCGUGACGCUUCUCUGAGCACACUCAGCUCAAACCUAUAUCCCGCUCUCCACCCAAAGGGA
GAUCAUGUAUAUUAAGCACUCCUUCAGUCGGAACCUAAAUAAGUAUAACAGUUCUACCGAGACUAAGGGCACAAUGUAGUACCGUUGUAGCGCA
ACGAAACCCCGAAAAACGGCAAGCGUCUAUUAACGAUGUACGGGCCCUUUCGCCAUUUGUGAAAGAACGUAGAGUUAACGAUACGCGAAGCGCC
GGAGUUGCGUCAUACGCCCGCUACAUUCAU
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FIGURE S2. 3D structure prediction for the 500-mer RNA with randomized sequence. (A) Input data.
Secondary structure generated with the arbitrary chosen RNAfold program (39). (B) 500-mer RNA
secondary structure visualized with Pseudoviewer (43) and loops numbered. Marked with the thicker
line loops (10, 19, 21, 24, 30) are missing in the RNA FRABASE dictionary and therefore are
subjected to a generation procedure. (C) Visualized with PYMOL (44) final RNA 3D structure (best of
ten models, energy -9832 kcal/mol; MMC=0.98)



-+ CGUA -+ C GUA -+ CG
L1 - .
a0 - U1
- g - ‘
¥ C40 & c10
G50 i
G50 G20 z
? ;i C60 =
CB0 — -
u70 c30
u70—
ABD—
ABO
a0 .
c-c
G90 gt A b)
AC c
— c A
Cov C
¢ 8
¢ G
G100 ¢ A
G

- - ¢
- i 6
G110 . v
- - -

-

—

-

-

- =k = 10

A120 - - - .

-

-
c) d)

1.5 1.5 1
NMIA reactivity
= = '
5 10 I—1.0 S 1.0 1 .
: g
@ o7 e
w 0.5 -05 W 0.5
< I'D'3 <
5 o 5
0.0 M no data 0.0 4 H
0 20 40 60 80 100 120

Position

FIGURE S3. Determination of the 5S rRNA H. Marismortui secondary structure. (a) Typical gel
electrophoresis patterns for SHAPE analysis of the 5S rRNA. Lanes (-) represent control sample with
untreated RNA; lanes (+) NMIA modification, A, C, G and U are sequencing lanes. (b) Secondary
structure of the 122-mer 5S rRNA containing 3' structure cassette and 5' flanking sequence to facilitate
the analysis of entire RNA by primer extension (36). Nucleotide residues accessibilities to NMIA are
given in colours and according to scale. (c) Processed SHAPE reactivities as a function of nucleotide
position. Red and orange bars reflect reactive positions in the RNA. (d) Box plot analysis of distinct
reactivity distributions for the 5S rRNA. Box outline middle 50% of dataset; the median is shown with
heavy line. Circles indicate extreme values: 1.5 times the interquartile range (boxed). Horizontal lines
above and below the box are the largest or smallest non-outlier values.



DATASET S1. Input secondary structures for the 3D structure prediction of 95 RNAs with randomized
sequence

No. | Strand
length The lowest energy secondary structure predicted with RNAfold program (39)
[nt]
1 30 GAGACCGUUGUUCUUCAUAGGUGAAGGAGA
---------- [(((EED)))))) EE
2 35 CGUUGUUCUUCAUAGGUGAAGGAGACGCACAAACG
[((ECCET5)))))))))) EErrrrpy
3 40 GGCCCCUACUUAAAUCUUCUUUUGGCCUAUGCAAACCACG
(O T D)) FR TSP
4 45 GUCUUGGUGACUACUCCUUUAGAUCGACUUUCCACCGCUGGUUGC
((((E(CETr DI)EEED)))1((((CEEF T ))))).
5 50 CAGUCCCAUCGUUCGGAUCAGGGAUUCGUUUAUCGGGGGCCCGCGAAUUA
S (O (((((EED)))))Frrrrey D)D) FEp
6 55 GUACACCUCCAUCUUCCGUCGGAGGCGAUAUACAGACCCGCCAUUUAUCAGCGAC
HE((EHEEFDIY)))) D s (((CEPFrrY )))-.-
7 60 ACAACAACUGUACGAAGUAACAUCGCAGAGGCUAUAAAUAGGACUACAGUUGCCCCUUCG
N (T T ((CETT)) Py )))3)))) BT
8 65 ACGGAACGUUAUGCGUGGGCACCGUUAGUAGUCACCGCGGGGUCUACCGAAGGCAGUAGCAGACU
------- (A E(ETD) D)) 5))))) IFFEE) ) I9))) FEree
9 70 CUUACAUUUUGAGGCUGUAGUGGCCAACAUCCUAGAGAUCCGCCUCUUAGCGGAUAUAAUACAGCCGAAA
------------ (((ETT)) TN (ST ES ) ) ) ) )EEES ) D)) ) ) FEp
10 75 UUGCCAGUUGGUCCUGUCGGAAACGGUGGCGCUAUAGGAUGGCGCUAACAACAAGUCUCUUAAUUGUAAUGGAUG
(G ETED)) D)) Brr D)D) FE G C----0))-)))) -

11 80 | ACCUUAGCGGUAUCAGCUCUUAUAUGGGCAGCGGUUACCUUAGGUUCAAACCAGCGUGCUAAGUAGCACACAUGGCUAUA
(N (((EN((ETD)) D)) FEED))) BS))) Frree (((E(EED)))) D)) e

12 85 ACCACCCCAGCGGACAGCCGUAUUUGAAACGUUAGGAGCAGUUUAGGGAGUAAGGCAGAUAUAAGUACUAGGCGCUAGUC

ucueu
)5555(((-((((----)))) ----- (- - - - - 2)-3333-33)-2) - - - (CCCC- (G- (CC- - - - - - - DIBIE

13 90 | GGGACCGUGCCGAGUGUUCCAAAUCACAUUAUGAAGUGGGGGCACUGUCACACCGCAGGUGAUGCUUCUCCUCGAAUGAA
UCUACCCUAG

(((-555((-(-((((((((---((( ----- 23)----90033302-32) - - (- (CC-((----3)-DD))) - - - - - -

14 95 GCCCCUUAGCAUCUGUACAUGAACGUCUAAUCAUUUGUUUAUCGGUGGUGCGGGAUACUCACUCUAGUUUUGUAUCAUGU

ACAUUUAGGUUACAC

555---((;;)) (- - CCCC- CCCCCCem - - - - - D)D) )EEED)) ) EERE (CERED) PEEREE I
15 | 100 | GCCAUUGCGCUCUUCAAGAUCACCCGGUACAGCCAUGCAUGUUACAUGUACAUGUGAAAACCUCGUAUUGUGAUAAACGG

CGCUUAGUGAUUCGAGUUUG

-------- CCCC- - - - - CCCCCC- - G- - - (- - - - - (- CCCC- - €G- -0 --0000000000) - - - 0D
2))--332)))-))))- - -

16 | 105 | ACAUGCGUAAGCGUUUCCUAAACGUUAGCGGCUUCCCCGGAUCUCGGCGAAGUGGUGGAAAAGGUUGCUCACCUCAUUGA
CCCGUAUUGGCGCUCAAGUAGCUAU
----- (CC- CCCCCC-----22223) -2 CCCCC- CCC- - - - 32D -0 (CC- (C- - CCCC-----D3D)--D) )
))----- ((((ETD)D))))E

17 110 AAGCUAUACUGCAAGACGUUCAAAUAUACGUUCCCCACUAGCACAAGACAGCGUUCCGCGCCACGACACCCUGCUUUCGA
GGCUAAAAAAAGCAAGUCUUAUAGUAGGUC

- (CCC- - - (G- - (- - - - D)D) EEED D IS D)D) EEEEEEES «C---- D)) (- - -«
(TP 2)))))--2)))))- -
18 | 115 | GACUAUGCUAUAGUCGAGGAAGUCAUAUUGAGGCUCCCGUUUACUACGAACAACACAUAGCAGAACACAGAAAAAGGAGU
CAACUGUAUUUGCCAUAAGUCUGCCGUGUAGGUAC
CCCCCC---9000) - - (G- CCCC- - - - - - - D)) R ) (CRN ((CN ((((CREEPEE (-G (-
D)) FErrrr 2))))--3))--))--

19 | 120 | GUACCCGCGUCCGAAGGCCGUUUGCCAUCCGUUGGGCAAUAGGGEUGCGGCUAGGAUAGCACUCCCUCUCUCCGAUUAGA
CUCCAAGUCGCUCUUGAUCGGUGUGCUGCUCAUAUAUCGC
(- - (- €G- - - - - M)----- DN -- D)DD) ) EEEEE (CH ((((C(CETEEE (€CCCCCLCd
C.--. )))----- DI --)eeoeee--

20 | 125 | GAGGAUCGAUCCGGUCACAUAGGAAGUAAGGAGAUAAUGUGUCAUGGAGCAGGUAUUUUGAGAGGCAAACAAAGUGAACC
GGGUCACCAAAAUCCAAAAAAGGAUCCCAGUGUAGAAAUUGCAAU

LR (O R (CCCCC-(CC--am - - 2)-90000)----Cene - )---32)-2))
))))) FRpr (((CEE I ) BN ((((EED)))))

21 | 130 | UCACCGGAAACUGAAAGUGCAUAACUUAAAUCUAACCGUCUAACGAAUUCCCUAAAAUCUACAUCCUCUCCGUAUGUAAU
GCGGCGGAAAAACCUGUUAGCAGGUUAUUAUUACUUUUUAUCCCGUUAGC

(G- - - (CCC- - - - - D)D) EETEEEER D)) N (CCC (R EEEEE R R TR (- - - -+
N B W ENS)H)))> HENIIIIIN )IDIIE

22 | 135 | GGACAUUUGCCGCACUGAGCCGGGUAGCAUUAUACAUGCGCCCCACUGCCAAAACGAUGGGAGCUUCCAAUCGAGUACCA

AGUCUCAUAGUAUGUGGACAGAGUCGACUGCUAACCCUGGGCUGUCGGCGAAAAC

----- (R (R L) ) B ) ) ) 29 ) EEFERERE ( (CRERS
=-3))- - I --3))---33))-))))--I)IIIIIIII))- - -

23 140 | AAUUUCUUUGCUGACACUUUUCAUGGUAGUCCGCGAUGUGGUCUAAGCACAUGAUCGCCGUUCGGGCAGCAAGUUCGUAG




CCAUCGCAGGGCAGAUCAAAGCAGGUUAAUAAGUGCCACACUGCCGAUCGUCUUUCCAGC

--------- (PN ((((A (G (C(CE D) B REeedd))) BN ((Q S (((CCL(CEEFIES ) B
DESIB D) N (N (T Ty 15505555 M ))))

24

145

CGAGUAAGCGGCAGUAUUUAACCUAAUGGCCGCGUCAUACGUUCCUCGACCUGCUUGGAGGCGAGGAAAAUAUGUUGGGG
CACGUAAACCAGAGACAUACACGAAAGUGAGUCGCUCCAUCGAUCUUGACCGUGGCUUGAUCUCG
(CCCCCCCC-CC- € - - - - - (CCCCC- (- CCCC- - (- € - - - - - 2322322333--3333-3)-))
)-)))------ (((E(ECETD)) D)) Frrr ey 2)-))-)))))--))))

25

150

AGCGGUCGUGGAAGGCGUACACCGAUGGCACACCUACAGCGCGRGACUCUUCUCAUGUGAAGAAUAGCACAUCAACAGAG

GUACGAGUUGAGGAAGUUACGCUCGCUGGAUAAUCCGUUGCACCUACACACGUAUCCGUUGGCAUUAUUG

(O (T (R (T (O ((Q (L (N (R ((C(CEETrre IID)----20)
=-))-III))--3)--2)-I))--((- .- 2)--))-3))-2-3))-- ) --ovo-

26

155

CAGUCAAAUGCGUGAUAUAAGCCCGGGUAUGCUCGUAACGUAAGAAAACUCCCUGAAUUAUGCGGCACGGUGCUCCAAUU
GUUCGACUGAACAGAACUUAAGAUACUAACCGGUCGGACCCAAAUAGCGGAUCCACCGAAAAUGCCGCCUUCGGA
-------- (C(CCR (CH ((CERTERTEY DD R0 20 ) D) ) REREEREEER ( { ( CCRRI  ((( (R (S (¢
(e oaoveeeeeeeeee e 2))I)00)---33)---3))--333))----I)I)))-))))).-

27

160

AUUUCCAACUAAAGCGGUCAGGUCUACUACCGCGAGAUAUCGUACAACCCCAGUGUCAUCUGGGCCAGUUAGCCCGAGAU
UACUCAGGUCAAGAGAGUCGCGGUGCGACGUAGAAGGAUACCGCUGAGUAGGGGAGAGACUAAAACCGUGAACCGAAUUC
- (CCCC- - CCC- - - - - (e - - - (G- - - - - (CC- - CCCC- - (- - - - - - DB
- ---- ))I5))))))) D)D) FErr ))ID)) D)) ID)))) S ST

28

165

ACAGAUGCUGUAGCGCCGAGGGUCGAGGACUUUGAGCGAAGUAACCCGACAAGUUAGCGGGCGUCCUUUCUUGCCUCACU

CCAUGCUCCAGGUUGGACUCUACAUACGUAUUACCUUGUGUGCUAUGUCAAUCCAGUCAGGAUAGUGCUGUCCUGGCUGG

UUCAC

- - - (CC- - - (L CCCCCC----23232--29032) - - ((.- - - - - CC- CCCC- - CCC-CC - - - - -
SRR ) EEES D) EED ) D) XD D EEEED ) FEFEE 233999229993~ - - CCCCCCCCLCLC-- - MMM

29

170

GGGUAGGGCCGUCCAUGCCUAAAAGGUAAACGUGGUAGCCACAUGUGAUCGGCUAAUCCCGUCUGCACAGCUAGGUAAUG
ACCCGGGCAAACGUGGAGGGAGUAGGCUGCCCGCACACGCUCUGGUUCUACCACACUGCCGGCCGAGAGCUAACUCCAGU
GAGUCCGCUC

------ CCCCC- - - - CCCC- - - - =002 - - - (- CCCC- - CCCCC- - CCCC- €G- - - - - CCC- - - - -
gggj-)ggji--)--))))))---)))))----))))-)---)))--))))))) ----- D)) - - (- - (- - - -

30

175

CACGUGUUCCUGAACCUCCAGCGUCCUACCUAGAUACAAGGCUGGUAACUUGCUAGGACACCGUUCUUCAACUUCGGACC
UACUCUUAGGGUAAAUAUUAACUGUUCAUAAGCCUCCCAGGAAGUGGCUGGUAACCACAGUAGCGUGAUUAUCUUAACAA
AUACGGAAUCCCCGA

(CCC(- - - - CCC- - - - - (CCCCCCCC- - (- - - CCCC-m - - - - - NN ----- CC----22)---900) -
(((E((( (((--5---((( -------- 23)----330333-000003)) - - - - - - DDDEEDD)D ) ) T

31

180

GUUCGUAGCCGAAGAGCAGCGGACCUUGCGACUUGGGCGCGGCGGACGGCGUCACCCGACUCGAAACUUUGUAUUAGUCU
UCUCAAGAUUGAGGAAUCUGUCUCAGAUUCUCUCCGUACUGGAUCUACCGGGCUUAUGUCAGCAGCUUUGGCCAAGCCCC
GGAAGCGUCCCCGGAUCGCA
(CCCCC-CC-- - - - - 2)-2332)) - - CCCCCCC- CCCCCC- CCCCCCCC-CCC----DDDDD) - - v e - - - CCeCC
----- DI DIRCCCCCCEED))D) D) )D) EEEErEREEN ((CCCCCCR ((CCCENI D)) I3) D I9)).
2)--3))-3))-))-)))))

32

185

AGGAUUUAACGAGCUCCAAAUGUAUACUAUUUCUCUUUGUCGAGACCUAUGUCUAUCCCUGACGCUUGGCGUAUUGUUAG

UAAUCCGCCGCGGCAGCUGCCUGUGGCGUAUAUGGAUUUAGUUGGUCGGCAUCAUAUGAAUAGGGGGUCUAGAGCUCGAC

AUAGCUUGAGAUUUAAGCCAAUAGG

--------- (CCCCCC- - - (G- (- - - (LA - - - - - - (L €G- - - - - - - - (- (- - -

23)-203)--(CC---:33)---3323)----333)---D)-DDII)))) - - - - - - 233333-2-33---23033)) - -
N (((((E5))))) Frrrr

33

190

GAGGAUCUAUCCACAGUUUUGAUCUUAUAGUCGGUCCUAUAUAAUCGACAAAAAUACGUUUGCUAUCGCUGUGUACGUGC
CAAGUGAAUAAAUGUGAAGAAAACACCCUGUACCGGUUUCAUGCACCCCGAGCUGCCGAGCUCGGGCAUUUUUACAGGCG
GCCCGUCGUCGGAUUAGAUUGGUUUCUUCG

(- - - - - R (O € ((O (O R L L PP Er Q- - - CCCCC- - €C--- D)
DY) 15520020 FERaaa (- - - (G- - - - ) - - CCCCCCCC----3000000) - - - - - - DN
2-))-)---33)))))-3))--I))))-

34

195

ACACUAAUCGCCUCCGCAUACAAAUUUAAUGUCACUAUUAGGUGAAUUAUAAUGAAAUAAUAUAGUAACCCGCGUGACAG
GCCUUAAAUUACAGGUUCACAUAUCCUAAAACACCCACCGGUUGUGUCACCGACACUGCCUAGACUGGGUUUGUAAUCCA
GGUAACAGAAACCGUACUAACUCUGGAUGGUACUC

--------- (CCCCC- - - (- - CCC- - - - - - - CCCC- CCCCCC - === -00DD)) - - - - - - - (- - -
(CCC------ 55;)))))))----555-555)))) - CCC-CCCCC---33D32-330--000000000000) - - - - -

35

200

GUUAUGUAUAGGAUGAUUUGCAACAGUAGCCCGUUGGGGUCUUUAAACUGAAUCGGCUGUAUCUUUUUCACCCUGGCUAA
UGCGUACGAUAGACGAUUCAGCAGGCACCGUUCGGGUGACAUGUUAAAUUUCCUACCUCUUUAAGAUGGUCGGGCCGCCC
CUUGUAGACGAGAAUCUGAAGUAAAUGGUUUGGCGAUAGU

-------- (CCCC- (- - (CLCC- (- CCC- L - - - - (- (e me e e oo - - L (C- -
) 2332-32333332-333)-22)--3332)-33-23II03I00II))) - - - - - - - - - (- (- -
(. - - - - - 22233)----203))))-)) - -

36

205

UAAUUUUGGCAGGAGCUACACUCGCCUGUCGAUUCGUUAAUAAUGUAAUGAUUGCACUAUUGGCGGGCCCUGAAUGGEGE

GAAGCGCUAAUGAGUGGAGGCGUGGUUCAACAUUGCAGGUUUUUCUAGCUAGUUCGGGAUAGAUUAGAUAAACAUAUGAU

UGAGAUGAUUACGACAUGAAUCCAAUGUUAUAACUGGAGCUAUUG

------ CCCC- - Q- CCCCLCCaCCeCCCCC------33333) - - - - --32223222) - (- (- (CCCCC
=-22223)-3-3)--33)--33)2)))) - - (CCC- (- CCCC- (- - - - - - 223-33333-333)---3)--
) -(CC-CCCC- - - - - - 2)))--)))----- ). -

37

210

UGGGCCCCCGACAAUGUGCUAGUUCCCACUCCUUGCCGCUAACAUUGGGGUAUGAAUAAAUGCAGAUAGUAGCCGUUUCC
UCCCAUGUCUUCAGAUGCGAGAUUACGCAUGAUGGGCGUGUUUGCGUCGCGAUAUAGAUUUCGGUACGCAAGCCGUCGCA
CACAAAUAGACGCUAUCAUAGCAUGCAGCAGCUCCCGGGCCCCACAGCCU




- (CCCCC- - CC- - - CLCCC- - CCCC- - (- CC- - - - - - 2)--3233)--33)) - - (LCC- CLCCCC- CC-CC-- - C
(O 22)-32)---222) - (C- CCCCCC- CCCCCCCCC-CCC- - - - - - 2333-33300333003)-))
)) BT 03)))--II333)-3)--3)- I ------- -

38

215

GUACUCGCAGAGGACGGUUUUCGAGAAAUCGCCAGGCAGUCUUGUGUCUGAUAGUACUAGAGGAAAGCUGUAUAGCCGCU

UUGCUCGACCCCGAGUAGCUUCAGCCUUCCUUCGCCUUACCCAAGCCCGAGCUUAAAUACACCAUGAUCUACUACACUUU

GAUUCGAGUUGAGGCUCGAAUUCUCCGCGUAUUCUUUUACAAGUACGGCCCGGUC

(CCCC- - (- CCCC-CCC---2222 222000 -0DD) - - - -3D)) - -DDD)) - - CLCCCC- CCCC- - - CCC- - - -
- (CCCCC----33222222)-2332-232)0) - (- CCC- - CCCC--- DD e (- --
4CLC(C((819557575)5) 1915155 NN DB W

39

220

ACUACAUUGGGCGACUUGACUCGGUGUUGGAUCGACAUAUGAAUGGGAACAUACAUACGCAACGAUUCCCAGCUAUUCAU
CGUUAUGGAAUGCCCGACUUUUUGUUGAUGGUACACUUUUCAGUUCUAAACUAAUCACCCGGGAUGGGGAGUUUCGACUA
GGGCCAGCCUAAGCACGUAUUGGACUGGUUUUUCAACCGUCGUGAUUGCUGCGCAAUCAA
------ (CCCCCC- G- Q- - (- - G- CCCC-CCC----9320030 02229020 --000)) - - =)D - -
220D EEI))))D) EEEEEEErE (CCCCC- - CCCC- - (- CCCC- e II3)--90)---((--(C
(- (.- - - - - - 232)-22)32))-)332)) - ((CCCCC- - -))))))) -

40

225

CCGCUCUACAGUGUUCGUAUUUUUGCCGGCUGCCCCGUUCGCCUCCUAAUGUUGUGUUAACCCUCUCAGCGUUCAUGCUC
CCCAAUGACUGAGCACUACAUGAUCGCUCCGGGAAAGGAAAAAGUCAGCUAGAUGCUUUCGCUAGUUUUGUCAUAGUUCA
CGUGCCACAGGACAGCCGGCACCCCGAACGAGCCACAGAAAUAUCCCAAAAUGCGUGGCAACGUG
N (O (- --- - - (CCCCCC- (- €C- - (G- (- - - - - - C(----2) - - L e
---------- M- MM - I - - - (- CCCCCCCCCCC- == -2 IN I
0--2)-3)-2)-I990)-- I - (- - 2))))---)))

41

230

CACGUCCAGUCCACUGAGGACGAGUUAGUCGAAGGCGGGCCCGUCGGGGGACAUGCGUUCUUCUUAUGACGCACUACCUA
UGGUCGAAUAGGUGGUCACUGAGACUUAGCUGAAGUUCUGCACCAGGGUGCGAGUAGGGAGCGCUCAGCGGCCAGGAUGA
AGGCCAAGGCGACCUACUUGAUCUAGUAUCAUGAGGAACAGACUCUAACGCGAUAGUGACAUACUGUCCG
- - (CCCCCC- - --2) - -3))) - (CCCC- - CCC- CCC- - (CC- - - - - 22D ---2)-22) (CCCCCCCC- - - CCCC- - - -
- (CCCCC- CCCCC-CCC- - - e - (CCCC- CCCCCCCCC----220) - - - - - - N - I - - - - -
3)))15))15))))15)5))))3))15)))))))) ETree D)D) B ((((((EX59)))))) B

42

235

AGUGGACCCGGCAAAGCCUUAUCCCUAGCGGAAUUCAGCGGAUCUAACUUCGUAUACCAUCUCGAAGCGACUCAGUUAGU
CCCCACUAAAUAGCCGCCGUCUCACACCGGUUGUGCCCCUAAACCGCGUGUGGUGACAUUUCCUCGUUCCGGUGGCGAGA
CAACCGUAAGUCUUGAAGUCUCACCGACACUUCCUCAUAGGCCAGAUAUGGACUGGAUCUAUUCCGUCUUUAGGU
--------- (CC---22)- - - - - CCCCCCCCCC- - - - - (L - (- €G- - - - CCC- CCC- (G- - - CCC
--3222)--22-22) - CCCCCCCCCCCCCC-- - - - - - - I2)-2222-2))---- - - 2D - - - (CCCCCCC
Cooonnln )))))) ey )))))) PN D)----3332)))-3I930I9))))---I)))-

43

240

UGAACUUCAGGACAACGUUUACAGUGUCUCUUGGCGCAGUAAUCGGUUUGGUCUUAAUUUGAAUGGUAAUACUGGAACUC
CCACGUCAGGUUCAAGAGCGUGCGGGAUCCAAUCCUGGGUUGGAAAAGCACCCGAUGCCGAUCUCGUCAGGCUUGACCUA
UAUGACAGCGCGUAAUCUGCUGCCUGGUACUACGACAAAUAGCCCUUAGCUAGCGGCACGUUAUAUGUCCAGACUUUAAG
-------- C((ER (S (((SIC((CCEEFS))DD 1))V 1D) EEREED ) DD ) REREE R R R TR ( (R

- - = = Q- - - (CCC- CCQCCCCC- - CCC- - (- - - - - 1IN - INMMN NI -
29))) FEp (CCCC- (- - (- - - - )N (((EF s 1959595955157575 19857555 M0

44

245

CUCAGACCUGGGUUUCUAGGUUGGCGUCAUAGAACACUGUACUUUUUUUGCUACUUAAAUAAGAACCAAGUUCUGCCACC
GAUGCAUAGGACACACCGUAAGGGAAUUGGGCAGCGUUUAAAACCAAAGUUAGGCGGAGUAGUGGCUCCCCAUACGUUAG
CACCAGCGGGCUGACCACAAUGGUACGAACGAAUAGCGCUAUGUCCUCUUAGUCGGGAGGGGCGUAGGCGAUCGGAAGAA
GGGCA

(¢ ((((((( D)) - - CCCC- - (CCCC- - - CC-CCC-CCC- - - - - - - 23)-33)-2)---2I)C(C- (C
KON (G5 G- OG- - (- - - - - (G- CCCCC----00002)) - - - - (((((
§5§( I3 ----- 5555 78555) DIUE05 15 15555 ) JENES5)5 MNNS5 ) 16555 I (SN

45

250

UGUAGGUAUUAAAUAGUUAUGCGAUCCAAUUCUGCCAGAUAUUAGCGCGCGCUUAGGGAUCUAUGCCUGCGCCCCCCCUU
UUUCUGGGACCGCACCUCGUCGCGGGGACACUAUCAAAUGCCCGGGGACGGCGCGACUCGUUUGGGUUCUCCUAGUACGG
AUGAGAUGAGUCCGCGGUUACAUAGUCAGACGCACACACGGUCAAUGAUGGUGAGCGAAACAUUUCCACCUUGCGUGUGA
AAAGUGGAUC

- (CCC-CCC---22)-00)) - - (CCCCC- - - - - - (. - - - - CCCCC-CG-CCC----200-00-0000) - - - - - -
--2222) CCCCCC- - - CCCCC-C-CCC-(C- - - - - - - - 2321)-3-223) - - - (CCCCCCCC- (- - - (- - - - - )
))-)gggggg))-)))))) ------ AR CE (@955 155 ME (NN 11555 155!

46

255

CACGCGGAAGUAGCACGGCUAUGAUGUGAGGUUCGGCCGAAGUGGAGCCUUGGGUUCCUCCAGAACACUGUUGCCACCUC
UAAAAGUUCCUUCAUUAUCUAGUUGCAGUGUCAAGCAUUCGCGACUUAGGAUGCCUCGUAGCGGGUAAUGCUAAUCGGGG
CUGGCAAGAAUGAACGUGUUUGUCGCCUUGUCAAAGACCGCAAUAUCAUUAUGUUAAAGAUCAGCUCGGUCCCAUACUGC
UUUGAACAGAUGCAG

- - - CCCC- - - Q- CCCCCCC- CCCCCCC- - (- - - - - (CCCCC---92002) - - (CC----3))--20)D))))
------- (CCC- - - - - - - - - CCCCCCCCCC-----232) 290332023033 -33-033)00) - ) - - - - D)D) - - (((((
E(E((((g)g())))))-)))))))))))) ------- D) ) ) R R EEE R (- ---- D)D) EEEEE ««

47

260

GGGACUAUAACACACGCCCCUUGGGUCCCGUCUGAUGCGAGUGUAAGAUGCAACGUCCCUCCUGAGUAUAUAAGGAAGAG
AGUUGCUGCGAGCAGCUAUGUGGAAGGUUCCCAGGUAUGACUGAGGAAGGGGGGGUCAAAUAUUGGCUCAUCACUAAUAA
AAGGAUAAUCAUCUAAUCCCAUUCAUAGAACUGCUGCUUACCGGGCCUCUUACAGGUGUAUAACCAGUGGUGUAAGCCGG
UAGUGGAAAAGUUAAGUUGU

- - (CCC- CCCC- - CCCCC- CCCC- (- - - - - - 232322 - (CCCCC- CCCCC- CCC-CCCC- - - - - - ))IDEDEY)
222 - - - (CCCCCC- - CCCCCC- - - (- - - - - 222222 (- CCCCC(- - - - - D)D) RS R
--CCCC----222)---900-00000) - - - - - ))DD) D) EEEEEEEE DI ---- (- - - ))-
2)-)))--- D) - -

48

265

UGUCUCAGAGCUGCCGUCAAUGGGGGUCGAUGCAGGUUCUCUCCGAUGAACCGCAAACAAAGGCAACAGUCGAGCACUGG
UAAUCAGCUUCUAAGAAUCCAGCGGAGAAUCGGAGACGGUCCGGAUACCUAUGAGUCUAGCUCCGGGUAUAAACCGGLCG
CUACACAGUCCGGAGCCUAGAUUAGAGUGUCGGGGAAUGAAAGAAGAGAGGUGUUACUCACUGUUACCUUGCUCUCCACU
UAGUUGGACAUGGUGAUCCGCUACC

- - (CC- (. - - - - - (@ (@ EEarrry ))))))) EESTrrs (G D))))DD)D)




)---223)-22)-2)) - - - - (CCCCC- - CCC- - (C- CCC- CCCCCCCCCC- - (- - - - 22)-22322)---20)))))
N----- R (N (G & ((((C (N (€ (( R 233-32-9003330)-3))---)
23))00)))--3))--3)))))- - -

49

270

AACUUCGCAUGCCCUUACUGAAUUCGGCAGCGCUCCUUUUGCCUGUAAAUCCUUUCGCGGUACGUAUUAUAAAUCGAAUA
CAUACCCGCUCCUAUCCGAAUGGAGUUCACGGGUAAAUAUAUGCCUCACAUAUACGCGCCCCCUAUACGUGUUACCGCUA
GGGGCUAGGCGUAUGAACCCCGCGGACUGAACGGUUUCUCUAGACUGGGGAGGCAAAGAGUGGCAUCGGGCUCUUAUCCG
UAGUCUGACGCAACGCAUGGUUAACUACAU

(CCC- - CC-CCCC- - e - - - D) - CCCCC- - CCCCCCC- - - - CC- - Q- - - CCCCC- - - - - - NN
- (CCCCCCCC-ammm- - - D) DD RERED D) ) ) ) R R (CCCCCC- - CCCCCC- - - CCC- - --D0DD)
)= I NI - (- - - - 23233-3-32332333332) (- (CCCCCC(- - - - - - )
I I

50

275

CUGGCACGGUCCAUGCUUGAGCAGCUUGUGAGAUAGCUUCGUCUAACACGCAGGGGUAAAGGCUUCACGUCAUAGGGCGG
CAAUACUCAUCCUAGGGGAGGCGAUCCCCUUCUCCAGAUGUUAGCUGCUUCUGAAUAGCUCAGUUUUUCACGCUAAAGCA
GUCUCUAUCUAGGGUUCGUCGCAUUAUAUGAUGAUCCGCCAGCUUCCAAAUCCUCGGGGUCUUGGUUAAAAGCGCUCCCG
CAGAGGGGUGGGAAAUUGAGACUAGAUGUCGGGGU

(e - (CCC- - (- - CCCCCC- (- (- - - - - - 23)-3-333333-))--33)) - - - - CLCCLLC- - (CC(C
G- (G- - - - (- - - - - MDNII----- (- - - (- - - - - (((CETEEETEESr IIMIDI))
2)---33222:3233--3322)----2002))--- DI v e n e (CCCCC- CCCC- CCCC- - CC- - - - CCecC
G.---. 22)))--3)--2333)33)-2))))) -

51

280

CACAGCUGAAAUCCACGGUCGAGCUAGAGUCGAUGCAGAUAACAUGGACUGGAAUGGUCAUGCUUCCACCACCGCUACUC
UGUGUCUGUCGAACACCUACUAUUAGGGCAAGCUGUUUCAUACAGAUUAGGUCCGAGAUACACCAAGGUUCAGACCUUCG
CGUUUUUUCAUAACACCUUUGAAACGGAAAUUCAACGCCACCCUUCUUUGAAUACAAGUGGUCUCCAAUGGACACGAACU
UGCUACCGAUUAAUUCCCGCGACUCGGGUUGCUUUUUCCG

--------------- (CC- - CCCC- - CCCCCC- - - - - Q- €CC- - CCCC- - - - - == --22D)---3))-))
D)D) ) R R (- - - - MDI----- (- (CC- - - - (- - - - - (
(G (CEEN (CR) I D)DDREEDIDD) REEEEEE II033)----903003)----03)) - - - - »
D)) ) P )))))) e 2))---)))

52

285

AAUCCUGAGGGGAGUAAGACCUGCACCCUCAAAAACCACGAGAGUCCGCUCCAUAAAAUUAGCGGCUCAUUCAUCCAUUA
GUAGCACCUAGGUUAAACGUACAAUUGGUAUAUCUAUAAACAUAUAGCUUACAAGGCUCCCCCAAAGAAGAUAUCAUAAA
GAAAGUUUGAGGUGGGAUAUUACGUGUGGCUGGGAACUGAUAGUCUUUAUAAUUUAUACCCCGACCGAUUGCGAUUCAUU
UAUUUCAUCAUCUGCUGGUAUGGGUCCGCCCGCCGCCCCCGUACU

----- (R D)D) B (((CERN ((G(C(CTERETEEEE ) ))))))) R r ey € ¢
C¢----- I ----CC(CC-- - - - (CC- - - CCCCC-- 22220 - 222D - - (- - - - (CC- - (- - - (CCCC
CCC-CC === L - - - (L - - - - - 12520 101575 TS5 7555 155 NS5 M) 1)
D) I)515)) 1)) M CCENNS ) IS5 1i5))5) ¥

53

290

GUAGAAAAGAGUGCUAUUUUUGGAAUCGCUUCGGAGCGGAUCAGUGACUCGAUAGAGUCCCUUCCCUAACCACUGCUGGG
CCAAUCGGGUGUUGUGCCUCUCGCGUCAUUAACAAUAUUCCUAGGCUAGGGUAGUAUGUGCUGACGGCUCAGCUUGCAUA
GGUUAGUGCGUGCGGAAAACAAGUUUCACCCAGAUAGGGGAAUAAGGAGCGGAAGAAAUACACUCCACAAGAUGCGCAAA
CCUAAUUGCUUCUCCUAUUGAUCGUGGUGACUAUGGGCCGGCCGUCCGAA

-------- (C---CCC----22)--D) - - - CCCCC- - CCC- - CC-CCCCC----D00DD 0000 - - - - - - - - - (CCCC-
(- - CCCLCCCLC- - - CCCCCCC- - - - . (CCCC---22D0) - - - CCCCCCCCCC----3332)--2000)
-33332332332:32)--233)----33))) - (CCCCCCCC- - - - (CCC-Cammem - - I5))) NS (((€
----- DN IININND------C----)--33)-I23))--D)))).

54

295

CCCAAAGAUAACCUCAACAAGAAACCGUUUUGCGGUGCAUGACGGGGAGCGAUCUCAUCGCCGAGAACCAAUACGAUACC
UUUGGGUCGAAUGGCGCUUCUAUGUAUCAUUGUGUGUUAAAGAGUGGACCUCGUUUCAAACGAUUUCAUGUGGGGCUAUA
UGAAAAGCGCUUGGAAUGAAUACCUAGGAUACGGAGCAACCGGAGUGGCUUGCCUCAUAUUGUGCGUAAGAGAUUGACGC
ACGCGUAACUGGGGUGAAUACGUCUGUCAUCGGCAGUGACAAAUGGAGCAAAUAU

CCCCCC- - - - (- - (G- - - - (- - - - - I2)---3)--900)-CCCCC---IDD) - - o )
DODDD ) B (CC- L - - (- - €C- CCC- - - - CCCCCCCC- (- CCeaaecC----20»
2323)--33-23223323)-2332)--23))) - - -+ - - - - (L - G- - Qe -am e m- - D))
2))-))--233))--)-)))-))))------ )))D))DEEED)))))) FETrre

55

300

UUGACGCUUCUCUGUACCUGAGCUAAUAGAACCAUCGCUGACGAUGGAAAAAUCGCGGGUUUGGCUACACCCGCGCAAAG

UGACUAAAAACAACGAAACUCAUUCUAAGCCCGUAAGAGAGCCAAUGUUACGACGAGAGUUAGCACGCCCCGUACCGCGU

UCAGUGCUGUUCUAGAACCUAGUGUCGUGCCAAGCCUCGACAUUUCGUAGUCUCAUACUGAGCCGUCAUAAUGCUGGCGG

ACCGAAGCUCAUACGUGUAUCUAGGCCACAUUCCUGAAAAGCAAUAGAAGGGUUGAGCAU

( (RGN (((((CR ((ER (((((CEED) D)) REREEE (T M- ---
290D EREEEEE (CP (T (G 2-2232) - - (CCC- - CCCCCC- - - - (- - - - ))-
SO0 00) FEEEEEE ICENCCCCCCE AN  15)5) ) 195 195555 IS ) H) Y (CC( (TP DI
15515555 MININND ((C------ 9591090655 7855575755 145 W
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AGCCGAGUUCUGAAACUCCUGUUAAAGCUAACGCAGAUCGGUUGAACACUACUGAUGCCAGGCGACGCCAUUCAUACCGE

UAUGCAACCACCCCUCGUGGCUGAUUGGUCCUGUCAGUGCGACUCUCCUGUCCCCGUUUAGAGGGGAGGUAGUCGUAACA

UGCGGACCCUGGUAUGGUAGGCGCGUUAACUUCAGACGCAAUAGUGAUGGAUGGCACUUAACGGACAUACUAUGAUAAGC
AAUGUGAGGCGGAUUACUUCACGGGUCCUAUCACAGCGUCAAAAGAUUCCCCUGGGCCCCCACGU

--(CCCC-- -0 - - - - - - (C----2)- - (CCCCC- - - - - - - - 22222 - CCCCCCC- CCCC- - CCCCCCC- -

(OG- 3929 - - CCCCC- (- CCLCLCC- - (- (- - - - 2322222-22000))- - -

NI - I - INIM- - - - CCC- - L Lo DESINMIN (G E
- (CCCCCC- - - - - - 1959595 ME5155)) 1)) 1h) YN ))))) EETTTTPrre
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UCCUUGCUCAAAUUAAUACGCAUGACAAACGUUGAUGUACCGCGCAGUCGCAUGUCGAGGAUUGAGCCACAGGGUGGUUG
UAUCCCUUACGGAUGGCCAUUACGCGACGAACAGGCAUAUUCACAUGUCGAAGGCUGCAGGCAACCGACAAAGAUAUCAC
GUUGGUGUCCUCCGUUGAGUGUGGAACGGAUCAACUGUUCUAGCGGUACUUACCGACCCACGUCCAGCAUGAGCGAUGGA
CAUGCAUUAGAGUUAACGCAAUCAAUAUGCCUGGUAGACUACCUCAGAAUACAUUCGCGCAGUCGCACGC

(G- (CCCCCC----222-20)) - - - CCCC- (CCC(- - - - - - - CCCC- - CCCCCC---22002) -
). W----2)----. M) - - - CCCCCCCCCC- - CCCCCC- o - G (LG - (Lo -2
12929 15 ) M (@R (@ (CTINC(CONNS))))) I 33)--2233)--22))---33)--)-))
)))) FEPPrp O INS))5))))5) NI ee D)----I))--
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CCUUGCACCUCUUUUAACCCAUAGCAGGGCCUGGACCUAGGUGUACAUAUCACCAAGAGGAUCGUGGAGUAGCUGGGCCG




ACUAUUCGGCUGUCCUGGAGCCAUGCAAGGCGGAACUACUAGCGCGAAGCCAUUCUGAUCGAGGAUUGGUGCUGCCUAUG
ACUACCCUACCUGAUCCCUUUCACUCUCACCACUUUGAAGUGAGUGCCAAGCAUAAGACAAAGUAUAGACACGAAGUGUC
UUGGUACCGGAACUUCAAUGUUCCAAUGCGUAAUACCGGACGUUAUGUGUCCGUAUAAUGCCGGCAGGGACAUUU

(R ((CE PN (N (TR - CCCC- - - - - - - 23)-)) - (CCCCCCCC- CCCC- - - (CC
AR50 WCRN (NN DN (CC- CCC- - CCCC- (- - - - 233-333)--333))) - -
2222399 NN - - CCLCCC- (- D)IDDDD)DEDD ) IED) REE R R TR CCCCCC---200

)-2))---CCCCC. - - - - - - - - CCCC- CCCC- CCCCC- - - - - 2I))003))-330)--I))))---- - -
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CCCGGUGAUUCGUUUCGCACGCGACUCGUGCCGCUGCAGUCACCCCCACGCACGCUGGAAAUUCGUCAUGUUGUGCCAGC
GUAGAUACCGCAUAGACCUCGAUCGACGAGGAUCCUCGGCAACCAACAUCGGAAUGCAGUAGAGGUGGGGACUCCCCUAC
UUAUUUAUUAUAGCGCGAUAUGUUUCUAACCCUCUAAUCUAGGGCCAGCUGAUUCCGACGGUAUUUGGCGCCGCGAGAGA
AAAAGCCAGCCGUCUGUUUAUCCCAGACUUCUGCGCCGUCCGCAUAAUUCACACUCUCGACUUACCGCGAAUCGCCGGAA
- (CCCCCCCCC- - - CCC- CCC-C----2-0000) - (G- - - - - - - (CC-CCC- - €C- - - CCCCC- e«
Gonnnes 2D - (- - - - - 33333-23---332)--2323) - - (CCCC- (CCC- - CCCCCCCC----D2000)
D) R L R (((CRRErEE M- IDMMMINIINI - - M- (-

- - (CCCC- - (- - - - - - -0 D-C---)eeonoe 2))--))).---- D)D) --
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UUUUCGAAGUAAUCAUAGACAACUGAAAACAUCCUUCAGCUGGAUUACUCGCCGGUGUAUCCCCAAUAUUUCACCCGUGU
CCUAAGCAACCGUAAGAUUACAGCUGGCCCGCGCUCUGCUGGCGAGACCCCAUUACUCGCAUGAGCCGACGGACAACCUU
UUACGACCAGACGCGCGGUUCGGAUCAAUUACUACCACUUAUCGCAAGAGAAGCUAGGUACCCCAAGAACUUGGAUAGAU
CCAGCUUUAACAUAGCGUCGAUUUUAGACCACUACACCCAGGGUCGAAAUUUCCAGCGCCAAUCGGCGCCACCGUGUCGA
ACAAA

- - (CCCC- CCCCCC- CCC- - - - (- - - - - - D)222002)))))) EEEE ( ((( CREREREERE (S
- (CCCC- - - - CCCCCCC- - - - - - (CC- - - (- CCCC- - - - - ((((CRT TR 3322)--3003)-3))----- - )
2))) - - - - (CCCC- - CCCC- (- - - - - - (AR DI B ((CCRRRP22 0 EEe) )
g))))) -------- D)D) EEED D)) DEED D) EEEREEEE 2222900 ---- (CCCC----32332333))- -3
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UUGUGGUCGUUAGGAGAAUCUUCAAACAAUCGUGUCUACCCGAUAGUCCGAUGCAGCCGAAAAAUCAUCCUGGGGCAAUU
UUAAACCGGACCCUCCUUCCGUCUCGCGCCGAUUUCUAGUCAAACCCAGUGAGGAGAUAACAUUGUAAGAGCCGACAGUU
UCGCAGCUCUGUAUUGGCUGUGGAAACGACGCCUAGACUAAACGGGCAAACUUGUCUUCCUUUGAUACUCAGGAAAUUCU
CAUGCUUAACAAGCGUUAGUCCCCGUCAGAAACGCCAUAAACUGGCAAAAGGUAGACCGGCUUAAUGUUGUUCCGACAAA
AGGUAGAGGA

- - - (CC- CCC-CCCC---322)-32)-3)) - (- CCCCCC- (CC- - - CC- - - - - - 2)-)--2))- - . - (CCCCCCCC-
CCCC- CCCC- - (- - CCCC- - CCCC- CCC- CC- (- - - CCeCCemee e - - - - DD - - (- - - - -
23)--2333>---3233322-3322-32-33)--2)) - - - (CC(C- - - - - - - (R M-
-gggggi-i--)))))-))--))))) ------- - --- 2333--3332--3-3333-3333-000000))) - - - - -
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AUUUACUCUAUACGUGCUACGGUCUUUCGAGAUCAUUAAGGCAUUAGCCUAACCAUGUGGCAACAUUUCCUGUUUCUUCU
GUAGCCUUGCUGGACCGUGGGUCUCCAACUCUGUACGUGAAUCUUACCAUUACAUGCCUGCUGAAAUCGCAGAAGCCUAU
GCAUGUUAGUUAACAUUUCAUCGUGAUUUCGUUGGAAAGAGCUCAGUUAACUCGCCCACUUAUGUUGAAACUUUUAGUUG
GUAUAUGAAAAUCUUGAUUUUGUCGGAAUGCGGUUCUAGAAGGCCAGGCACGGUUUGGGAUUCAUAUAUGUUAAACCAGU
GCCCUUAUGGUGAGA

---------- CCCCCCC- COCCCCC- - (L= - CCCC---0)) - - - - - (- -)D) - e
----- 392 IDNNCCC - - DI MMM - - L - - - L (CC CCCCCCC- - - - (L -

(CC- (- - (- (G- - - - 22-290)-C---233003))-2) - - - - (CCCC(- - - (CC- - - - - )-
))g)))ggjjjjjjj ----- 322322939993 - - (CCCCCCCCCCC- (- - - - -- BB
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GGCGGUCGUCUAGGCUCCUCAAUUCUGGGCUUUUUUUCAAACCGUUGCUCGUGGUGCUGCCAAUCGCAUAUGUUAGAGCU
CACGGGCGGAUGAUUUUGGGACCGUAUGGCGGUCAUGCUCCACGGUGUGAAACAGGCCUAGAUAAGAUCGCUAUCCCAAA
GCAACUCCGCAUAUGGUAAGUUACCUCAAGCAACCGGCUACCCUUGUUGUGUCUGGGUACGUUGUUACAGAGAAACCUCC
GUCCCCUCAGUUCUUACUGCGCGACGGCAUUGCUUCAUGAUAGCAUCCCCUAGGCCGGACCGAGGUCGAACGAUGAUUUC
CUAUCUACAGACCCUCAUAC

- - (CCCCCCCCCCC- - - - - - - (L - (- CLLCC- (- - (Cemee - - - - 2)-))-))-
D)D) (- - - - - MI)---- - 23333-33333-32I2223)) - - - (CC- (CCCCC- - - (€
(CCCCCC-CC- - - - CCCC---0DD) - - - - D) - - - (Lo - e e - - I I D)) EEEEEE «
(;;55(-((§§)) 53315755555 1855555 D IS555)5955 15555555 19555 M (SN (N
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AGGGUCGUGAGUCAAUGUCUGGACAAUCCUCGGUGGGCCCAAGUUAUCACGUGGAGUUACCGUUGCUUAUUGGAACGUGA
ACCAUUCCGGAGCUCUUCAGACUUAUGGGGUACAUCAAGGGGACUUUGUUGUUGAUAAGAUGGUCUUGGUCAGGCGCUUG
ACAAGCACAUCAGGGUUUAAAUGAUUCCAAGCAUGGACAAAGUGAUUAUUGAAGGAUAUAAUGUAAAGACGUGAAGAUUG
CGGUUCGCACGUUCUAUGACGUUAUUCGGCGGCAACUGUGUGUUUCACCGCCGCAUUUGUGCAGAUGCUCUAGCAAGGGG
ACGCAACCAGAUAUCUUACCUUCCA

- (CC- - CCCCC- - - (O - - - (O - (A - - (- - - - CC- - - (- - - CCCC- (- - -
-)-:232)-220) - (CC((- - - - - 55))) NSt 2)--333)--2-2-22)(CCC- - CCCC- CCCC----D))
D)) D0 R0 DDDEDDDDD)) FERREEREEE (CCCCC-CCCCCnmmmmeen e (ERUR UL

32222222222 ---I9I222))) - (- - - - (. - - - IIIIIIENIIIDED) EED D)) EEEEEE D)
)i )INNNINNI-IN-
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UUGACGUGACAGGGCCUUCUAGUGAGGUUUCGUAGAUCGUGACCUAAGUGUGAUUUCUUGACCCCACGAAGUCCAUCGUU
GAUAGGACAGGCAGCAAUAUAGGCGUCAACAAUGCCCAAGCCUACUCUUAGUUGCGAAUAUUGAAAAUCGAAGCGUCGUA
UUGUGCGCACGUACCAUAGUACUCGGGAUCAACAUGCGACCCGCAUUAACACAAAUAGGUGCCCAUGCGCGUAUGGAGGG
GCCCGGUCUCGGUAACCCUAUACUCUCGCCCGUUCCGGCGCUUCUACGCACACAUAUCAAGCUGACGCUUCAGCUGGUCU
AACACGGUUCAGUCAAACUCAGAGCAGCCU

(CCC(- - - CC- - CCCCCC- - - - - 232 --2) - (CCCC(C- - - - - - (CC- CCCCCC-CC----32-0000000)) - - - -

- CCCC- CCC- - CCCCCC- (- - - - - M- (C-CC--- - DI ISI)H)5) e CCCCCCecC
CCCCCCC - - - CCCCA - (- (L - €= - - Lo - (- 22)---2200000))---)-
D))2200015))) MEEERERI, (((CEEES D)) ) RN D)D) ED)D) EEEEEE 2I321333-33)-2)))
29))))))EES)))) TP

66

355

CUACGUUUUGUUAGAAGUAGAAUCGCGCUGGUUAAGUAUGCCUUCCUAAAGGUAGUCGUCGAACCCUCCCAUCAAAUUUG




CCACCCUCGACAUCCCCGAAAAGAGCCUCACCGAGGUCAGCAGCGGACUGACGGCUAACAUUGAGGAGAUAGGUAAGUAG
ACGGUCCUCGCGUAGACAUGACUACUCUCGAUGGUGCGGGUACCAUUCAAGUGGCUUACUUAGUCUGCGAAGAGCACUAG
GGACGCGUUAUCUUUCUUGUGAUUUCGUGGUACAUCUAAACGCAAUGUGCGCCGACUACGGUCAUACUCUGCCCGGCAGG
CUGACAUUAUGCUUACCACCGUACUCGGGAAUAGU

(CCCC- - - - CCCC- CCC- CCC- - CCCC- - CCCC- - - - - ((CCCCEREEP2)) DD RREEEE M- - - - - ¢
(S (TP rr (CCCCCCCCC--C----2--222--322-220)----3322))-)---JIIDI)) - -
- - (CC- CCC- (- (- - - CCCCCCC----3203333--222))-3)) - - - -D)3)))) - -)))-))) -)
MIIDI---333--332-22)--2I)) - - - - - ((CH ((CRPe 222 (CCC- - €G- (- - - - ))
)-))---I)))---- - 2332))-33))---)))-
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CACGGUAUGGACAAGGUGCUCGCAGUCUAAUACCCCGCACCCCUACUCUUUAAGAUCGUGUCCUUAUCCCCAGUAACAGC
AGCGCGGAUCACGCCGAGUCUUCUAGCGAUAAUGUAGGCUCAUGAGCCGGUCUACAUACGUCUAGUCUCACCGUAGACAC
UGAUGAUAUAUUUUUGCCCAGAAGUGCCUCUGAACACGUUUAUGAUUGCUGACUAUGUGGACGCUAUGUGUGGGGCAAUC
GAAGUUCCUAGCUGCCCUUAUUGGUGCGGGACCACGCGCAUCACGACCGCAUGCUGAUACCCGAAAUGGACCCUCCACGA
UUAAUGAUGAGAGGAGGUGUGUUUCCUCCUCUCCCUAUCG

- - (CCCC-CC- - - - CCCCC- - v emea e e M) CCCCCCCCCC- - - CC- - - - CCC- CCCC
(- - CCCC- - CCCCC- CCCCCC-Cammemm e 22222 - - - (- - (CCCCCCCC- (CC-CCC- - - - - CCCCCCC- -
R CEN (CCC(CCEEER)D))D EED) EEEEEE 222232)---3321332333332133))--2)2)) (- - -
------------ D)D) EEEN (CCCCCQI TR 2220 )0 EEuS ) DD B0 ) D10 DD EED) EEED ) D) EEERES ) D).
)------ (T 2)))))000))))
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CCUCGAACCCAGUCGAACUUAGUUGGGGACAUUCCAUUCAUGGAUUGACCGAAGGUCUGGGAGUCCGAACGACCAUAUUU
CAUUGGCUGAGUACAACUAUGAAAGACAAUUCGACCUCCUGAUGGCCUAGUACUACGUGUGGCUUUGCACAGUGGGAACG
GGCACGGCGUACAUAGUAGGAGCUAAUCUAUUGGGUUUCAUGCAUCAUGCUUCGCAUCUAACAUCUACUGAUGUAAAAUU
AGCCUCCCGCUGUGGCUCCCCGGCACGCGGGCUUGAGUAUAAACUAUAAAGGAAAUGUAACCACACUUACUCUUGCUGUU
AGUCUGAAGAGCAUAAUGGAAAUAACGCCCGGUGAACCAUGUUCG
R SRl CCC (G G D)DD) D EED FEEEEREE (CCCC- (- CCCC- COCCC- CCCCC- - (- - - - - - - (€C¢
(CC-CC-CC----32-200000)) - - - - - 333--2333)---3923) - - - - ((C- (- - - - - CCCCCCCCC- - -
(CC---CCC-- - - - (CCC- CCCC- (- - - - 1)50285951951555515)) Jou CCCCC----003)- - - - - -
-223232212222) C(CCCCC(- - - - - D)DODREEDD D) R R R PR ))DD) ) EEREEER (- (C
------ 555555 1005)) MNINNGS155755555)) Wi
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UAACCAAGCUGGAGGAAUUGGUGCCCAAUCCACCCUGUUUUUUCUCUAGAAGGUCUUUGCACAUUUCGUUCUGCUAGAAA
UUCUGCGUCCGGUCCUCGGAAUUGGCUGUUUCGUCAUAUUUCGUCCAUUCUGGAUCGGGAAACAACCUCUUCUGAUAGGU
GACCCAUCUGAAUUAUGUUUAAAUAUGUACAACCAUUGAUCUAACGUUCGCUGGAUCCCGCUUCGAGUAUCAGUAAUUGC
AAAACCACAGGGAACUACAUGUGUUUACAUUAGAUGCCAGUCACCAGACUGUGUAGGGGCCACGGUUCGUACUGCCGUGU
ACAUGAAAAAGGGCGACAUACGAAGGACCUACAUGCAAUGAUCGUAGCAA

-------- (CCCCCCCC- - CCCC-- === --DDD) - - - - - -22D32))D) - (LCCCCCC- - - (C- CCCCCCC-- - - - -
- - (CCCC- - COCCC- CCCCCC- - CC- €l - - - - - - (CCCCC--- - - 232-32333333-3)--33)3)) - - ((C
(CC- QL - - - €L - - - - - - - CCC-C-- 2220002000 - (CCC- - - - - - - (R D).
--------- I INMN - INMVNNI-- MDD - (- (- - - - - IIN-

DITTPry 195575155 7855557595) M (9955 55> ¥
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CAUACCUAGAAGGUACAUAACGUCAUCUACCCCUCGGCUUAGGUACCUCGUGACACAUAUCGUACCCGAACUUUGCACGU
GGUCUGACACCCGACUGAUCGGCGCUGUCGGUCAUACGAAACCGAUACUAUUACCAAUCGUGCAUUAAUUACUAGCGAUG
UGAUCUCGGCAGAUUCCCCUCCGUACAAACUGGGGGUACGGUGCUCGGCGGGCGAUAUAGGGAAGGGUUCAGUAGUGGUC
GAUCGCCCUACCUGAGAGCACUGCCUAAGAUAGCUCAAACAAUCUAAUGAAUAAUUUGCAGGUCGCGCUAGGGUCAUUCG
CGUCCUACCCGACAAUCCUUUACCGCUUUAUCGGCGUGGGAGUGAUCUAUCAAUC

- - - - CCCCC- CCCCCC- CCC-CCCa - - m e 232337-22232) (CCCCC- CCCCCCCC-- - e - - CCCCCC
(CCCCCCCCCCCCC----3323-3-230))) - - - - - W---))--mn-- - DIDEED)IDD) EEEEEEEEE DI
D) IR U E5) 1557 I (@ OG- - (G- -
5 BIIHHIBHIHHNICE SN D)) N 2333333--33300003)) - - - - (€(¢
(- (- - - - - - - I5)15)5)7555555555) HNIIIIGN
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UUCGCAGCGCCGUUAGUCUUACCCUAUUUUAGACAUUUUCUCUCCAGAAUGAAACAAACCGCGGGAUACAGCGUGGCGAA
CAUACUCACCAUGUCCUUUGGCGGAUCUUCCGCAACGUUAAGAGAUGACACUUGUCCUGUGGUAAAAGCGUACCAUUAGC
AUGAGCUAACCACUCGGUCUGGUUGGCCAGUCCUGGAUCGGCCUGCCCGGCGCAAGUAAUAGUUUGGCGGGGACCUGUGC
AGCAUGGAUAGGCCGAAGCCCUCACGGACUAUCUGUACUUUAUUCCAAGCGAGAUUAGCUGACGAGUGCUAUUCAGAUAA
GAGUGACUGACGCGCUGAAAGCAAAAAGUAAUAGUGGGCGACAUAGACAUGUUUGGACAA

- - (CCCCC- (- CCC- (- - - - - - (CCC((- - - - - - M- - - (- €C-
----- -0 (CCC-----32)) - - - (CC(-----3))---333)2)32)))) - --1)-D)) - - - (((((

550 I (((EUUMR CE (@A U U (O B (S (@R
D000 155000000 205 ) IS )55 DN (CRUCTRRE 23)---3332333)--333)) - -
195957579955555) M (At (N (NN 2))--))--)))-----
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AAAUAGGACUGCGUGUGAAUAACUCGUUAAUGGUUUGCUGAGAACGCGACGUUGCCAUGGAACCGUUUCUACCUCUGCCU
AAUAAGGAGCCCGGAUUGGAGGACUAAGAGAACAAUCUACCUGGGACAUGCGGGACCGGCGUGUUUUAUCCAGUCAGUUG
CUUGACGGGUCGAACGUUUAUACGGAGCGAAUGUGCUUCGCUAGCAUGGCGCGACUUCGCAUGUGGACGCAUGAGGUAUG
GCGCGAUCCAGACCCUUGUGGUGUGUCGGGAUCUAUACCCUGUUUGCAUACACCCUUCAUUGCAGAGAAUCGUGUACUGG
AUGCAUGCAGAUCGGUGGGGUCUGAAUUGUAAAGGUCGGCUUGGCUUGGAACCGCCUGUAUGACA

- - (CCCC- - - CCC-CC- - - - - D) ID) ) FER (C CCCCCR CCPE ( CC R ( (R CRRN0 LR CCCCCC-
- - (CCC- CCC- - - CCCCCCC- - - - - - (C------ 2D - - - (CCCCCCCCCC----2-2332232232)331))) -))) -
222)--23)) - - - - (CCCCCCCCCCCCCCC- - CCCCCC- - - - - 23233)---33-3333>--2233233)---3)I))) -)
) (CCCC- CCCCLCCC- - CCCC- CCC- - - G- mmmmmem o - I33)-)---3-332-)
2)-)--33)-332)--I30993)-99))----I3))-3)--2)-- I I - --- -
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UACAUACUAACAGCAUCUUCAUUUUUCCGGGAGGAUCUGGCACCCUCGUAGAGUUGCGGACUAUUACACUGUUACAGGCG
CCGGCCCCCGAGAGUGACACAUGUACGUUAGCGACAAUGAGACUGGGCGAAGCAUGUCCUGUGUCUGAGACGCCUUGGAC
GGACCUUUCUUGUGAGUCCCCAAUUCCAGCGCCGAGGGAACUUCAGGAAGUGGUGUCAAUCGUCACGUUGGUUGCCUAUG
UCUACCAAGAAUAUAGACUGACGAUUACAUUUGGAUGCCGGUGAGGAAGAAUGAUGCUAACAGGUGUCGUAUUUGGCGAC
UGCCUCGGCCUUGCCAGUGCGUCAUGGCUUAGGUGCCCACCGUAAUCCAACAAAUGGAUCUAGCUCUGAG

---------- ((C- - - - - COCCCCCCC- - CCCC- - === --DDD) - - - - - (- CCCC- - - - - - - - -D3D)-D) - - - (€
(R (T e (TN (R S (A @ ((CER (R ETT) IY)))




D)D) R 22)--233322-3--33-32)--2-)- - CCCC----3222-2I22))-)) - - - - (((- - ((. - - ((C((C
CCC----22-2209222)--20)--- - - .- 2332--3222333-23332113)) - ((C(- - - CCCC- CCCCCC- CCCC(-
S(EEE)15))5))))))) FErH ((Crrrry DI ---(CCC. - - - - 2)))-)))-)))- -
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AGUGGAGAAUGACAUCGCAUAAUUGCAUAGUAGUCCCCCGAACGGUUUGACAGCGACCGCACACUUGACAACAGUCCCUC
UUUUAUUCUUGUGGGAACUAGUGGUAGCAAAGUACUCUACUGAAGUAAAGUACCGUCCGACCGCCAACAAGCCAAGAUUU
CACUUCUUUGACCCAUAGGUUUCAGUUGCGUUGCGUCUUAGAAGUGUCGUACGAGAAAGUGGGUACCACCAAUUAGUAAC
UGGCCUAUGGAGCAAGAGGUUGUCGUCCUUCUGUAGUGGGUCCAGAAAGUACUACAUAGGGUAAGCGAUAUCUAGUAAUU
GAAUGCUCAGUUGUUGCGCCUCUUCGGACCGAAAGCCUUGGCUCCCGACACCCACCCAAACAAGUUGAGCGUCCC

N (O R WC--2))------ C------- (CCCC- CCC- CC- €L - - - - ((----2)-CCC(-(
---------- >)--- ). - (CCCC CCC- == M I IMI- - - - - - (CCCCCC- ((C
(- CCCCCC G- - LT - €CCC- (- o DEDD) ) IRTEREE CCCC---223)--- - - - )))))
I0I2232)--99099))- - - - - (R (R )--2I2222) - - (CCC- - CCCCCC- CCCCC(- -
=39))) 1) 15))))))))) EEE9)))5)))ES))))))EES)) BD))) F e S S TS
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UUUCUGUAUCCACUGUACUAAAUAGCAUGUGACUCGACGUCCUCGUUUACCUGGACACUUAGUUUGAAGGUUACGUUCAA
GGGGUGUGAAAUGCGUUAUUAUUAGGUGCAACGAAUCGUUCCACUUGGACCAGCCCUCAUCCGCUCUUGCUUACAUAGGG
GGCGCACUGCUCCGUGGGCGAAACGUAAUGACUAAUCGUUACCGAUAUAAUGUUUAGGGGCAGCUCUCGUUCGGUCUGAU
CGCCGUAUUUUUCGAUAAACUUGUACAAUUUUAAGGCCGAUCAGGCUUAACUGGUGAACCUAUCACUGCGGCAAUCAAUA
CCGGGAUUCCGGGCCCCUGUCUUGAAGCGGCGGUGCUGCCCUAACCGUAAGUCUACCCGGUUUACAUCCCCGAUCUCGAC
---------- (CCCCC--------232-3)) - - CCCC- (CC- - CCC- - CCCC-CCC-----0D)---0DD) D)) - - - - -
(CCCCCCCCC-mmm - - o (CCCCCC-CCCC---2220-00000D) - - - v e - - - (- ---- CCCC((- - - - ((
(- - - (- - - - - (CCCCCEE) ) D)) FE R R EEr CCCCCC- L - - €L CCCCCCCC
(CCC-nmrne-- () IR TR 2392999990 90 - (C(((. - - . M)
1¢C¢e5555)7))))))5) 1915%5)5)55751575)5 14565555 M 2)))))0332)))-3))-)))) -
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CUUAAAUUUGUGACAGCAGCACUCACGUCUGUUCCGGUAGUGAAUGGAAUAGACACACCGAAGAAUACCAAUGCUUCGAG
UCUACCUUCUUAAUGGUCUGCCAUCGGCAGGUUAGGAACCUAUAAUUAUACUAAAGUUUCUUCAGCCUAUUCCACCAUCC
GGACUUUCAUCCAGGCCUGGGAGCGCCGCCGCGAUUUUGCCACAAGUCUAACCCGAAGUAACUGCCUUGGUAUAGGCUAC
CUGCCUCUAGAGAGAGGGCCAUCGGACCUGAUAACGUCGGAACCGGCGAUGCUUUUAGACAAGUGACUUAUAGUGGCGAU
CUACACAUUAGCAAAAACAUCUGUUACAUAUUUCUUUGGGACGUAGCAAGGCCCCAUCAGACCGGGUAGGCCCUCCGUUA
cceee

- - - CCCC- CCCCCLCC- - (- CCCC- (- - - - - (- G- - - €C----22-000)
do---- QL - - CCCCC---D00D000000D0) - - v e ee e )N )))))
M) 2222)-333)-2) - - (- - - - - - (- CCC- - (CCCCC- (- - - - - G-+ --- - -
SR CCCCCERED ) )D) EEREDD) ) LRRERRERE ((((( )))---- - III)--3))-)----- D)) -
S35 5555555 15555 I (L (BRI (A 233-33033)-3))--
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AUGUCGGGGCAGGCAUGACGCAAUAACAGACGAAUCGCCGAGCUUAGAGUAAGUGCCCUCGCUUGCCGCUGAGUGCGUUC
GUGUACAACGUCCUCCGCUGUCAAUAUUUCGAAACUUGACUUAUAAUGUAUCAUAUGCGCCAGCCUUACGUAUGACCGAG
AAUGUAAUUUUGAGUUAGCCUUCAUAUACAGGGGACACAUAGACGCGUUUUCUGUGAAGUGUGUUGCCCCCAAUCGCAAA
UACCAGGGGGUACUGCUUACGGCGCCUCGAAUGGUUGCAACUUGCUGGCGACUAACAGACGGUGGAGUCAGCAAAGGACA
ACUCAGCGAUCUAAAUCCAGAAAGGCACCUGUGGAUUACGAAGAGCUGUGCGGCGUUAGAACGUCAGUGUGGGUGGUUGA
CCAAACUGAA

- (CCCCCCCC- €CC- - CCCC- - - - - - (CCC- - - (- - - CCCCCCC----23222)) (L - CC(C
((Ceennnn (O (CGCCmmmmnnnas D) EDD RREEE Q-2 - ))--
- - (- - - (- - - - - - (AR E TN 55 155 I N (.
----- I NI NN I -« --DNNMN- - - IN)-
gg)))gggj----((((((---((----))-)))))) ----- 55555 7895557) Mtas 233)--333)-33)-)))-
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CUUCCUGGCCGAGUUCCAGGAAGAGCGCAUUGGUCAACGCAGGAUCAUGCCAACUUAAGGAACGCAGUGAUAGCCAUGAG
UCUAAUUGUGUAUUGAACGGAGUAUCGCUUUCGUAAGCCCGAUUACAGUCCACACUAGGCACUGUUUAAUGGAAAAUCGU
CUCGCACAGCUGGCGCCCCUAGUCGCCGAAUGACCGGUUAGCGGUUGGCACCAUCGGGGGAUGUGAGUAGUCUGAUAGAC
GUUAGGUGAGCCGCUUAGAUGGUCUCAAAGCGUACGCUCUGAUUGAUGGCCCAUCAGUGUGGUCCCCAGGCCACGCGGCG
CCAUCCGGUAACUAUGUAUCAGGACAUGGGCUCGAAACCAUGCUGCUCGAAGCGAAGCGAGAUAGGGACAGCGGUUAUGC
GGUAGACGGGAUGUU

- - (CCCC- CCC- CCCCC- - - (- - - CCCC- CCCC- - - - - - - 23233233 ---33)--232)) - (CCC(- - - (C- (C- - -
----3)-3)-33))) - -))) - - (CCCCC- - CCCC- - - CCC- - - - CCCCCCC- - - - - - DI «
(CCCC- - - CCC- CCCCCCC- - (- (- - - - (- - - - - INNIN- - I - CCCCC L (-
CCCC- - - (- €G- - - - - 2)II00)---90))----- (@R (@O
3333)'55333)")'))))))"((((( -------- 23233333333--333---3333333-33)---33))----))
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AUUAACUUUCUUCGGUGGUGUCCGACUAUUUUCAGGUUCUCAAUAUGAUCAAUACUGCCCUGCGCCCGAAUGAUGAGCAU
CAGGAGACGGUGGCCUUGCCCUUACCCCCAAUACCAAGCACUAAGAGUAGCCGCACCUAUACAGUGAAGGAGCAGAGUGG
CUAGCACGAGUCCGCGUCGGCUUCACCAAGCGACUCUACGGGCGUAGCUAAGCGAGGCGAAUGAUUGUACAAGGAGAGAU
AGCGGCGUAGGGAGACUUCCCUCAUCUGUCUUUUGAGUCAGACCCUUUUCAAGGGCAAGGACCCAGCUCUUAGCUAUAGC
CGUCAGUGUGCAGCAUUCGAUCCAAGACCCAUACCAGCGGGCACGUCCACCGGCGCGGGGGAGUGGUAUGCAUACUCCCA
GACCGAACUACUAAAAGAAG
----- (CC- - €C- - CCCCC- - - - (C- - - - - =)D - CCCC- - - - - (CCC- - - - - CCCC- CLCCLCCCCCCC- €C- €€
----- U UL R E R O (OB E CEID 1)) B))) ) I IR (X ¢
CCCCC-CCCC----2-0000D) - - - - - - I INN-ININ-----.. I E (ALK
-GCCGCCAC--22202)03-33003-0330033033))--333)) - - 2009990020 -0) - (- - - - - )D--D)
MMM NN (CI((CEEPPES D)) ) R 2030033390 ----- D)D) EEEREE
2)))--))3))--))--)))
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UGAUCCGCACUUCGCUCUAGAUCACUUCUUAUGUAUAGCUCGUGUACACGUUUCAACCGCCCAUGGGACACCUUUAUAUA
AAUAAGGUUGUUGGGAUAUAGAUCUUCACGUAGGGCUUAGAUACUUUCAUUCCGAAUGUUAACCCCCCUGGCAUGCAGGG
GGUCGGUUGUACAAAUCAGCCGAAAAGCCAGGCCGUGUUUGCCCCGUCGAGGAUAAAUCCUGCAGCUGAUUCCGAAACAG
UCGUCGUUAGAGGCUCGAAUGGCUCGUAUGAUUGACACGGGUCAUACUCCUAAUAGAACGUAUGUGGUGCAAUUCACCGC
CCCUGUUCAUAAGGCCUACGUCAGGUAUACCUCAAAUAUAAGAACCAAGAAGUACAUCGAGACUCGGAUUCCCCCAUCUU




UCUUCCAUGGGUCUUAACGCGCGGC

- - - - CCCC- - CCCC- CCC- CCC- CCCCCCC- - CCCC- - (Ll - - - - - CCC-- =)D D e emme e -

----- (CCCCC- (- - - - (- - (L - Q- - mm e e == - CCCCCCC- - -2 2000))

))((((((( ------- D)))DD) RETERRE 2)--223322333223)-333333--200003))0)) - - - - - - ) --
NI CEEERD B> R )RR )DDD) B D)) FEREEEEE CCCCC- - - (e - - - - ))))))
)))ggj----((((----jgg)) -------------------- II33333--333-32)--20)) - - - - (CC((.- -
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GGACCGACGAACGGGAGUCGAACAGGGCGUAGACAGCAUCCACUAUCAUUAAUUACUCAGAUAGCCUCUUCUUACAGACA
UCUAAGGAGACAACAACGACGGUACGGGCUUUGUUUGGAUCCUUGGCGAUAUUAUUAGGCCGGGUUAAGAAUUCCGUUAC
AAGAGGGUGAUAUUUCCAAGCCCGUGCAUAUUUAAUAAAAUCGAUGCAACCACGCACUCAAAGGUGGCUGGACACAAUCG
UUGUACUUCUUGUGGCGGCGGGUGUGUGCGUUAGUAGUACACGGGAUGAUCCUGUCCUUAUAUGCAUUCCAGCCAUGCUC
UCUCAUGGAUGUCAACAUUGCCUUCAGCGGACCGAAGCGAUUUUAUGAAUUCGUCUACAUAUCACCUUUCUAAGGAACUU
GGAGAUUCCAGCUACUGGGAGCCCAAAAAG

----- (O (P (] ((O (CR ((CER ((((CEFFEERRIREED D) ) ) BEEEEEEERE ( ( (¢
(] (TR CCCCCCCLC- - - - AR (O CEN 157515 ) TN (€CC(¢
------ DN FE55352) 22000 MEREEERERRNNIEN ¢ CC ORI 55 16 > M (L CCCCCCCC(Ca
(- - - - I - (L - - - NI -INMNN--))
2))--2000)))- - -- - 22)-:2)-22)--2)---300)) - - - - D))DD) EEEEERE (((CErPE )---(C
(EE(E)))))D)))) Frre
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GUGGUGCGCGUAAAACGACAAUCACCAGGUAAUGACAAAACUAUAUACCUCAAUCUACGGUUGCAUCAGUGAUGUUUAGA
ACGGGACGUUGAUAAAGUAACCGUUAUAAAGUGAACCGCCUCAUUCUUGAAUUGGGAUUUUCGGAUGCCGAAAGUUUACU
GUAGUGCCCCCCCUUCGGUAUACCGUGGAUUGGUGGAUCGGCAAGAUAAGUAUAACAUGGUAUGGUCCUAGACGAGCCGC
UUAUUCGCAUCCAAGAAUCGGUGAGUUGUGUUGCGGGUAAAGAAAUGAUACACAACAAUACACCACAAGAGGCGACCUAA
UCUCCUAUGGCAUUGAGCUGCGUUCGGGGCCCGACUUUCGUGUACUCCUAAGUCAGCCGAUAAACCUCACCAGAAUGCGC
GGACUGGAGCAUAGUCCGCCAGAUGCGAUAGGGUG

(CCCC---CC-- - - - D) IEEODD) ) N (G PR R (- - - - (CCCCCC(s - - - - CCCCCCCC. - -
---2)))))))--- - - D))D))D) RERREEE DD )RR CCC (R RN CCCCCC- CCCCCC- CCC- (e
(- - (- CCC----22)-3)- - -3 D) - --3D)) - -2)-2)D) -DD) - - ((C- (- ((C---22)-D))) - -
---32233133)-33232) - (((- (- CCCCCC- - CCCC-C----2--32)-2--2223133)33)--2)I3I))D)) - -
- - (CCCCC- (- - - - - (- - - - CGm- - - - DEED)DD) IDD) EEEEEEEE D)EDIIDIDICE
(. - - - - 2)21)3))--3323)-)0))))- -
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CUUCGAGUGUAAGAUACUACUAAAUAUAUCCUUGAAUCGCCAUCGCUACACCUAGGGUCAGCUCAAGCCAUGCCGCCCGA
ACGGGUUGUGUGUCCAGUAUCUAGGGUGAAAGUACCGAUGCUUGUUACCUAGGGAGUGUCUGUUCUGAAUGCAUGGUACA
AAACCCAUCCUAACAUAGUCGGAGGCUUGUAGGUCUGGAAGGAAUGGUUGUUGAGUUCUUAGGGUUCGACAGUUUACCCC
UUAUCGCUAAAUGUGAUAAGCCGAUACAUCCCUGCACUGGUUUAGCAUUAGUAAUUUUUAGUAAUAUCACACGGGCCUUG
UUGUCUAAAGGCUCUUGUACCUCCCAAGUUUGGCACCCAUGCGAACCCCCGUAAGAUGUAAUGCCAUCACCGAGAAGGCU
UUACCUCGUUGGGCAUACGACGCACACCGACGUGCGUCGG

- - - - (CC- (CC- CCCC- CCCCCCC- - - (- - - - - (G R I)D) - - (CC- CCCCCC- CCC- - CC
U UE U@ CCCC NN ENS)>)) IS5 YR (G 23)---22)-3)))))
5Y))) NIRCCENSHHHN) B MO (O (PN ((((L O S 197)7)) ) 11955 W ¢
(CCCCC(: - - - - 2323322322 ----33--22330)-D00II)))) - - - - - - - - - 232333)-32)) - - - - ((CCCCC-
------- 222I2)---23003) - - - - (CCCC- CC- - - -22DIDD) - (CCC- - - (C- (- CCC-CC--- 23D -DD) -
22))-2)--9))- - - - (CCCCCCC. - - - - - 2D
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AACCCUAGGGUACUCCACGCUAAAUAGAAGAUUCAGAAUAGCGAGAAGGUCUUAUUCUCAGAUACGACCCUGAUAGCUAC
UCGCGUUUAGUUGGGGAAGUUUAUAUUGGUCAACCCGGCUGACUAAACAAGUCCUUUAGAUACAGAGCCAAAUGGCUGAA
CAUUUUUAUUCUGAACUCGCUAAUUCCCCGUAAGGUAUUGUCCAAGUCCAGUAACAUGUUGGUAAUUGGCCCACCAACUG
UGUUAAUUACUCUUUAUCACAAUGUACGAUAGUCCCGUAAUUUCAUAAAUCACUACGAACGGAAGGCCCCACGGUUUUAU
CGUAAUCACUCGCGCACGAGGUAAAUCCCCGGCUUCACGCCGUGACCUCGACUUAUGGGGCCCGAUAAUACUUAGAGAAG
ACUGCGGGGUCGAGAGGCUUCUCUCCAACGGAUUCAACCUCAGUC
SRRl CCN (CCEEPEE (C------ (] (R (- -- - - - II)----- CCCCCCCC- (-«
L (- - - - - - (- - - - - - - I - - - (- - CCCCCC- - - - - CCC----220)- -
--------- I -- I - - (CCCCCCCCC- - CCC - CCCCCCCCCCCC- - - - - - NN D
))))) (R (P DDDD)EEEEDD ) D R R TR 22D - CCCCCCC- CCCC- -
S R (- - - - - - ((((---553))3) $90)))) EEEEE 1NN NN
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GCGGGGGUAAUAUUGGUCCGGAGCUGAACAAGUGAGCAGGUGAGGUAUGGCCGUUCGCUUCCUGUCUCAGCGGGGGGAUG
ACAUAUAAGUAGGUGCAAGUAGAAUAGCACCUGUCUUUAGUUUAGCUUAAGGAGAUCAGACCAAGUUUGUUGCGAUGAGG
UCACUAAUUGUUCGCAACCAUUGGCACUCAUACUCGACAGUGUAGUAGGCCAUGAGACAGUGCACGUUUAAUGCCGAGGU
ACGGGAGUAGGUAAACCGCGUAGGAUAGGGCUCGGGACUAGGCAUAACUUGGUUUCGAGUCAUAGAGCCUUUCAUAACUA
UAUUAGCCAAUCACCUGAUUCCCUGUAUUUCCAUGCAACAAUGACACUUGUCAUUCCAACGCCACCAAUAGGGGAACUGA
CAACGAAGGGGCCGAAAGACCUUAAGGACGCCAACCCACGUACUCGUCGU

(CC- CCCC- - CCCCCCC- - CC- CCCLCCeCClCC-CC-€C----3-332333333)- - -333-232)) - - - (CCC((
(€C--ne---- (R (CCC- (- - - - - G0 2D~ - CCCCCC (CLCLCC
(CC----CCC----332----2322-2333)--230))) - - - - - 22900000000+ - - - (- CC(C
CCCCCCCCCLCC .- -- (@ E (S (e 1252000855555 15 10455 JRPariann
----- DRSS IS0 15200 D) PSS 2RNS) 1555555555555 1988851555 S I S (&
----- (((ERETH D)) BN D)))I)) FTTIrery
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AACUCAUUUAAGGUAACAACUGAUAGCCGGCCGAUUAAUGGUCUAAACUACGCCCUUAUGAUUUACAGUGCACCUGGGGA
ACGGACAAUACUGUAUAAAACAGAUCAACGAUACAGUCCAAUGGGCAAGGCAGAAGUUGAGCGGAGACGGUGUAAGCGGU
UUACGACCGGUAGUGGAAUUCGGUUGCUACGAUCCAACUUGACACUGGCGUCAAUGUAGAUGCAAACAACGCUUAUGAUU
AAUAUGCCUAUACAAACUUUAAUGUAAGGCUCUUCCGCAAAUUUCGUUUCCGUGAAUUGACCCGGCGCUCGGGGGAACCU
GGGUUGCAACAGUUCAACGCGUUUGGCUCAUUACUUGGUGGACUACUCUGAACAGAUCCCUCAUCUUGCGGUCCAUUCGG
UGUGCAAGCGCUAAUUCCCUGCAGUCAACCGGAACGUCGCUCGGUUUAAUGUCAU

------------------------- (C((CCCEREI))) REr R C(C CEE R (CEL ((CEEES ) ) I))))
- - (CC(- - - - CCCC- - - - - MDCCC---32)---233)---332)--2)) - ((- (CCLCCC- CCC-CC- - CC- - - (C
(E (R (A (AR (E((ETrrrr (.- - - - - ))))) EEr ((C((CETFTIpY




----- QIR )0)))) EEEEr TSP EEETEEEEEN € ( (CCCCRERN (((C (TP
223-22)--233322)--222332))-)) - - CCCC- - CCCCCC- - C- - - (C--(C----)--0)--)--900D0) - -))
2)-221)-3)--332333223)-233333))--3)--3233)-II)I)))-)) - -
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AGGGCUCUGAAGACCACAGCGGCCUAGCAGGCAGGUAGAUAACAAGAGGUGAUUGUAUGCUUUAGAGAUAUGUAGUACCU
UCUGAGAUAGACUGACUCCCAAAACUAAGUCAUCCCAUGGGAGCCCCUAGGGGGCAAUGGAGCAGGACUUUAGUAAUACA
GUCCGUUAAAAGCUUGUCUUUGAUAUAGUCAAUGAUGUACCUGGAGUCAACCCAAUGUAAACGCCUCAUGUUUAGUUGAA
GCCAGUUUGUGGUACAUUGCACGUUGACAUAACUAGGUUGCGGGAGACAGGCAAAUAGGCUACUCGUCCAAUUGAUUCCA
AUACGAAUCGAAUACUGUCAAUCUGAUUGGACUCGUUUUUGACCCGGUGCUCCGGGAAAACUAAUACUUAUCUUAACGGA
AGUUUAAGUGCAUUAACAAUUUUGGACUGAAGAUAGCAGGUAACCCCCCGCCCCGCCGGU

N (R (- - - (CCCCCCCCC- CCCCCCCC-- - - - - ((- - CCCCC- - CCCCC-CC----000000) - --D0)))
2i))eeeee GG - (CC----22)(CCCC---32))---232)) - CCC((C-CC----D)-)
D)D) BRI DDD00D)) BEREEEEE CCCCCCCCCCCCCCCLC- - CCC((- - - CCCCC(- - - - - DIIIDE
D)) REREEE III330)----33903)----3I00I0))-)) - - - - - (- ((((((((((((-(((((((--

D020 ) EEE TR (- - - - - CCCCC- - - CCCCC-- - -D0D0900D) - - - (- - - - (- -
57557535 MU 135293555715 15) 159)) I (IS ) 1)) 1965 1
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GACCAUGCGUCAGACAACCUUAAAUUCAAGGACGACACACGAUUUUCGUCGUGUCGAGUCUCCUACUUUCUGCUAUACGU
AGCCCCCCCGUUGACUCCGUCCUCGCAUUCUUAGGAACAAGGUUCGGGAUUGAAGAAAUUAUGGCUAGACUAUGGCCUGU
CAUCGGAGUAAACCACAGUUCCGCAAUAUGAAAUCGGACCCAACAGCUGGCCUGUGCACUGCAGGGUGAAUGUAACGUAA
UGGUCACGGCGGACCGCUCACGACGUAAUCAGCGAUCAUCCGGAGGAUCCUAAUGGGUCUUAAAUCCUUCAGAUCGUCUC
CUUAUUCAUACAGUGUGGCUAACUGACUGGGUAAACCAGCACCCCGGCUCCCGGCCAGAUAACGCCCCAGGGGUAGGAAU
GAUAAGGACGGAUCCGGGACGAGUAGUAGCUGACGCACUUGGCGGUGACUACUCUGCGAUUAUCC

----- CCCCCCCC - - e CCCCCCCCCCCCC- - - 223000000 - - - D)D) - - - - - CCCCCCC- (((C
------ (CCC- - €G- L - Q- - - - - - - - (e - - - - - - - - CCCCC- - - - -3DD)) - - -
D CCRRERE DOIOIIDD) D) REREEEEEEEE L (S (€] (C(CCER ((CCCER (R
(- - - - - - MN)------ ND----- ICCCCCERR (UL CENS))))) IS ) IS S H))) 2
--332233-333333333)-33)--2333)-23)) - - - CCCCCC(- - - - - (((CEEERrEE 555553595535)5)))
)---332333)32)332322-2I00)) - - - - (((C. - .- - - - - )))) FETTrrre
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CCGCUACAGGCGAGAUACAAUGUCCCACAUUCUCCUGGAGAGCCUACCCGCUUCUCGCCCAGUCUCUGGAAGAGCCUAUU
CCGGAAGUCCUAAACCGAUCUUGGCGUUUCUAUCCAGCUCUACGAACAGCAUUAGUGUCACAAGAUGUUCCGAAAAAGUG
GCUGGAUCUUUUCACAGUAGAAGCGAGUAGUCUUGGGCCAUCCUAAUAAGCCGUGGGUUAGGAGAUCACACCCCACGUAG
CGACCUCUUGCGAUAAUGCAGUAUCUGGUUUAGACAUCAUGGGCUUGGCUUACUCGAAGCAAUCUACUUAAUCUGGCGGC
ACGAAAACAGAUGGGCGUUUCCAUCAGCCUCGCCGUUAUUAUACCACCCUGGGUGAAGAGAUCCUCCCGGUAGUUGCUCU
GGGUCGCUAGUCACAGUGCACAACACGAAGUCAUCAUGGUGGCGCGUUAGAGAAAUGGACCGGCUCCGAG

------ (((C (CRTEN (CCREEE ) ) 19D B ( CCCERN (( & (CC( PPN (EFN (((C((((ETF
S((CET T Er ). 2)--33)033))--)) e ((CC(CR (((CET «((
CCCCCCCCLCCCCCC-CCCCC- - CLCCCCCCC- - CC(Ce - - - - (- - - CG-22)----000)) - - -
((CCEEID)) ) R R R MIID)------ 2333-33-22)-00))))------ M- (€CCCC(¢
NSNS WD) ) ) N DDD00)) REEEEE T I - ena - ))
))---.. DN -C. .. ... )))---.. 2)))---3)933))----3333)-2))---II))) - - - -
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CCUUACGUCCUCGUACGUCUUAUUACACGCUGCUGAGUCCCCAAUUAAUGAAGUGAGCUAUUCUAAACGCAGAUCUUAGC
AGCCGCCCUUCUAAGAAUUCCUCGACCAAACAUUAGGCGAGGGGCUUAACGACGAAAGGCGACGAGUGACUGCGCGGACC
AAGUUAUACGUAACGCCCAUAUUCUGCUGGGUAUUCAACGAGAGUAGUCCUUAUGUGAGACGAAAGGCGCGUCCCGAGAC
UAUAUGAAUAUGAGGGCCUUAGACAAUGGCACGGCCCUUCGACUCCGUGAGAGAUCUCUUGGAUUUUGCGUGUUCGCUGA
GCCCAAGGGCUGUACAUAGAUUCUUCAGAGCUAGUGUUCAGCCUGUUUGGAGCAUGCUGUUCCACUCCGAGCGGAAAGUG
GCCCAGCCGUCCAGGGCCUUGACUCGGCAUUCUAUAAUGUUCCACUUCACUCCUCUGGUUCAGCGACGACUGCUC
------ (CCCCCCC- CCCCCC- - - - - - - QL mmmmmm e = (e 222 2DD) e 22 2222 2DDDD))
D)) EEEEEEEE (CCC- - - CCCCCC-CC-- - - - - DI ----- - 22232333)-2)) - - - (- - -
----- U N 5% IR (I (I (& (&)
--------------- (022 NI NN INNNN - - - MMM
(CC- - - CCCCCC- CCCCCC- CCC- - 222332023230 -22D)) - - - (AL - - (CCCCCC----D)--D))
DEID))) FErTTrre ... 1)) MSNae )))))))) BTy DM - I
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CUCACGGGCCGGUGACGGCGGUGUAUGGCUAAGGGAAGCGAACCUGCAGGCGCCUCGAUGUUAGCUUCAGCGUGCAUUCA
GUGCAUUUUCUAAACAGCCGAGCGGACCUCCUGUGAGCUCCCUUGUCUGGUUGUCCACGCCGUCAUACCAUGAUAAAGGA
GUCGCGCUUCGCUAAUUCGCUGAGUUUGCUGCUGGAACUUAGUAUUACACGUAAUUGGUUCUAGGUGUGUUUAUCAACAU
CACAUUCCCAGUUCGGCUAAGCACUUAAUUCGUCCGGCAUGCAGGGCAAGGAAAUAUACCUAUCCUUGGAGUUGGCUGAC
CGUCUACAUAAUUCUGAGAGUAUCGUCAUCCCUGUAAAAACGAAAACUGGAUUCCCUCUGACGAGCUGGUAAACCCGCAA
GUCCCCUCCUUGUCGGAUUAACGUGUUUUCAUCGCCUAGCUGCCGCCAGCAUUAACGACUCCGAACGACCGAUGCCGCUA
------ (CCCCCC- - - CCCCCCCC- - CCC- - COCCC- (O CCCE- - - - - - Qe cecc- - -
D)) R (CC- (CCCCCCC- CCCCCCC- - C--CC- - - - - - 2)--)--2))---(CC((---22)))--2)))
22)-33132-22)----2222)) - (CCCCCCCCCCC- - - - (CC- CCC- - CC- (- - - - - CCCCCCC----22)) -
22)---3300322)--2)--0)) - -+ - - - INNN INN-CCCCCC--- ... DI ---- DI
D)D) R 2222)-33-222--900)) - - - - - (- - - - - - CCCCCCCC--(C-- - - - - G-
D---2)--IIII))))----3)III))-=-I))--I) I - cx---- ((----))----3)))--)))----
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AUAAGAAUGCCACGCUCUAUAGAUGUCUCUUGACAAACGCCUUACUAAGCGACUUUGACACCCCCCGACCAGACGAGAUA
UAAAUAAGGUUAUUCCUUUACAGAUGUCCGUCGAAGCCCUUCCUCUAGAGGACGCCUCCAAUAAAACACCUGGCGCCUCA
UUAGGCCCAUACUGAUACUCUAUUAGGUGUCCUGUAGACCGUAAAAACCUACGGAGAGACAGGGCGAUAGUAAAGGCGCG
UUAUUUGGCUGAACUUCCCAAGUGGGGGUUCGCGUCUAGGACGUCUCUGGCGAAACGAUCACAUGUGGCUGUUCGGAUGA
CUUAUGAUCUGCCGCUCAGCCAUACAUCCUUCUCUAACUCGCUUCCCAUGCGGCCAGAUAUCGUGGUGCGCGGAGUGAUC
GAGAAUACCAGUGCUUAACGAUAGAUUAGUUUGUCACGUCGGGCUGCAUGCGCGCUAGGCCCUCCAACCCGUAUGCGGCC
GUCCA

- (CCC- - (- - - - - - - Q- (G- CCC- - - - CCC- - - - - - - (CC-CCCC-CCrmmmmane e CCCC-CC((
G- (- - - - D)D) EEEEE 22222222 - - - CCCCCCC- (CCC- CCCCCCCCCmm- - - [(ERQ(E
SODMN M- 22222233 -2 (CCCC- - - - - - 2I22)---22-3003)----3)-2)))))) -
------ 1)) MCCCCCCNNS)Y5)55) 1555 155) ) ) M5 Y I ((C(E (L (4
(CEERY IO RN D ENDIIDDD) ) e TR CCCCCC-CCCC-- = MMM -
devrnn-- ))ENES))) BN (((((EXT1))))) FrTrr [((EET(ETH) 195))))))))))))
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CUUGGGAAUUCACGUGGUGAUCAUACCACACAGGGCACUCACUAAGUAUUAUCGCUAGAAGACGCAUGACCCACCUGCAG
GCGCGUGUCGGAAGUCUGUAGCGUCAACUUUUGGCGCUGUCGUCGUCUAAGGACGUAGGAGUGACUCUUCACAGGUGCUU
CCCUCAUACGUUGGCUGUGAUCCUCCGAACAACUCCUGCGCUAUGACUUAUUACUUGCCUAUGACUUACCCUCCAUCGGA
UGGCUAUCGCGGACGUGAGCUCUAACAUACAUUUGUAAUGACACCAAGGCGACUGACGCGCUUUCAGCGGAUAUGUAUGC
CUCCGGGUCGCCGUGGGAAAAAUUACUAACAGAUACAUUCUCUAAUUCCAGAUUUAUGCGGAGUUCGAUCCGCGAUGCUG
GGUAAUUUCAACUUGUUUCGCCGGUUAAAUAGGACCCAAAGAUCGCAACACAGUGAGUGCGGAUGGGUUGGUAAGGGCAA
ACUCGCAUUU

- - - (CCCC- - Q- - - 2223 - - (- (- - - - - - - - (- - CCC-Ca- - - - - NN -(
(CCC--C-C----)-0----2)320--0000)00)) - - - - - - - (CCC----332030030033-233) - - - - - - 2D
22 (CCCCCCC-CC-- - CC-CC----22-3)---3)-2D-DD)))- - - - - - - - CCCCCC- - - CCC- (- - - - - -
- (CC- (L - (- - CCCC- CLCC- €L - - - (- - - (- - - - - M)----- G---)
----- ID)DID)) EEEEERITSERIE CCCRRRED)) EEED D) B0 DD R0 DDD 29D DD DD 290202 20D D1¢
(G- G- CCCC-C----23-0000000) - =000 - - - - - - --- 333)----333-3333-33)--3330))
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UAUUGACUACCGGCGGUGUACUUCCUUGGCAUAUGUUCUGCAGAAACUGACGGGAUAUACCAAAAUUCGUGUACUGUCAU
GGGAUUACCCAGAAAAAGCAGGACGACCGUUCCUCAGUGUGUACGGGGCCGCCAUUCCUUCCCAGCCCAAGUCCUAACCC
ACGAUUCUAGAGGCUCAGGAAGGAAAGAGAUCGCUACAAGUUGAGUUGACUUAGGUCACGUAGGAGUGGUUUGGAGAACG
AGUUCAACCAAUAUCAGCGUUAGCCAAGGGAAGGGGCAACGUCACAGUCCAGGCCUCGCGGUCCAUGAACGAACACAGGA
GAUUAGACGUGAUUAUGAGAAAGAUCCUUGCUACUCUAAGAGAGCUCCCUACGCCGAAGGCUAGUUGUCGUGCUUGGUUC
CAACGACAGAUUCGGUAACCGGACUUCUUCUAAACACUGGUCACCCAAUGCUCCUAUUGCCAGACGUGGACUUUGUGAUA
ACUCUACCAGGCGCG
- CCCC- - - CCCC- (- (- - - - (- - - - - - - (CCC(- - CCCCC- - - - - - - - 222133033 -C
[CCEN ) I MMM L G- -G - €= OO (O (=220
------ BB H155352520 D D5 1))2) 1)) ) IS FNEN ) I ¢ S ( (L (i
-3233333)---33-33)---3333)-33)3)--33>-3))) - -3))) - - - CCCCCCCCCCCCCCC-- - - - - - - («
e U (@) e (- - - - - - CCCCCCC-- - CC- - - -
))))))))))gg)))) =-33)-2--333)---32-2000))) - - - - - - ))DD) EEERERERE 2323333)--33))--
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