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nucleotide

1IM7

Figure S1: The 1M7-nucleotide bound conformation, built based on two similar ligands in the PDB database (PubChem CID
12076 and 66345). The effective ligand radius is measured using the Van der Waals surface shown in the figure.
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Table S1: Parameter optimization using the leave-one-out approach. Ey; and b are in kcal/mol, Sy is in A, and a is
dimensionless.

Value of @ Value of b Value of E,;  Value of S Training set Optimal total correlation

0.03 -0.80 -0.20 16 without 3DIG 7.53
0.03 -0.45 -0.20 17 without 1Y26 7.29
0.03 -0.40 -0.25 16 without 2GDI 7.26
0.03 -0.50 -0.25 14 without 3IWN 7.48
0.03 -0.48 -0.28 14 without INBS 7.61
0.03 -0.60 -0.25 15 without 4KQY 7.45
0.03 -0.55 -0.25 15 without 2L8H 7.20
0.03 -0.33 -0.25 22 without 2L1V 7.46
0.03 -0.50 -0.20 15 without 3PDR 7.58
0.03 -0.45 -0.25 14 without 1VTQ 7.48
0.03 -0.48 -0.25 16 without IEHZ 7.42
0.03 -0.43 -0.25 12 without IAUD 7.31

Table S2: Experimental conditions of the SHAPE chemical probing for twelve RNAs.

Source name PDBid Reagent Solution conditions Ref.

Lysine riboswitch, T. maritime 3DIG 1M7 100mM HEPES, 100mM NacCl, 10mM MgCl,, 310K [2]

adenine riboswitch 1Y26 1M7 50 mM HEPES, 200mM KOAc, 3mM MgCls, 298K [1]

TPP riboswitch, E. coli 2GDI 1M7 100mM HEPES, 100mM NaCl, 10mM MgCls, 310K [2]
[

cyclic-di-GMP riboswitch, V. cholerae ~ 3TWN 1IM7 50mM HEPES, 200mM KoAc, 3mM MgCls, 310K
SAM I riboswitch, T. tengcongensis 4KQY 1M7 100mM HEPES, 100mM NaCl, 10mM MgCls, 310K [2]

RNaseP specificity domain INBS 1M7 50 mM HEPES, 200 mM KOAc, 3 mM MgCl,, 298K [1]
TAR RNA from HIV-1 2L8H 1M7 50 mM HEPES, 50 mM KCl, 298K [3]
Pre-Q1 riboswitch 2L1V 1M7 100 mM HEPES, 100 mM NaCl, 10 mM MgCl, 310K [2]
M-Box riboswitch 3PDR 1M7 100 mM HEPES, 100 mM NaCl, 10 mM MgCl, 310K [2]
tRNAasp 1VTQ 1M7 100 mM HEPES, 100 mM NaCl, 10 mM MgCl, 310K  [2]
tRNAphe 1EHZ 1M7 100 mM HEPES, 100 mM NaCl, 10 mM MgCl, 310K [4]
U1A protein binding site RNA 1AUD 1M7 50 mM HEPES, 50 mM KCI, 298K [3]
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Table S3: Sequences, native 2D, and non-native 2D structures.

PDB id | Label Structure

1AUD Sequence GGCAGAGUCCUUCGGGACAUUGCACCUGCC

Native (CCCCCC0Caeea)))) eeeeen )))))

Non-native 1 (CCCa CCCCaaa))))Y )Y e

Non-native 2 ...... (C(( ..)))) (( ).

Non-native 3 (((( (. ((((eeea)) vunn.n. )).)))))

Non-native 4 ( ( (( (. ((. (CCoee))) ) ))

Non-native 5 ( (. (CC( )))) ) e

1EHZ Sequence GCGGAUUUAGCUCAGUUGGGAGAGCGCCAGACUGAAGAUCUGGAGGUCCUGUGUUCGAUC
CACAGAAUUCGCACCA

Native OO O O O O P O O O (S )))) (e enn. )))) e ... (CCCCaeeenn
)))))NIIN))) ...

Non-native 1~ ( ((((...... (CCCCCa(Cewnann )).)))))) O O O P O G O (PPN ))))
))))a)))) ).

Non-native 2 ( ( ( (((( (.. ((( 0 I T G O G G O G (P ))))..))))))
<)) )) .

Non-native 3 ( (((((CC (oo (CCCCCo(Cannnnn )Y ) O (0O (oen e ).)))))))

))))))))

Non-native 4 ( (((((( (... .. O O G O O G G G G G O O (P )))) ) ))))) L))
)2))))))))))

Non-native 5 ((((((((. (CC(.nnnnn.. )))) O G O O O P O G O )).)))))) )

D)) ...

INBS Sequence GCGAGCCUAGCGAAGUCAUAAGCUAGGGCAGUCUUUAGAGGCUGACGGCAGGAAAAAAGC
CUACGUCUUCGGAUAUGGCUGAGUAUCCUUGAAAGUGCCACAGUGACGAAGUCUCACUAG
AAAUGGUGAGAGUGGAACGCGGUAAACCCCUCGC

Native O O G G O O G O G G ))))) ) (e ))))) O G O O O O G AP G O
(vee ((Ceev))) ) ))) )))))) ... O O G S OO

)INI))))) e ))).)))))))))

Non-native 1~ ( (((CCCCC((anvnonan.. )))) ) ) 0l )))))) O G O O O (PR G O

( (CCeve)))e))))eeen )))) el (A« (.. (( OO
)))))))) L)) e)) ) )))ea)) ) ) )))

Non-native 2 ( (((((CC(((annnanan.. )))) ) ) (| )))))) (GG (0. (((

( ((( ))))))) e ))) e e (((Cewvveeeonn (O
)))))))))))) )))) el )))))

Non-native 3 ((((((CCCC((aovnenon.. )))))) - 0| )))))) (CCCCCCe oo 0L
( (CCeve)))e))))een ))) el )))) (CCovnnn OO
)Y ) e ))) e )))))

Non-native 4 ( ((( (.. O O G O O G O (P (CCCCCCeaa ) ) )) o OO0 e (0L
( (CCeee)))e))))eeen ))) et )))) ))))) e

)II))))) el )) ) (( <)) )))))

Non-native 5 ( (((((CC(((annnanan.. )))))) (e (e n e O G O P O O O O G O (PO (((

( (CCeee)))e))))eeee ))) el )))))))) el OO
)IIIN))) ) )) ) ) e )))))
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Table S4: Sequences, native 2D, and non-native 2D structures.

PDB id | Label Structure
IVTQ | Sequence UCCGUGAUAGUUUAAUGGUCAGAAUGGGCGCUUGUCGCGUGCCAGAUCGGGGUUCAAUUCCC
CGUCGCGGAGCCA
Native O O G O O G O O O (P )))) (OO0 D110 10 10 RO O O O (PP )))
)))))))))
Non-native 1~ ( (((((((........ (A« (CCCCCCa o )))) ) ) )) (et ))))
))))))))
Non-native 2 ( (((((((....... (C((eeee... (e, )))))))) ((((eunn.. ))))
))))))))
Non-native 3 ((((((((....... (C(( (CCCCaeannn ))))))))) (CCCaeennn ))))
)))))))) ...
Non-native 4 ( ( ( ( ( ( ( (. ((( (CCCe e (CCCannnn ))))))))))) (et ))))
))))))))
Non-native 5 ((((((( (e, )))) el (CCCCeeeeann I ) (e (e ))))
))).))))
1Y26 Sequence CGCUUCAUAUAAUCCUAAUGAUAUGGUUUGGGAGUUUCUACCAAGAGCCUUAAACUCUUGAU
UAUGAAGUG
Native (CCCCCCCCa e 000 Caenan (L)) e ins (CCCCCIT e ))))))
)))))))))
Non-native I (( ((( (0 (e e e e enneeeeeennnnn (C(( )))) (OO (e eennn. ))))))
)))))))))
Non-native 2 ( ( ( ( ( ( ((( O ) T O G O G G O O O O (PP )) ))))))))))
)))))))))
Non-native 3 ((( ((((( (.. (((.nnnn ))) O O G O G G O O O (PP )INIIIININ)) e
)))))))))
Non-native 4 ( (((((CCC(. . (CCovnonann. (CCC. . (L ))))))) (e )))-)))
)))))))))
Non-native 5 ( ((((((C((ee (((euuueneneenn. O O O O (G )))) e )) ) e )))
)))))))))
2GDI Sequence GACUCGGGGUGCCCUUCUGCGUGAAGGCUGAGAAAUACCCGUAUCACCUGAUCUGGAUAAUG
CCAGCGUAGGGAAGUUC
Native (CCCCCCCCC O (e )IN))) el ))))) (A« (CCCa v
)))).2)))) ) )))
Non-native I~ ( (.. ((( (oo (CCo (((uaunn )II))) e )))) e ) ) e (e e e nn
))))a)))) e
Non-native 2 O O O Y (P O IIIIII))) ) e e O P O O S O O O (PP
)))) ) ) ) el
Non-native 3 ( (.. ((((..... ((Cow((awunn. )) ))) e )))) e )) e e (e e ann
)))) e ))) ) el
Non-native 4  ( (( (.. (CCCCoCCC((annnn ))))) e ))))) e (CCCe o 000 (e eanns
)))))))).))))
Non-native 5 .. (((((..... O )IIN)N))) ) ... (CCa. ((( ) I
)))) ))) oo
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Table S5: Sequences, native 2D, and non-native 2D structures.

PDB id | Label Structure
2L1V Sequence AGAGGUUCUAGUUAUACCCUCUAUAAAAAACUAA
Native (CCCCew e llLeennn. )))) ) e 111
Non-native 1 (((( (oo veeneenn. Y))) ) e e e e
Non-native 2 ( ( (( (... (( ) ) e) ) ) ) ) e e e e e e e e
Non-native 3 <000 (CCCCa e n e )))))-)))) .
Non-native 4  (((( (.o eeeneon.. )))) ) (et ))
Non-native 5 ........ GO GO G O S )))))
3DIG Sequence GGCCGACGGAGGCGCGCCCGAGAUGAGUAGGCUGUCCCAUCAGGGGAGGAAUCGGGGACG
GCUGAAAGGCGAGGGCGCCGAAGGGUGCAGAGUUCCUCCCGCUCUGCAUGCCUGGGGGUA
UGGGGAAUACCCAUACCACUGUCACGGAGGUCUCUCCGUGGAGAGCCGUCGGUC
Native O O G O G G G P G o (O G O G G O (P O O O G O O O O QPP I P )))))
))))) 1)) - CCCCCCCCCCCC-TTI1T1))))))))) ))) (O«
(CCCCCa22))))))))))) e e( D)) ))))
Non-native 1~ ( ((((CCCC. CCCCC. (CCCa e O O O O O G O G (P (Ceeennn ))-))))))
))) e )) ) ))) L OO0 (e e 1)) ) ) )) e (A
(CCCeaenn )))))))) - OO0 ))))))))))-))))))))
Non-native 2 (((((CCCC. CCCo o (CCCawanenaann O O O O O G O G (PP (Cevennn ))-))))))
))) e (OO )))) e ) ))) (e ))))))) -))) - (OO
(CCCeaenn )))))))) ) - OO )I))))) o)) ))))
Non-native 3 ( ((((CCCC. (CCC (Caa ((Ceeennn O O O O O O O G (PP ((ovenn )).))))))
))) e OO Cea e ))))) e ))))))))) ) ) ) ) - (OO0
(CCCeennn )))))))) L)) OO D)) e ))
Non-native 4 ( ((((CCCCC. COCC (Ca o COCa o CCC o (OO0 (Cevennn ))-))))))
))) . (CCeeea CCCCCa 2D ))) ) ))) ) ) ))) ) . (0L
(CCCe . enn )))))))) ) OO I))))) ) ))))
Non-native 5 (((((CCCCCCCC CCCCCCawananaann O O O O O O O G (PP (Covennn ))-))))))
))) . [ D)) a))))) el AV ID 10 B0 S G O G O (P e
(CCCa .. )))))))) 2 )) OO eaa)))))))))))))))))))
3IWN | Sequence CACGCACAGGGCAAACCAUUCGAAAGAGUGGGACGCAAAGCCUCCGGCCUAAACGGCAUU
GCACUCCGCCGUAGGUAGCGGGGUUACCGAUGG
Native (CCCeaenen CCCCCCCCCCCeaa )N ) ee e COCa COCCCCC (e (O
------- ))))))))) - ))))) ) a)) ).
Non-native 1 (O COCCe e COCCCCeaa))))) ) eea)) o COCC. 0O 000
....... ))))))))) L)) ) ) ) ) ).
Non-native 2 ((((...... (Coe e COCCCCaa e ))))) ) ee ) ) e L. et (e
....... ))))NN))) L)) )Y a)) ) ).
Non-native 3 O P )) e CCCCCCa e )))))) e (e COCC OO0 (0
------- )N ))))))) L)) ..
Non-native4 ......... ((( (CCCCCaea )Y O O P O (SN ))) .))
)) e ))) e (OO )))))) e e
Non-native 5 . ... ((..((..... EEEE II)) ) ) e (e (((ee e e ))) .))
)) - OO0t )))))) o)) ).
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Table S6: Sequences, native 2D, and non-native 2D structures.

PDB id | Label Structure
2L.8H Sequence GGCAGAUCUGAGCCUGGGAGCUCUcCUGCC
Native (COCCCe e C0CCe e ))))))))))
Non-native 1~ ( (((( (... (((.((..2)))))))))))
Non-native 2 ( ((((((((....... ))) ))))))
Non-native 3 ( ( (((((((...... ))) e e ))))))
Non-native 4 ( ( ( ( ( ((((( )))) e ))))))
Non-native 5 ( (((( (. ((eeuunnn.. )) ))))))
3PDR Sequence CUUCGUUAGGUGAGGCUCCUGUAUGGAGAUACGCUGCUGCCCAAAAAUGUCCAAAGACGC
CAAUGGGUCAACAGAAAUCAUCGACAUAAGGUGAUUUUUAAUGCAGCUGGAUGCUUGUCC
UAUGCCAUACAGUGCUAAAGCUCUACGAUUGAAG
Native (CCCCCe e COCaa CCCaa e O G O O P G G O O (P O GO )))) .
))))) ... O O O O O O O O PP ))))))))) ) IDID R G (PUPENEPE ))
<)) a))) )))..)) ))))
Non-native 1 O G G G G e G G G O (G O O QPP CCCCC 0000 Ce e CCCCeaa))))
))))) .. O O O O O G O O (PP )))))))))) 1)) ) ) - (O« ))))
<)Y e ))) ) ) ) ) e
Non-native 2 COCCe e (e e COCaa O eaaann O (C(.(
( D0 0 20 B O G G G G O O O O (PP )))))))))) ))) ) ) - (A« ))))
)N ))) ) ) ) e
Non-native 3 COCCa e (O e e (e ann O (CCCC (e aaann
)))) ) (e )))))))))) ))) ) ) (A« ))))
)))))))) L)) ))) ) ) ) e
Non-native 4 ( ((((..... ))))) O O O O O O O (PP CCCCC 0000 Ce e CCCCeaa))))
)0 I I S O G G (o G G O QPP )))))))))) 1)) ) ) - (O« ))))
<)) ) ) (| )1
Non-native 5 ( (( (. ... ((( (CCCaoann )))) CCCCC 000 Ce e CCCCaaa))))
))))) (CCCCCCC0eeennnn )))))))))) ))))) (L« ))))
D)) e (e ((ee e )Y )Y e ))))
4KQY | Sequence UUCUUAUCAAGAGAAGCAGAGGGACUGGCCCGACGAAGCUUCAGCAACCGGUGUAAUGGC
GAAAGCCAUGACCAAGGUGCUAAAUCCAGCAAGCUCGAACAGCUUGGAAGAUAAGAA
Native (CCCCCCCaeannn (CCoaa CCCTIID )Y e een D)) G OO0 e 00
)))))))) ) a))) S I T O G O O QPP ))))) . .a))))))))
Non-native 1 (Ceeecc. (CCCCa e (e ))) et ))))) O CCa e o 0 00K
D)))))) ) ))) e O O O O G (PP )))))) o)) ))) ).
Non-native 2 (eeeecc. (CCCCa o (e ))) et ))))) O CCe e o 0 00K
2))))) ) )0 0 I S G (o (o G (N (O (P )))))))) ) ) ).
Non-native 3 O O P (CCe e (e e ann ((ena.)) ((CCowa CCCCC
D)) ) a))))aa))) O G O O G PP ))))))))))) ) ).
Non-native 4 O O O O O G QPP O O O P O O (PP )) ) e (O COCCa COCCe CCaa e (0 000
2))))) L)) )IN))) e ))))))) )))) o)) )))) .
Non-native 5 (CCCC e e (CCe e (((eewennn. ))) e (OO (e e e CCa (L
))))) L)) )))))) ))) (CCCCCeaann )))))) )))))))
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Figure S2: Comparison between the predicted (black) and the experimental (red) SHAPE profiles.
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Figure S3: Comparison between the nucleotide RMSD (black) and the experimental SHAPE (red) profiles.
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Figure S4: Comparison of INF and correlation for the first six cases. Near-native structures from all-atom MD sampling are red;
native 2D, non-native 3D structures from CG sampling are black; non-native 2D, non-native 3D structures from CG sampling
are magenta.
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Figure S5: Comparison of INF and correlation for the last six cases. Near-native structures from all-atom MD sampling are red;
native 2D, non-native 3D structures from CG sampling are black; non-native 2D, non-native 3D structures from CG sampling
are magenta.
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