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2D. Single
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2D. How it worked

“Train” dataset:
274 non-redundant RNA
sequences from PDB

Test dataset:

247 non-redundant RNA
sequences from PDB, all
< 80% similarity from
train data

SRUARNA 321% | SQUARNAtops 87.0%
IterativeHFold 81.3% |
RNAsubopt-top5 84.0%
HotKnots* 80.2% 1 e ]
IPknot 80.0% ] HFold-top5 84.0%
CONTRAfold 79.7%
IterativeHFold-top5 83.9% |
Knotty* 79.6% =i
EternaFold 79.3% ] CParty-top5 83.5% B
RNAfold 78.7% |
ShapeKnots-top5 83.4% j
ShapeKnots 78.2% =
0.7 0.8 0.9 I
Fold 77.9% F-score
CentroidFold(g=6) 77.7% =
ProbKnot 77.1% 55il
CParty —74.3% |
CentroidFold 73.3% |
HFold 72.3% =
0.7 0.8 0.9 1.0

F-score

0



2D. Under the hood

@
(o)
SQUARNA 82.1% SQUARNA-top5 87.0%
SQUARNA-Hungarian : 82.1% SQUARNA-Greedy-top5 - 84.9%
\_ \__—
/
SQUARNA-Edmonds - 82.0% ]
T— SQUARNA-Hungarian-top2 - 83.8%
L — \__
SQUARNA-Greedy - 80.4% L
L —————
SQUARNA-Edmonds-top2 - 83.8%
f
. \_
SQUARNA-Nussinov - 80.4%
f
SQUARNA-noBPPs-top5 - 83.7%
SQUARNA-noBPPs ~75.8% ] e
e —————=——
SQUARNA-Greedy-noBPPs T 74.3% j SQUARNA-Greedy-noBPPs-top5 - 81.8%
—_
SQUARNA-Nussinov-noBPPs - 72.1% ] SQUARNA-Edmonds-noBPPs-top2 ~ 67.0% ]
SQUARNA-Edmonds-noBPPs ~67.0% |
SQUARNA-Hungarian-noBPPs-top2 66.3% |
SQUARNA-Hungarian-noBPPs - 66.2% | 0.6 0.7 0.8 0.9 1.6

0.6

0.7 0.8 0.9 1.0
F-score

F-score



L
2D. Example: S15 leader sequence °X:X°

CUGGGAUCGCUGAAUUAGAGAUCGGCGUCCUUUCAUUCUAUAUACUUUGGAGUUUUAAAAUGUCUCUAAGUACU

ou
WSt Uy, —_— €26 gy el 3
A—u U-a — WU,y u
6-C C—G 5 G —C c L
G —C— Ay | g_c—* A bGP
CUGOo°UUUCAUUCUAUAU-ACU CUG S(UUUCAUUCUAUAU @—A
s 3 s ¢ %

v p 0
w %

Hairpin I Hairpin II Pseudoknot

Bénard et al., 1996,
10.1016/50300-9084(96)80003-4




2D. Independent benchmark ofsde

Journal of Chemical Information and Modeling > Vol 66/Issue7 > Article LI = P
Cite Share Jumpto Expand

PHARMACEUTICAL MODELING | March 25,2026

Exploring Secondary Structure Predictions for RNA-Targeted Drug Discovery: Power
and Challenges

Zhengyue Zhang*, Gaia Dolcetti, Christian Tyrchan, Leonardo De Maria, Giovanni Bussi, and Werngard Czechtizky
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2D. And then we cheat ;)

o
Common CASP/RNA-Puzzles strategy:
- L
P
PROTEIN DATA BANK
S Rfam ~%
e,
UUAGGCGGCCACAGC {? )
GGUGGGGUUGCCUCC |, Ny s/g¥@%
CGUACCCAUCCCGAA X no hits £ ’\%
CACGGAAGAUAAGCC A W
CACCAGCGUUCCGGG ?jféagph
GAGUACUGGAGUGCG / = X
CGAGCCUCUGGGAAA RNAfold, —5 w@”
CCCGGUUCGCCGCCA SPOT-RNA, oo
ce etc.
SQUARNA + Infernal(cmscan)
~$ squarna s=GGGCGGCUAGCUCGCCUCACACGCGACAGGUCGUAGGUUCAAGUCCUACGCCGCCCACCAGCGCGAAAGCGC rfam
Running Rfam search...: tRNA(1-57)
>inputseq
GGGCGGCUAGCUCGCCUCACACGCGACAGGUCGUAGGUUCAAGUCCUACGCCGCCCACCAGCGCGAAAGCGC
CCCCCCCe e e (e ). CCCCCanannnn NI e eeeeeeeeaeann restraints(tRNA(1-57))

(CCCCCCa e e COCCa e eens 1)) e (CCCCaeannnn 1)) (. 00))))#

10



2D. And then we cheat and beat Al :) oJode

@
SQUARNA+Rfam 88.0%| SQUARNA+Rfam-top5 Q:
SQUARNA - 821% | P Ne—
SQUARNA-top5 T 87.0%
. L
IterativeHFold : 81.3% |

RibonanzaNet-SS

MXfold2

SPOT-RNA

eFold

UFold*

I R

J 87.9%

_\

[

83.2%

—

—_—

81.2%

B

81.0%

71.7% |

11



2D. More features

T3

G-quadruplex patterns

LaRNAI Platform  About Help Standalone

Protein-binding motifs

Example 1 Example 2

Web server

RNA sequence: (?

https://larnal.imol.institute/

Contact -XE!- [T Baulin Lab

Example 3 Example 4 Example 5 + Reactivities

+ Restraints

+ Reference

GGGGGCCACAGCAGAAGCGUUCACGUCGCAGCCCCUGUCAGCCAUUGCACUCCGGCUGCGAAUUCUGCU

seq = "GCGCCAUGGGCCAUUGGGUGGGAUCUGGGAUGGCGC"

SQUARNA.Predict(inputseq = seq, g4 = True)

+ Alignment

+ Parameters

(G4(+):

>inputseq

....... I S = = restraints

(CCCUCETE: s AL 1)) ) ) top-1 consensus

(COCCC (... +Ht L 4H)) ) ) #1 103.254 206.508 0.5

seq = "GCGCCAUAAAUUGCACAAGGAGAAAUGCAUGAAUGUACAUAAAACUAACAAGAAACACAAAUGGCGC"
SQUARNA.Predict(inputseq = seq, rbp = True)

>inputseq

GCGCCAUAAAUUGCACAAGGAGAAAUGCAUGAAUGUACAUAAAACUAACAAGAAACACAAAUGGCGC

......... B e o R o R e T e o o o o T U T R (€8 ) restraints(U:
LIN28(19-23),RBF0X1/2(26-31),PUM(34-41),SF1/QKI(44-49),Fab(52-58))

(CCCCOC. a2 .0 ) ) ) ) ) ) top-1 consen

Running Rfan search...: Telomerase-vert(1-29)
GGGCUGUUUUUCUCGCUGACUULCAGCCCAACACARAAARAGUCAGE
# +

reactivities
~... restraints(Telonerase-vert(1-29))

..... W 210
......... M 20

With

RFviewdS
by Danny
Incarnato



https://larnal.imol.institute/

3D. How to benchmark SQUARNA in CASP17?

T3

13



L
3D. “Dimensionality expansion” °X:!'

2D -> pairwise distances -> 3D

pairwise distances NxN 3D coordinates Nx3

GGAGCGGUAGUUCAGUCGGUUAGAAUBACCUGCCUGUCACGCAGGGGGUCGCGGGUUCGAGUCCCGUCCGUUCCGCCA

(CCCCCC . COCCe e ))))B(CC(C....... ))))) .. (CCCCnennn )))))))))))) -
GGAGCGGUAGUUCAGUCGGUUAGHEMUACCUGCCUGUCACGCAGGGGGUCGCGGGUUCGAGUCCCGUCCGUUCCGCCA

(CCCCCC. . I0CCC . oonne ) (CCCCa .o ))))) ... (CCCCoennn )))))))))))) -
GGAGCGGUAGUUCAGUCGGUUAGAAUACCUGCCUGUCACGCAGGGBBUCGCGGGUUCGAGUCCCGUCCGUUCCGCCA

CCCCCCC - COCC e )))) - (CCCCa e ))))) e (CCCC e ). 14



3D. How it worked: tRNA

MDS MDS
result result
with the D-loop/T-loop
lone pair

Ground
truth

15



3D. How it worked: Twister ribozyme 4RGE

Lﬁﬁey're the same) piure.

Single-stranded Paranemic Crossover RNA Triangle
8BTZ

result

UUUUUAAUGAAGCCACAGG&CCUGUGAGGGUCCUAAGCCCCUAAUUCAGAAGGGAAA 16
G (OO ) T2 20)) -0 )N) - 111.)).



L
3D. R3FOLD, coming soon... °I:X'

R3FOLD = SQUARNA + MDS + user restraints + three template search strategies

LaRNAI Platform  About Help Standalone Contact -XEX-IMol N Baulin Lab

Example 1 Example 2 Example 3 Example 4 Example 5 + Reactivities

Tertiary structure
RNA sequence: ?

Q a o & ©
GGGGGCCACAGCAGAAGCGUUCACGUCGCAGCCCCUGUCAGCCAUUGCACUCCGGCUGCGAAUUCUGCU ®
Q
aC A g =y
v s =
< v
c v 3
< s
s 3
» A
A X
c=e
A
c—s
uée
i—s
= cc—s5
Predict RNA 2D Structure (SQUARNA) ves
c—¢
A—u
: » AU CAGUCCUGUAGGCAG
Predict RNA 3D Structure (R3FOLD)
Selected Residues 5, 42 x
9CFN - chain A @ Backbone Base Pairs 44 v Nested only List
.~
Layered dot-bracket notation (Leontis-Westhof base pairs)
Greyed-out Jdden i the current 2 view (via “Nested only* of the base-pair family fters)

nymm

with R2DT+Mol* viz by
Anton Petrov 17




3D. One of the R3FOLD search strategies: cmscan

Query: seq [L=43]
Hit scores:
rank E-value score bias modelname start end mdl trunc gc description
(1) ! 2.7e-06 333 0.0 8HBA © y | 43 + Cm 5' 0.49 -
(2) ! 5.4e-05 30.7 0.0 8I3Z 0 1 43 + cm 3' 0.49 -
(3) ! 0.0012 25.2 0.0 8GXB 0 1 43 + cm 3' 8.49 -
Hit alignments:
>> 8HBA ©
rank E-value score bias mdl mdl from mdl to seq from seq to acc
(1) ! 2.7e-06 33.3 0.0 cm 2 50 ~] 1
NC
~~~~~ D e e e D> > i o
8HBA ® 1 <[1]*GCGGCGUUGCGUCCGAA*[8]*CGGCCGCUUAAAAACAAAAGGAGA 50
G: GCGUUGC UCCGA CGGC :CUUAAAAACAA AGGAGA

seq 1 <[0]*GGUGCGUUGCUUCCGAU*[2]*CGGCACCUUAAAAACAAUAGGAGA 43

FRRRERRRXXXR%%XQ[5 § kkkkkkkkkkkkkkikkkixxxxx pp

Match #1
GGUGCGUUGCUUCCGAUGACGGCACCUUAAAAACAAUAGGAGa
R e

nrlist426435/8HBA.cif
CGCGGCGUUGCGUCCGAAAGUCGACACGGCCGCUUAAAAACAAAAGGAGac

- BRR BB - - - - - - - - HERHR R R RS BB R RSB -

18



L
Summa ry z:x

SQUARNA is cool and all, try in Python/CLI with pip install SQUARNA
or larnal.imol.institute

MWM framework has P time algorithms, but we need better scoring
matrices

R3FOLD to be released in late 2026 / early 2027
o 2D -> 3D transform for following simulations

o automated template search
o user-defined restraints
m multiple full/partial templates
m alignment-based / mapping-based (for permutations) 19


https://larnal.imol.institute
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