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Quadruplexes form in G-rich regions of genomes,

including human telomeres and promoters

Involved in regulation of gene expression,

replication, genome stability

Their presence or absence is linked to cancers

and neurodegenerative diseases

Potential therapeutic targets — and stabilized by

small-molecule ligands

Quadruplexes
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A four-stranded structural motif of DNA,

RNA, and analogs

Built from four G-tracts connected by three

loops

At least the canonical ones...

Found across many species, including

humans

What is a quadruplex?
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A tetrad = 4 nucleotides whose bases interact pairwise

Usually guanines via cis Watson-Crick / Hoogsteen

edges

The tetrad is (approximately) planar and often

stabilized by a central ion

Neighbouring tetrads stack on top of each other

A quadruplex = 2+ stacked tetrads

Tetrads
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The linker sequences connecting G-tracts are loops

Three loop types by geometry:

lateral — connects adjacent strands on one side

diagonal — crosses the structure

propeller — connects strands on opposite sides

(loop strands run parallel)

Loop arrangement is one basis for classification

Loops
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Strand directionality
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V-Loop: First tetrad is

sandwiched between two

others

Snapback: a terminal

nucleotide is not part of a

tract

Two-block: simultaneous

right-handed and left-

handed components

Cases that break the schemes
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The PDB holds ~14k experimentally solved

nucleic acid 3D structures

Nothing in the metadata indicates whether a

structure contains a quadruplex

The challenge: finding quadruplexes in PDB
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ElTetrado — CLI: find & classify quadruplexes from 3D coordinates

https://github.com/RNApolis/eltetrado/

DrawTetrado — CLI: automatic layer-diagram layouts

https://github.com/RNApolis/drawtetrado/

ONQUADRO — database of all known 3D quadruplex structures

https://onquadro.cs.put.poznan.pl/

WebTetrado — web app to analyze your own structures

https://webtetrado.cs.put.poznan.pl/

The complete suite so far
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So far we have 3D → analysis: given

coordinates, find quadruplexes

The natural next question is the

inverse:

Given a sequence, can it fold into a

quadruplex we already know?

This motivates a template-based

approach

We have a rich library of templates:

ONQUADRO

We want to align an input sequence

against these templates in

quadruplex-native way

Useful for sequence screening,

annotation, and as input to 3D

modeling (not necessarily template-

based!)

This is what ONQUADRO-aligner

does

The inverse problem
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Input: a nucleic acid sequence

Templates: all unique single-chain G-

only quadruplex patterns extracted

from the ElTetrado corpus

For each template, enumerate G-

combinations, generate a candidate,

and score it

Report the best template and fit the

input sequence into it

Three scored components per

candidate:

1. Tract distance — are required tracts

present where expected?

2. Linker distance — how different

sequentially are the loops?

3. How viable are the loops according

to the literature knowledge?

ONQUADRO-aligner: the idea
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1. Nucleic acid type — DNA / RNA / Other

2. QRS — a vector marking which G positions form tetrads e.g. 

3. Linker sequences — the loop strings, e.g. 

Quadruplex description model
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GGTTGGTGTGGTTGG
qr..rq...qr..rq

QRS: 

Linkers: 

QRS length is always 

Linkers length is always 

An  in Linkers vector on positions other than the first and last

represents no bulge. It is extremely important to preserve as it

cannot be easily compensated.

Example: 148D
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1. Input sequence: AGGTGGTTTGGTTGGGA

2. Indices of Gs: 

3. 9 Gs  2 tetrads  need 8 Gs

4. Enumerate  combinations:

[(2, 3, 5, 6, 10, 11, 14, 15),
 (2, 3, 5, 6, 10, 11, 14, 16),
 (2, 3, 5, 6, 10, 11, 15, 16),
 (2, 3, 5, 6, 10, 14, 15, 16),
 (2, 3, 5, 6, 11, 14, 15, 16),
 (2, 3, 4, 10, 11, 14, 15, 16),
 (2, 3, 5, 10, 11, 14, 15, 16),
 (2, 5, 6, 10, 11, 14, 15, 16),
 (3, 5, 6, 10, 11, 14, 15, 16)]

Input processing
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1. Load template 148D:

QRS: 

Linkers:

2. Generate candidate from combination

1: (2,3,5,6,10,11,14,15)
Description:

AGGTGGTTTGGTTGGGA
.qr.rq...qr..rq..

Linkers:

3. Generate candidate from

combination 2:

(2,3,5,6,10,11,14,16)
Description:

AGGTGGTTTGGTTGGGA
.qr.rq...qr..r.q.

Linkers:

4. And so on...

Candidate generation from a template

15/26



Tract distance

For each interior segment (not first/last)

of the template:

if the template segment is , add

the length of the candidate's

segment there

Counts inserted bulges where they do

not belong!

Linker distance

For each segment, compute the

edit distance between template

and candidate linker strings

Counts insertions / deletions /

mutations to mutate the template

into query sequence

Distance metric: tracts + linkers
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148D linkers: 

Combination 1: 

Tract distance: 0

Linker distance:

Combination 2: 

Tract distance: 

Linker distance:

Distance metric: example
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For each template, enumerate every

combination of G positions, where  =

query G count, 

Each combination runs up to 

pairwise alignments

Real example: 35-nt query, 18 Gs, 3

tetrads , 

combinations per template, across 201

three-tetrad templates

M combinations total;

~5.15s/template, ~110s on 12 cores

Cost grows combinatorially with the query's

G count

A longer query, or one with more spurious

(non-quadruplex) Gs, quickly becomes

intractable

Example: 

 combinations

We needed a smarter search — without

changing the result

The brute-force cost
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Fortunately, we can

decompose the problem and

solve it with dynamic

programming

States: 

Transitions per state:

Complexity: 

-1 1 2 4 5 9 10 13 14 15

0 0 0

1 0 1 0 2 0 4 0 5 0 9 0 10 0 13 0 14 0 15 ε

2 0 1 1 3 0 4 3 8 0 9 2 12 0 13 0 14 ε

3 0 2 0 2 0 5 0 6 0 9 0 10 0 11 TT

4 0 2 3 5 0 5 2 8 0 9 0 10 ε

5 0 3 0 4 0 6 0 7 0 7 TGT

6 0 3 2 6 0 6 0 7 ε

7 0 3 0 4 0 5 TT

8 0 3 0 4 ε

9 0 5 ε

AGGTGGTTTGGTTGGGA

The dynamic-programming search
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A match with zero tract distance and small linker

distance looks almost perfect by our metrics

But the loop lengths it implies may be

geometrically impossible:

a 0-nt loop (two tetrad Gs directly adjacent)

too short diagonal loops

some loop-length/topology combinations

never observed

Viability

20/26



Viability: literature

Granzhan, A., & Mouawad, L. (2026). Topological rules and anomalies in intramolecular G-quadruplex folding: A comprehensive study. Nucleic Acids Research, 54(9), gkag435. https://doi.org/10.1093/nar/gkag43521/26

https://doi.org/10.1093/nar/gkag435


Viability: literature

Woś, A., ..., Gudanis-Sobocińska, D., & Andrałojć, W. (2026). How loop lengths shape topological preferences of two-tetrad G-quadruplexes. Nucleic Acids Research, 54(11), gkag590. https://doi.org/10.1093/nar/gkag59022/26

https://doi.org/10.1093/nar/gkag590
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The matches from ONQUADRO-aligner are used to extract folding parameters:

rise, twist, polarities

The folding itself does not use full homologous structures or even their

fragments

name        6k3y-assembly1
sequence    aggtggtttggtggga
structure   .^^.^^...^^.^^..
chi         ................
sugar       ................
orient      A-;B-
rise        3.2
twist       31.1
path        A1;B1;A4;B4;A3;B3;A2;B2

Template-based template-free modelling

24/26



25/26



Funding: National Science Centre (NCN), Poland — grant no. 2024/53/B/ST6/02789

and 2023/51/D/ST6/01207

Acknowledgements

26/26


