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Abstract 
 
Replication is the defining operation of any hereditary system. While duplex DNA replication 
relies on strand separation and template-directed synthesis, a canonical tetra-stranded genome 
cannot be replicated by a simple extension of this paradigm. In this work, I develop plausible 
replication cycles for Q-DNA, a canonical tetra-stranded hereditary polymer, and analyze 
the minimal mechanistic and enzymatic constraints required for faithful copying. I propose 
three classes of replication strategies— 2+2 strand separation, guide-strand replication, and 
partial-template replication—and derive testable predictions regarding intermediates, ion 
dependence, and replication asymmetries. This framework renders Q-DNA replication 
experimentally falsifiable and establishes replication as a decisive feasibility axis for 
tetra-stranded heredity. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



1. Introduction: Replication as the Ultimate Constraint 
 

A hereditary polymer is defined not by its structure, but by its ability to replicate with bounded 
error. Many alternative genetic systems fail not because they cannot store information, but 
because no plausible replication cycle exists. 
 
For duplex DNA, replication proceeds via: 
 

●​  strand separation, 
 

●​  template-directed polymerization, 
 

●​  semi-conservative copying. 
 
For Q-DNA, whose canonical ground state is tetra-stranded, replication requires a 
fundamentally different logic. 
 
The central question addressed here is: 
 
> Can a tetra-stranded genome be replicated through a closed, repeatable cycle using 
physically plausible mechanisms? 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
2. General Constraints on Q-DNA Replication 

 
Any viable replication cycle must satisfy four minimal conditions: 
 

1.​ Completeness – all information-bearing relations are copied 
 

2.​ Fidelity – error rates remain below the error threshold 
 

3.​ Reset – the original Q-state is restored after copying 
 

4.​ Energetic feasibility – no step requires unbounded energy 
 
These constraints apply independently of specific chemistry. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3. Replication Strategy I: 2+2 Strand Separation 
 

3.1 Conceptual mechanism 
 
In this scenario, the tetra-stranded genome transiently separates into two duplex-like entities, 
each serving as a replication intermediate. 
 
Steps: 
 

1.​ Partial destabilization of Q-DNA 
 

2.​ Cooperative separation into two paired strand sets (2+2) 
 

3.​ Template-directed synthesis on each duplex 
 

4.​ Reassembly into two Q-DNA genomes 
 
 
 

3.2 Advantages and limitations 
 

Advantages 
 

●​  Closest analogy to duplex replication 
 

●​  Reuses existing polymerase logic 
 

Limitations 
 

●​  Requires precise strand partitioning 
 

●​  Sensitive to topological entanglement 
 

●​  Strong ion dependence 
 

 
 
 
 
 
 
 



 
 4. Replication Strategy II: Guide-Strand Replication 

 
4.1 Conceptual mechanism 

 
Here, one or two strands act as persistent guides, while others are replaced. 
 
Steps: 
 

1.​ Partial opening of Q-DNA 
 

2.​ Guide strands remain structurally fixed 
 

3.​ New strands are synthesized relative to the guide geometry 
 

4.​ Full Q-state is restored 
 
 

4.2 Functional implications 
 
This strategy: 
 

●​  reduces the need for full disassembly, 
 

●​  naturally incorporates correlated error correction, 
 

●​  resembles RNA-guided replication paradigms. 
 
It is kinetically favored but chemically asymmetric. 

 
 
 
 
 
 
 
 
 
 
 



 
 5. Replication Strategy III: Partial-Template Replication 

 
5.1 Distributed templating 

 
In this scenario, no single strand is a complete template. Instead: 
 

●​  local motifs guide local synthesis, 
 

●​  global structure emerges via assembly. 
 
Replication proceeds through: 
 

●​  fragment synthesis, 
 

●​  guided assembly, 
 

●​  topological closure. 
 
 

5.2 Consequences 
 
This strategy: 
 

●​  maximizes robustness, 
 

●​  minimizes reliance on long templates, 
 

●​  but imposes strong assembly constraints. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
6. Minimal Constraints on a “Q-Polymerase” 

 
6.1 Functional requirements 

 
A Q-polymerase must minimally: 
 

●​  recognize multi-strand geometries, 
 

●​  tolerate non-linear templates, 
 

●​  operate under high ionic screening, 
 

●​  coordinate synthesis with structural reassembly. 
 
It need not resemble modern DNA polymerases. 
 

 
 6.2 Enzymatic vs physico-chemical assistance 

 
Replication may involve: 
 

●​  weakly processive enzymes, 
 

●​  structural chaperones, 
 

●​  ion-driven conformational cycling. 
 
Thus, replication can be distributed, not enzyme-centric. 
 

 
 
 
 
 
 
 
 
 
 
 



7. Replication Intermediates and Signatures 
 

7.1 Expected intermediates 
 
All strategies predict: 
 

●​  partially opened Q-states, 
 

●​  hybrid Q/D configurations, 
 

●​  asymmetric strand compositions. 
 
These intermediates are experimentally observable. 
 

7.2 Ion and temperature dependence 
 
Replication efficiency is predicted to depend strongly on: 
 

●​  multivalent cation concentration, 
 

●​  temperature cycling, 
 

●​  molecular crowding. 
 
This yields clear experimental knobs. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



8. Falsifiable Predictions 
 

●​ P1: Detectable 2+2 duplex intermediates during replication attempts 
 

●​ P2: Strand asymmetry in replication products (guide-strand bias) 
 

●​ P3: Sharp dependence on Mg²⁺ / polyamine concentration 
 

●​ P4: Replication failure without controlled partial destabilization 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



9. Discussion 
 

9.1 Why replication is the hardest test 
 
Unlike structure or information, replication cannot be faked. 
If no closed cycle exists, Q-DNA is not a hereditary system. 
 
 

9.2 Relation to early life and synthetic systems 
 
Q-DNA replication may be: 
 

●​  slower than duplex replication, 
 

●​  more robust to noise, 
 

●​  compatible with non-modern enzymology. 
 
This aligns with prebiotic and synthetic scenarios. 
 

 
9.3 Replication as a falsifier 

 
If: 
 

●​  all plausible cycles fail energetically or kinetically, 
 

●​  intermediates are inaccessible, 
 

●​  fidelity cannot be maintained, 
 
then Q-DNA must be rejected. 
 

 
 
 
 
 
 
 
 



 
10. Conclusion 

 
I have outlined plausible replication cycles for a canonical tetra-stranded genome, 
identified minimal enzymatic constraints, and derived experimentally testable predictions. 
Replication emerges as the decisive filter for Q-DNA viability: if a tetra-stranded hereditary 
polymer can replicate, it belongs within biology; if not, it remains a theoretical boundary. This 
work renders Q-DNA replication a concrete, falsifiable hypothesis. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figures  
 

 
Figure 1. Replication strategies for Q-DNA 
 

 
Figure 2. Conceptual replication cycle of Q-DNA 
 



 
Figure 3. Minimal functional constraints on a Q-polymerase 
 

 
Figure 4. Predicted experimental signatures of Q-DNA replication 
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