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Abstract: This study investigates the impact of temperature-induced quantum proton tunneling 

probability on DNA amplification during polymerase chain reactions (PCR). Using a simulation 

model based on a Gaussian wavefunction and finite-difference time-domain method, quantum 

tunneling of protons across square potential barriers is examined. The results unveil consistent 

probability distributions for quantum tunneling across various PCR temperatures, with distinct 

oscillation patterns emerging post-barrier crossing. Acknowledging limitations in initial conditions 

due to temperature-dependent proton energy, the study highlights the need for refined models and 

experimental validation. These findings accentuate the potential interplay between quantum 

mechanics and biological systems, prompting further research to understand quantum tunnelling’s 

comprehensive effect on genetic variations and molecular processes. 
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1. Introduction 

In genetic research, deoxyribose nucleic acid (DNA) amplification serves as a crucial technique 

that empowers researchers to examine and manipulate genetic information effectively. This method 

involves generating multiple copies of a specific DNA sequence, enabling in-depth investigations 

into genetic material and the functions of particular genes. Its remarkable sensitivity to detect even 

minute amounts of target molecules makes it indispensable in molecular diagnostics [1]. 

Among the prominent techniques for DNA amplification, the polymerase chain reaction (PCR) 

stands out as the gold standard. PCR plays a pivotal role in duplicating individual DNA segments 

through various reactions under varying temperatures, which can then be sequenced to identify 

genetic variants or point mutations. Point mutations encompass alterations in a single DNA base, 

including additions, deletions, or changes. This is hypothesized to be caused by tautomeric 

mutations. Tautomers are isomers that can rapidly convert in a solution often differing in proton 

position [2]. Analyzing these mutations within the context of existing scientific knowledge provides 

insights into their implications across various disciplines related to personal health such as nutrition. 

Quantum tunneling, a concept derived from quantum mechanics, holds fascinating potential for 

comprehending tautomeric mutations in DNA. This phenomenon allows particles to surpass energy 

barriers that classical physics considers insurmountable. Consequently, nucleotide bases can 

overcome energy obstacles and form unconventional base pairs during replication. The likelihood of 

quantum tunneling differs across various systems. However, in a biological context, this 

phenomenon leads to the creation of unconventional base pairs. These pairs play a role in genetic 

variation, vulnerability to illnesses, and responsiveness to therapies [3]. 

This paper aims to explore the effects of temperature fluctuations in PCR on the probability of 

quantum tunneling during DNA amplification. The significance of this research lies in its potential 

to inform the development of more sensitive and accurate molecular diagnostic techniques, provide 

insights into how point mutations occur at the molecular level, and expand knowledge of the 

interplay between quantum effects and biological systems, potentially opening up new avenues for 

scientific exploration and technological applications. 
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2. Materials and Methods 

In the study conducted to examine the impact of temperature on the probability of quantum 

tunneling in DNA, a simulation model was employed. This model utilized a Gaussian wavefunction 

and the finite-difference time-domain method. The entire simulation was executed on Google Colab, 

utilizing a system configuration consisting of 12.7 GB of System RAM and 107.7 GB of Disk space. 

The simulation methodology was rooted in the 1D time-dependent Schrödinger equation, as 

originally proposed by Nishantsule in 2019 [4]. However, certain adjustments were made to the 

model to align it with the specific research objectives of this study. 

To initiate the simulations, initial parameters were chosen in accordance with the findings of [3]. 

These parameters encompassed the barrier height in eV, barrier width in Angstrom, proton energy 

in eV, and proton wavefunction spread in Angstrom. 

A noteworthy constraint in the study was the computational limitations, which led to the 

decision to focus solely on the median temperature recorded during each PCR step. This pragmatic 

approach allowed for a meaningful exploration of the temperature-dependent aspects of quantum 

tunneling in DNA, effectively balancing the research goals with the available computational 

resources. The integration of these methodologies and considerations constituted the foundation of 

the investigation into the intriguing phenomenon of quantum tunneling in DNA under varying 

temperature conditions. 

3. Results 

To establish uniform starting conditions, normalization was conducted through the 

implementation of the Boltzmann Distribution. 

  

(a) Denaturation (b) Annealing 

 

(c) Extension 

Figure 1. Temperature dependent quantum proton tunneling simulation. (a) Denaturation at 95 °C, 

(b) Annealing at 60 °C, (c) Extension at 71 °C. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 September 2023                   doi:10.20944/preprints202309.1225.v1

https://doi.org/10.20944/preprints202309.1225.v1


 3 

 

The simulation results demonstrated a consistent probability distribution for quantum 

tunneling, shown in blue, across a range of PCR temperatures, with probabilities spanning 

approximately 0.5 to 0. Interestingly, distinct oscillating patterns emerged after passing through the 

energy barrier. These oscillations were particularly noticeable during the annealing and extension 

phases compared to the denaturation phase. The increased oscillations in the probability wave 

function after crossing the barrier suggest complex interactions involving multiple-path interference 

and quantum reflection. These observed oscillations suggest the potential for resonant tunneling. 

These intricate oscillations arise from the interplay between energy level interactions, bounded states, 

and the particle’s wavelength interacting with the energy barrier, resulting in complex interference 

phenomena. Examining the oscillations’ imaginary (green) and real (red) components provides 

valuable insights into the intrinsic nature of the tunneling process. Notably, the imaginary 

component dominates before breaching the barrier, while the real component becomes more 

prominent after passing the barrier. This difference suggests potential issues with the initial 

conditions imposed on the model. Given the temperature-dependent changes in proton energy, 

temperature variations could significantly impact the overall energy distribution within the system. 

As a result, the initial conditions for the denaturation simulation may not align with classical 

principles. On the contrary, a robust simulation model should accurately depict scenarios where real 

oscillations take precedence before surpassing the energy barrier. This behavior is expected when the 

particle’s energy is lower than the barrier’s height, indicating compliance with classically allowed 

realms. Upon overcoming the barrier, the notable increase in imaginary oscillations marks the 

beginning of the quantum tunneling phenomenon. This is when the particle’s wave function enters 

classically forbidden areas, and its amplitude experiences exponential decay while moving through 

the barrier. The importance of the imaginary component increases as the amplitude decreases in the 

barrier zone. 

4. Conclusions 

In conclusion, the study’s exploration of quantum tunneling within the polymerase chain 

reaction (PCR) process offers intriguing insights into the interplay between quantum phenomena and 

DNA amplification. However, it’s important to acknowledge the limitations of the model in drawing 

definitive conclusions. The complex oscillations and behaviors observed during PCR, combined with 

the temperature-dependent nature of quantum effects, suggest intricate interactions that require 

further investigation. The study underscores the need for more comprehensive experimental 

validations and refined models to ascertain the true extent of quantum tunnelling’s influence on DNA 

amplification dynamics. 

With these considerations in mind, several recommendations emerge: 

1. Development of a more accurate and inclusive model: Future research should prioritize the 

creation of a model that can faithfully replicate biological samples from their natural 

environment. Such an improved model would better capture the complexities of quantum 

tunneling within DNA amplification. 

2. Evaluation of alternative kinetic models: The exploration of other kinetic models that can 

provide a more comprehensive description of quantum proton tunneling is warranted. 

Diversifying the range of models may offer insights into different facets of quantum effects in 

biological processes. 

3. Investigation of additional parameters: Beyond temperature, researchers should examine other 

parameters within PCR machines that may contribute to quantum tunneling probability. 

Identifying these factors could lead to a more complete understanding of the quantum 

mechanical aspects of DNA amplification. 

4. Exploration of tautomeric mutations: Establishing a solid connection between tautomeric 

mutations and replication/translation errors is essential. Investigating this relationship can help 

clarify how quantum tunneling influences genetic variations and molecular processes more 

precisely. 
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These recommendations collectively represent crucial steps toward a deeper comprehension of 

the interplay between quantum mechanics and biology. While the study’s results provide a 

promising glimpse into this potential connection, additional research is necessary to uncover the full 

scope of its impact on genetic variations and molecular processes. 
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