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Abstract

Background: Ultra-weak photon emission (UPE) from living systems has been reported and linked
to oxidative reactions. Whether photons mediate communication — particularly at the level of DNA —
remains unresolved. Objective: To review biochemical and quantum-biological bases of UPE,
summarize measurement approaches, and evaluate whether DNA-related emission could support
signalling; we also present pilot data on embryo UPE. Methods: We synthesise literature on sources
(reactive oxygen species, lipid peroxidation, protein/DNA oxidation) and detectors (photomultiplier
tubes, cooled CCD cameras, Complementary Metal-Oxide Semiconductor CMOS). We measured
UPE from mouse embryos in a dark incubator using an ORCA-Quest CMOS system. Results: UPE is
modulated by cellular state; mitochondria, membranes and peroxisomes are key contributors.
Models posit DNA as a storage/emitter and potential resonator. In embryos, degenerated two-cell-
stage embryos exhibited lower UPE than well-developed embryos. These findings motivate a Photon
Emission Embryo Control System (PEECS) for non-invasive assessment. Conclusions: Ultra-weak
cellular photon emission —especially the proposed DNA-linked mechanisms—remains a challenging
yet promising field. Evidence does not convincingly show DNA acts as a biophotonic communication
system, but the hypotheses suggest new ways to view biological information processing and cellular
funcion.

Keywords: biophoton; ultra-weak photon emission; DNA communication; quantum biology; embryo
assessment

1. Introduction

Photon emission by living cells — also known as biophoton emission — has received increasing
attention in the fields of biophysics, biochemistry, and quantum biology in recent decades [1-3]. This
phenomenon refers to extremely low-intensity (ultra-weak) light emitted by living organisms under
natural conditions without external excitation, which falls within the visible and near-ultraviolet
range (approx. 200-800 nm) [4-9] (Figure 1.). Although it is not visible to the human eye, it can be
detected and characterized with sufficiently sensitive detectors. Several research groups [10-14] have
begun to conduct research on the ultra-weak photon emission of biological systems by the use of
ultra-low noise, highly sensitive photon counting systems.
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Figure 1. Two-dimensional imaging of spontaneous ultra-weak photon emission from the human hand. The
photograph (A) taken under weak light illumination and the corresponding two-dimensional images of
spontaneous ultra-weak photon emission with variable accumulation time of 10 min (B), 20 min (C) and 30 min
(D). The dorsal side of the human hand was distanced at 37 cm from CCD camera window.

Figure reproduced without modification from: Ankush Prasad & Pavel Pospisil, Towards the
two-dimensional imaging of spontaneous ultra-weak photon emission from microbial, plant and
animal cells, Scientific Reports 3, 1211 (2013)

This work is licensed under a Creative Commons

Attribution-NonCommercial-NoDerivs 3.0 Unported License.

The first systematic observations of photon emission are attributed to Alexander Gurwitsch,
who discovered in the 1920s that cells emit light at certain stages of development, which can induce
the division of other cells. He called this phenomenon "mitogenic radiation [15]." The concept was
controversial for a long time, but in the 1970s, Fritz-Albert Popp and his colleagues used new
measurement techniques to confirm that living cells do indeed produce ultra-weak photon emission,
and they hypothesized that this emission could be interpreted as a coherent quantum process [11].
Biophoton emission has now been observed in many cell and tissue types, including plants, animals,
bacteria, and human cell lines [7,16-22]. The emission is typically associated with oxidative
biochemical reactions (e. g., the formation of reactive oxygen species) and is sensitive to various
physiological and pathological processes.

A growing body of research suggests a potential biological role for photon emission, including
intra- and intercellular communication, regulation of cellular processes, and fine-tuning of
environmental responses. In addition, quantum biological interpretations have emerged suggesting
that photon fields, coherent radiation, and quantum fluctuations may also operate in cells, promoting
self-organization and communication.

The aim of this review is to:

Systematize the biochemical and biophysical basis of biophoton emission.

Present the experimental methods currently in use and their limitations.

Evaluate quantum biological theories and their empirical basis.

Review the possibilities of cell-level and intercellular light-based communication.
Present scientific evidence for photon emission as a means of DNA communication.

AN

Identify currently open questions and suggest directions for further research.
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2. Biological Mechanisms of Photon Emission
2.1. Biochemical Background

Photons emitted by living cells are predominantly by-products of oxidative metabolic processes.
According to the most widely accepted explanation, biophoton emission is the result of the relaxation
of excited states (e. g., triplet oxygen, singlet oxygen, excimer complexes) generated during redox
reactions in cells.

The main sources of photons include:

- Reactive oxygen species (ROS) such as superoxide anion (O,”), hydrogen peroxide (H-O:) or
singlet oxygen (*O.), which are highly reactive, short-lived molecules [23-26].

- Products formed during lipid peroxidation, especially malondialdehyde and aldehyde
derivatives formed by the oxidation of unsaturated fatty acids [27].

- Protein and DNA oxidation processes, which result in excited molecules and free radicals [28].

During these processes, chemical energy creates electron-excited states, which release photons
in the visible or near-UV range during de-excitation.

The intensity of the emitted photons is extremely low — typically 1-100 photons/s/cm? — and can
therefore only be measured under specially shielded conditions and with highly sensitive detectors.
The emission is not uniform, but often shows stochastic fluctuations or quasi-periodic patterns.

Numerous studies have observed that the intensity and spectrum of the emission are sensitive
to changes at the cellular level: for example, they increase in the case of oxidative stress, apoptosis,
cell proliferation, or inflammatory response [29-31].

2.2. Photon Emission at the Cellular Level

Photon emission is not uniformly distributed in cells — the main emitting structures include:

- Mitochondria, where significant amounts of ROS are generated during oxidative
phosphorylation. The mitochondrial electron transport chain can produce intermediates capable
of direct photon emission [32-34].

- Cell membranes and intracellular membrane systems, particularly due to lipid peroxidation,
which occurs in membranes [26,35-44].

Popp believed that biophotons may represent a wide frequency range originating from DNA
and concentrated in the cell nucleus DNA; accordingly, light can be stored in DNA and released over
time [45].

The emission pattern and intensity are closely related to the metabolic activity, cycle, and stress
state of the cell. For example, it has been observed that photon emission increases significantly before
cell division or during apoptosis [46]. It is interesting to note that in some cases, the emission follows
rhythmic patterns, suggesting the role of internal oscillators or cyclic cell regulatory systems.

2.3. Open Questions

- Which specific molecular reactions are responsible for the highest photon emission? Is it possible
to selectively inhibit or enhance these reactions?

- To what extent is photon emission cell type-dependent? Are there cell lines that emit light
particularly strongly or regularly?

- How does the internal architecture of the cell (e. g., the spatial distribution of mitochondria)
affect the emission pattern?

- Is real-time, spectrally selective mapping of photon emission from cells in vitro and in vivo
possible?

3. Experimental Approaches and Challenges

Measuring biophoton emission is a technologically extremely sensitive and complex task, as the
emission intensity is several orders of magnitude lower than ambient light or classical fluorescent
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signals. Accordingly, research is based on high-sensitivity detection, ensuring a dark environment,
and precise handling of samples.

3.1. Measurement Techniques

3.1.1. Photon Detection Systems

The most commonly used devices for detecting photon emission are as follows:
- Photomultiplier tubes (PMTs):

The most widely used devices for detecting ultra-weak light. They are extremely sensitive to
individual photons with low background noise. Their disadvantage is that they typically only allow
integrated intensity measurement in a given wavelength range, without spatial resolution [47,48].

- Cooled CCD cameras (Charge-Coupled Device):

These enable imaging photon emission measurement, allowing the examination of cell- or tissue-
specific emission distribution. Deep cooling (e. g., to —80 °C) reduces dark noise. Their disadvantage
is their relatively low temporal resolution [49-52].

- SPAD (Single-Photon Avalanche Diodes):

A newer technology that enables photon-by-photon time-resolved measurement and can be
used in small, integrable systems (e. g., cell chips). Their advantage is their excellent time resolution,
while their disadvantage is their wavelength-dependent sensitivity [53].

- CMOS (Complementary Metal-Oxide Semiconductor)

A key technological advantage as well as a weakness of sSCMOS is that each pixel has its own
read-out circuitry which introduces some variance in low-light level imaging and any electron-
multiplication. Repeating this process for every pixel leads to a significant variance and increased
background noise [54].

3.1.2. Environmental and Measurement Conditions

- Darkroom: Complete exclusion of environmental photons is necessary — often with multi-layer
shielding, vibration-free flooring, and thermostatic control.

- Calibration: It is important to know the exact dark count and the spectral response of the
detector.

- Temperature and pH control: Cell metabolism and thus photon emission are extremely sensitive
to environmental factors.

3.2. Samples and Experimental Protocols

Typical models for measurements:

- In vitro cell cultures: provide a standardized, well-controlled environment. Common models:
HelLa, fibroblasts, plant cells.

- Isolated cell organelles: e. g., mitochondria or membrane fragments for targeted biochemical
analysis.

- Tissue samples or whole living organisms (e. g. zebrafish embryos, mouse embryos,
Arabidopsis leaves): for studying physiological relevance.

- Sample preparation is a critical step: mechanical stress, oxidative environment, or metabolic
disturbances can falsely increase emissions.

Challenges and limitations

- Low signal-to-noise ratio: Even under ideal conditions, it is difficult to separate true photon
emission from background noise.

- Lack of standardization: Research groups use different measurement procedures, which makes
comparison difficult.
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- Environmental effects: Temperature, humidity, and electromagnetic noise can affect the
accuracy of measurements.

- Biological variability: The natural heterogeneity and dynamic state of cells pose a challenge to
reproducibility.

4. Quantum Biological Interpretations

The photon emission of living cells was initially treated as a mere biochemical by-product, but
some researchers—especially Fritz-Albert Popp et al. —suggested as early as the second half of the
20th century that this phenomenon might be more than passive oxidative noise: cells can actively
emit and possibly detect photons, and thus may be capable of quantum-based information transfer
within the organism.

4.1. The Coherent Biophoton Theory

According to Popp and his colleagues [55,56], biophoton emission is not random noise, but a
quasi-coherent electromagnetic field characterized by:

- A low-entropy photon field in which the temporal and spatial patterns of photon emission are
not completely random.

- The photon emission spectrum may also contain monochromatic components, especially during
certain physiological processes.

- Cells, as quantum oscillators, may be capable of generating light pulses and synchronizing with
each other.

Popp interpreted these photons in a manner similar to biological lasers, where molecules present
in cells can be collectively excited, and emission can be induced. This idea is consistent with the
concepts of quantum optical coherence and superradiance.

4.2. Quantum Coherence and Quantum Information in Living Systems

In recent years, quantum biology has become an increasingly widely researched field,
particularly due to the following examples:

- Photosynthesis: light energy can be transferred in a quantum coherent manner in photosynthetic
complexes (e. g.,, FMO complexes), as confirmed by femtosecond spectroscopy [57].

- Bird navigation: signs of geomagnetic sensing based on quantum spin entanglement have been
found in the retina of redstarts [58,59].

- Smell: according to some theories, odor molecules activate receptors through quantum
tunneling [60-62].

Based on these findings, it has been suggested that biophoton emission may also function as a
quantum process, for example:

- Photons may function not only as emissions but also as internal communication signals.

- Cells may behave as a quantum network, where electromagnetic fields synchronize activity.

- Emission may follow nonlinear dynamics, which can also be observed in chaotic or fractal
patterns [46].

4.3. Critical Remarks and Methodological Issues

Although quantum biological interpretations are promising, there are currently a number of
challenges:

- Coherence time: biological systems operate in a thermal, noisy environment where the duration
of quantum coherence is extremely short—typically on the order of picoseconds.

- Lack of empirical evidence: few direct measurements confirm coherent biophoton emission.
Measurements are sensitive to noise, and statistical processing requires great caution.
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- Alternative explanations: the observed patterns can often be explained by classical nonlinear
systems (e. g., oscillation, stochastic resonance).

- Nevertheless, quantum biological interpretations offer important new perspectives for the study
of living systems. To move forward, multidisciplinary experimental protocols combining
quantum optical, biophysical, and biochemical methods are needed.

5. Light-Based Communication at the Cellular and Intercellular Levels

Biophoton emission can be interpreted not only as a by-product of the metabolic state of cells,
but also, based on numerous experimental results, as an information carrier. According to this idea,
cells may be capable of photon-based communication, either at the intracellular or intercellular level.
This phenomenon raises the possibility of a new type of non-molecular signal transmission channel.

5.1. Intracellular Light Signals

Intracellular photon emission is mainly associated with the following structures:

- Mitochondria: Reactive oxygen species (ROS) generated during cellular respiration and their
chemical reactions can lead to the emission of photons. These "internal light points” may also
encode temporal and spatial patterns of intracellular activity [63].

- Microtubules: According to some theories, the internal hollow structure of microtubules may be
capable of photon conduction, acting as "biological optical fibers" [64]. This is also related to
models of consciousness based on quantum theory [65].

- Certain forms of light sensitivity have also been demonstrated in cells without photoreceptors,
such as light-induced calcium waves or the activation of other secondary messengers [66,67].

5.2. Intercellular Photon Communication

Numerous experiments support the idea that communication between cells can occur not only
through chemical signals, but also through weak light signals. Examples:

- Gurwitsch's mitogenetic radiation (1920s): long-distance light signaling between the apical
regions of onion bulbs, which may have induced cell division.

- Kobayashi et al. [46]: non-chemical interactions between different plant cell cultures were
demonstrated, which were reduced by optical shielding.

- In higher-order systems (nervous system, immune system), some studies suggest that
coordinated cell activity may be partly light-based — this may be particularly interesting at the
level of neuromodulation, neurocommunication, and cell division, for example [68-70].

5.3. Possible Mechanisms

Two key conditions are necessary for light-based communication between cells:

- Emission: The emitter cell is capable of emitting photons in a controlled manner, either in
response to environmental stimuli or according to internal rhythms.

- Detection: The receiving cell detects the photons and responds functionally based on these
signals. This can be activation via receptors or membrane proteins, or even modification of
intracellular signaling pathways.

Presumably, photons can also function in a paracrine, autocrine, or endocrine-like manner,
although the latter is questionable due to the low light intensity.

5.4. The Question of Photon Patterns and Information Content

- The photons emitted by cells can carry information not only based on their quantity, but also on
temporal fluctuations (pulsation, oscillation), spectral characteristics (wavelength dispersion,
bands), polarization, and other quantum characteristics. Experimental results show that certain
photon patterns may be unique to a cell line, developmental stage, or stress state [71]. This
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information encoding is similar to classical electrical activity patterns (e. g.,, EEG, action
potentials), but occurs with a photonic signal.

6. Present Scientific Evidence for Photon Emission as a Means of DNA
Communication

Deoxyribonucleic acid (DNA) is a complex molecule belonging to the group of nucleic acids that
stores genetic information. The structure of DNA allows for the stable storage of information, its
accurate duplication and its transmission to offspring as hereditary material. The transmission of
biological information from one generation to the next is made possible by the hereditary material
itself, which is essential for the survival of the species.

Today's experimental biology, the understanding and application of the molecular functioning
of living systems, is undergoing a huge change. The most important driving force for this is the
introduction of the genomic approach. Genomics means genome-scale biology, meaning that studies
can extend to the DNA-level or expression (mRNA and/or protein) analysis of all genes of a given
organism.

The basis of molecular biology is the central dogma itself, that is, the direction of genetic
information flow, is as follows: DNA — mRNA — protein — trait. The central dogma includes
transcription (i.e. transcription: DNA — mRNA) and translation (i.e. translation: mRNA — protein).
Over the past seven decades, much of the research has focused on the mechanisms of formation of
biomolecules responsible for the structure and function of cells. Researchers have mainly studied the
function of a single selected gene.

Thanks to this research, our knowledge about the structure and function of DNA has increased
tremendously, but our knowledge is mostly based on the results of biochemical research. Despite the
fact that ECG, EEG and EMG are widely used not only in research but also in clinical routine, and
even the fantastic development of imaging diagnostics has made the use of the results of physics and
biophysics as an everyday possibility, we have less faith in this knowledge when it comes to
interpreting the basic functioning and functions of cells.

The Interaction Between Photon Emission and DNA

Traditionally, it has been thought that macromolecules found in living cells, including DNA,
RNA, and proteins, do not exhibit specific light emission. However, recent research challenges this
concept by demonstrating that under certain conditions and at physiological temperatures, nucleic
acids exhibit spontaneous light emission. Through non-invasive observation of barley genomic DNA
and advanced statistical physical analyses, temperature-induced dynamic entropy fluctuations and
fractal dimensional oscillations were identified at a key organizational threshold. The study found
evidence of non-equilibrium phase transitions, a noticeable photovoltaic current jump at zero bias,
and a proportional increase in photoinduced current with increasing DNA quantity. These results
suggest that DNA is one of the main sources of ultra-weak photon emission in biological systems
[72].

DNA is the carrier of genetic information. DNA forms complex three-dimensional structures
through complementary base pairs, whose outstanding feature is high-density information storage—
based on its physical dimensions. The theoretical data density of DNA is 6 bits per 1 nm of polymer,
or ~4.5x107 GB/g [73,74]. Therefore, research into the properties of DNA molecules is crucial for
biological questions and their application in various industries.

Using Gurwitsch's findings, Vlail Kaznacheyev conducted thousands of experiments, the results
of which were published in book form in 1981 [75]. The experiments showed that cell information
can be transmitted electromagnetically and induced in target cells that absorb photon radiation. In
the basic experiment, two sealed quartz containers containing the same cell cultures were separated
by a thin optical quartz window. One sample was divided into equal parts, and both halves were
placed in the two halves of the device, with only a thin optical window visible between them. Thus,
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the two containers were completely isolated from the environment, except for the optical connection.
The cells in one sample were exposed to ionizing radiation, which destroyed them. The cells in the
unirradiated culture also died within 12 hours. It was assumed that photons from the irradiated cells,
which were absorbed by the cells in the unirradiated culture, caused their death. In another
experiment, they used mouse fibroblasts and adult human microvascular endothelial cells, Caco-2
cell lines, and single-celled green algae (Chlamydomonas reinhardtii), all of which exhibited similar
optical biocommunication.

Fritz-Albert Popp discovered a broader spectrum of ultra-weak photon emissions (~10-3 eV)
emitted by living cells, ranging from 200 to 800 nm. He coined the term "biophoton" for these [76].
According to Popp et al. [45], a biophoton is a non-thermal photon in the visible and ultraviolet
spectrum emitted by a biological system. Popp found that biophotons are coherent and suggested
that they may regulate all life processes in an organism [77]. Biophotonic signal transmission can be
used to receive, transmit, and process electromagnetic data, perhaps with some transmission
characteristics similar to fiber optics. Popp believed that biophotons may represent a wide frequency
range originating from DNA and concentrated in the cell nucleus DNA; accordingly, light can be
stored in DNA and released over time [45]. He concluded that biophotons communicate
instantaneously with all cells in the body in a synchronous wave of information energy [77].

DNA, as the primary carrier of genetic material, is directly linked to the phenomenon of
biophoton emission. The structure of DNA is particularly sensitive to photons and can even be
damaged by them, but according to certain theories, they can also serve to transmit information
within cells. DNA can be not only a target but also a source of biophoton emission. Experiments have
confirmed that isolated DNA molecules are also capable of emitting photons, especially under stress
or when exposed to external electromagnetic fields. According to some research, DNA may also act
as a kind of quantum antenna that resonates at certain frequencies.

Quantum biology assumes that biophoton emission is not merely a by-product of metabolic
processes, but part of cell-level communication, and even '"light-based" information exchange
between cells. This light-based communication can be extremely coherent, similar to laser light,
which differs from random thermal light emission.

Biophotons may represent complex communication between cells based on the speed of light.
The physics of light seems to fit biological observations. Light is the most efficient and fastest carrier
of information in the world. The coherent nature of biophotons may have a profound effect on
information transfer. Frequency encoding allows light to encode information from DNA in
biophotons. An optical resonator is necessary to store light in a very small, enclosed space. The ability
to trap photons and slow down the propagation of light plays an important role in quantum optics
[78]. The twisting of the light beam can form a propagating spiral pattern that may be capable of
reading and encoding parts of DNA and transmitting vast amounts of data [79].

More than fifty years ago, Herbert Frohlich introduced the concept of long-range coherence in
biological systems [80-82]. Synchronous, large-scale collective Frohlich oscillations represent photon
emission between cells, which is neither a chemical nor a thermal interaction. Based on this, the
oscillations of the DNA molecule emit energy, reaching coherent oscillation in the critical state. In
addition, the spectroscopic properties of the Frohlich condensate are particularly evident in the
narrow linewidth. This ensures long-lived coherence and collective motion of the condensate [83].

Although it has been reported that stochastic fluorescence changes can occur in nucleic acids
under the influence of visible light [84], there is no mention in the scientific literature of natural light
emission from nucleic acids. This may be due to the fact that the emission of energy quanta can only
be detected under certain conditions and only glows for a very short time when the appropriate
physical and chemical conditions are present in the body. Therefore, it is likely that previous
observations were unsuccessful because the DNA molecule spent most of its time inactive.

The question arises: why does DNA emit light? The answer is that the light emitted by DNA can
be used for energy transfer. This enables the simultaneous transfer of information in the immediate
vicinity of DNA molecules, which presumably regulates the coherent development and functioning

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202511.0381.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 November 2025 d0i:10.20944/preprints202511.0381.v1

9 of 16

of living organisms. In addition, it can trigger a signal transmission cascade that initiates growth in
the DNA world under favorable environmental conditions.

7. Summary of Our Own Research

Over the past half century, in vitro fertilization (IVF) has undergone significant development
and has now become part of everyday medical practice. During the procedure embryo development
can be monitored excellently using TimeLapse technology, but this system uses visible light, which
can damage cells. All living cells, including embryos, spontaneously emit photons (UPE) generated
by metabolic reactions and influenced by physiological conditions. We hypothesized that this
phenomenon could be used to monitor embryo development without any other stimulation, in a
"stress-free" environment.

During our investigations, we detected photons emitted by mouse embryos using a combined
system of an ORCA-Quest CMOS camera (Hamamatsu Ltd.) and a microscope incubator. The
recordings were made in the dark. Reference measurements showed only negligible differences
between empty and nutrient-filled samples. It has been observed that the UPE values of degenerated
two-cell stage embryos were significantly lower than those of well-developed embryos. The UPE
values of freshly conceived embryos were significantly higher than those of previously frozen and
then thawed embryos, but visibly well developing embryos. On the basis of results we suggested that
UPE detection in mouse embryos may provide a realistic basis for the development of a photon
emission embryo control system (PEECS), which we have been working on ever since [85,86].

The Figure 2. shows the results of measurements based on average information content -
information theoretical Shannon entropy - [86]. The total measurement duration is 50 hours (bottom
graph of the figure), of which the middle and upper parts contain the measurement results of 5 hours.
The temporal change of the entropy curves of fresh and frozen embryos shows a different structure.
Several possibilities have been proposed as an explanation for this. It may refer to the previously
mentioned complex biochemical and biophysical processes of embryo metabolism, but it can also be
considered, in an information theoretical sense, as the communication of two independent systems.
Clarifying all of this is part of our own research.
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Figure 2. Based on Figure 4 of *Berke et al., 2024. "Unique algorithm for the evaluation of embryo photon
emission and viability." Scientific Reports 14, 15066 (2024).

Fresh and frozen embryo entropy values are presented separately.
This article is licensed under a Creative Commons Attribution 4.0 International License

8. Future Research Directions

The ultra-weak photon emission of living cells is an exciting and multidimensional phenomenon
that fundamentally affects biological organization, cellular information processing, and even the
quantum physical interpretation of life. Although many important observations have been made in
recent decades, the functional significance, mechanism, and information content of the phenomenon
remain unclear. Among the theoretical models proposed so far, the concept of a coherent biophoton
field and cells as quantum oscillator networks stands out, in which the detection of temporal
synchronization of cell cultures based on photon emission and the identification of fractal or
nonlinear dynamics in emission patterns (e. g., recurrence analysis, detection of chaotic dynamics)
appears particularly promising. Numerical modeling with quantum-inspired oscillator networks (e.
g., modification of the Kuramoto model with quantum parameters) may represent one of the greatest
challenges and opportunities of our time. R. Riera Aroche et al [89] described how DNA behaves like
a quantum computer, defining the quantum states that form the qubit. Josephson-Junction qubits are
one of the most promising platforms for quantum computation. This future is not far off.
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The question of photonic communication between cells remains open. The aim of these studies
is to determine whether cells are capable of recognizing light emitted by other cells, responding
functionally to it, and encoding/timing light-based information.

9. Conclusions

Biophotons are generated at the atomic and/or molecular level, and we believe that they perform
a well-defined task. At the same time, when we examine and analyze the photon emission of certain
physiologically important molecules, especially DNA, we attempt, with varying degrees of success,
to evaluate the aggregate data from the atomic/molecular spectrum and the curves generated from
them. Therefore, we are convinced that the results of various scientific studies should be interpreted
as mosaics of a large information system and summarized into a unified and understandable system.
If we consider that more than seventy years passed between the discovery of the first nucleic acid in
white blood cells and the recognition of the structure of DNA in its current sense, then we must be
patient in exploring the real background of photon emission and correctly interpreting the data
obtained.

The ultra-weak photon emission of cells, especially the emission mechanisms linked to DNA
and their role in communication, remains a challenging but promising area of research. Based on the
current literature, there is no convincing empirical evidence that DNA functions as a biophotonic
communication system. However, the hypotheses are noteworthy in that they open up new
perspectives on the interpretation of biological information processing and cell organization
mechanisms [90-92].

The study of DNA photonic activity is not only interesting from a biophysical point of view, but
may also contribute to:

- understanding coherent processes at the cellular level,
- broadening the toolkit of quantum biology,
- and, in the long term, exploring the physical dimensions of biological information processing.

Highly sensitive quantum optical methods and rigorous experimental protocols are necessary
for progress in this field of research. In addition, openness to speculative models, combined with
critical thinking and verifiability, is essential to ensure that this field avoids the pitfalls of
pseudoscience while becoming a source of new scientific discoveries.

We would like to conclude our manuscript with a thought from 1941 by Hungarian Nobel Prize
winner Albert Szent-Gorgyi [93], but rewritten for today: towards the new quantum biology?
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