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Abstract

Music is an important part of human life. It can affect our emotions, memory, thinking, stress,
and behaviour. Scientists are also interested in understanding whether these effects can influence
biological processes inside the body. Music does not normally change the actual DNA sequence.
However, it may influence how some genes work or how strongly they are expressed. This area
can be studied using molecular biology and bioinformatics. Bioinformatics helps scientists
analyse large amounts of biological information such as DNA, RNA, and gene-expression data.
Forensic psychology helps us understand how people respond to music emotionally and mentally.
Musicology helps us understand the characteristics of music, such as rhythm, melody, harmony,
tempo, and structure. By combining these three areas, researchers can study how different types
of music may influence psychological, physiological, and molecular responses.
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1. Introduction

Music is more than just sound. It can make people happy, relaxed, excited, emotional, or even
nostalgic. People often use music to reduce stress, improve mood, concentrate, exercise, or
remember important events. When we listen to music, our ears send signals to the brain. The
brain processes these signals and produces different emotional and physiological responses.
These responses can affect heart rate, breathing, hormones, and stress levels. Scientists are now
interested in understanding whether these changes can also influence activities inside cells. This
creates a connection between music, psychology, biology, and bioinformatics.

2. Does Music Change DNA?

It is important to understand that music does not normally change the DNA sequence itself. DNA
contains the genetic information of our body. Listening to music does not normally change the
letters of DNA, such as A, T, G, and C. Instead, music may influence gene activity. This means
that some genes may become more or less active depending on changes occurring inside the
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body. Therefore, it is better to say: Music may influence gene expression rather than directly
changing DNA. This difference is very important in scientific research.

3. What is Gene Expression?

Genes contain instructions used by cells to make RNA and proteins. The process by which
information from genes is used is called gene expression. Not all genes are active at the same
time. Some genes are more active under certain conditions, while others are less active. For
example, stress, exercise, food, sleep, disease, and environmental conditions can affect gene
activity. Music may also influence some of these conditions indirectly by changing stress,
emotions, hormones, and brain activity.

4. How Can Music Affect Gene Activity?

The possible pathway can be explained simply: Music → Brain → Emotions → Body response
→ Hormones and cell signals → Gene activity. When a person listens to relaxing music, they
may feel less stressed. This may influence hormones and other biological signals. These signals
can affect cells and may influence the activity of certain genes. However, researchers need
carefully controlled experiments to determine exactly which genes are affected and under what
conditions.

5. Music and the Brain

The brain plays an important role in our response to music. When we listen to music, several
areas of the brain become involved in hearing, emotion, memory, attention, and reward. A
familiar song may bring back memories. A fast song may increase excitement, while slow or
calming music may make a person feel relaxed. Therefore, the effect of music is not only caused
by sound. It is also affected by how the brain understands and interprets the music.

6. Music and Emotions

Music can produce different emotional responses. For example: Slow music may produce
relaxation. Fast music may increase excitement. Familiar music may produce memories. Sad
music may produce feelings of sadness or nostalgia. Favorite music may produce pleasure. These
emotional responses can influence the body's physiological condition.

7. Music and Stress

Stress is one of the most important areas for studying the biological effects of music. When a
person experiences stress, the body releases hormones such as cortisol. Long-term stress can
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affect many biological systems. Relaxing music may help some people reduce stress and feel
calm. If stress levels change, the activity of biological pathways inside the body may also change.
This provides a possible connection between music and gene expression. The important point is
that music may influence genes indirectly through changes in stress and physiology.

8. Role of Forensic Psychology

Forensic psychology studies human behaviour and psychological processes in relation to legal
and investigative situations. In this topic, forensic psychology can help us understand how
people react to music. Different people may respond differently to the same song. One person
may find a song relaxing, while another person may find it irritating. This difference can occur
because of personality, memory, culture, previous experiences, and personal preference.
Therefore, psychological factors should be considered when studying the biological effects of
music.

9. Music and Memory

Music has a strong connection with memory. A particular song may remind someone of
childhood, family, school, relationships, festivals, or other important experiences. When a
memory is activated, it can also produce an emotional response. Therefore, the possible pathway
may be: Music → Memory → Emotion → Physiological response → Biological changes. This is
an important area where psychology and music research can work together.

10. Music and Individual Differences

Every person responds to music differently. The response may depend on:

1. Age;
2. Personality;
3. Musical training;
4. Culture;
5. Previous experience;
6. Mood;
7. Stress level;
8. Personal preference; and
9. Familiarity with the music.

For this reason, a research study should not assume that the same music will produce the same
biological response in everyone.

11. What is Epigenetics?
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Epigenetics is the study of changes that influence gene activity without changing the basic DNA
sequence. In simple words: DNA is the instruction book, while epigenetic mechanisms can
influence which instructions are being used. Important epigenetic mechanisms include DNA
methylation and changes in proteins associated with DNA. Environmental factors can influence
epigenetic processes. Researchers are therefore interested in whether experiences such as stress,
diet, exercise, and possibly music can influence epigenetic regulation. However, more research is
required before making strong conclusions about music-induced epigenetic changes.

12. DNA Methylation

DNA methylation is one of the important mechanisms involved in gene regulation. A small
chemical group called a methyl group can attach to DNA. Depending on its location and
biological context, this can influence whether a gene is more or less active. Researchers can
measure DNA methylation and compare it between different experimental conditions. For
example, they could compare people before and after a controlled music intervention.

13. Role of Bioinformatics

Bioinformatics is the use of computers, mathematics, statistics, and biology to study biological
data. If researchers collect gene-expression or DNA-methylation data from people exposed to
music, the amount of data can be extremely large. Bioinformatics helps researchers:

1. Organize the data;
2. Remove poor-quality data;
3. Identify differences;
4. Compare groups;
5. Find important genes;
6. Identify biological pathways; and
7. Create graphs and biological networks.

Therefore, bioinformatics is an important tool for studying the possible molecular effects of
music.

14. Gene-Expression Analysis

Researchers can compare gene activity between two or more groups. GEO Datasets For example:
1. Music elicits different gene expression responses in the buccal cavity of age-related cognitive
disorders patients and healthy controls. (Submitter supplied) Recent evidence suggests that
external stimuli can shape transcriptomes (sensogenomics). Specifically, the analysis of capillary
blood samples has shown that musical stimuli can modulate gene expression patterns, in healthy
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individuals but also in those with age-related cognitive disorders (ACD), based on. Here, we
present groundbreaking evidence indicating that brief exposure to music can also imACDt the
salivary transcriptome in both healthy donors and ACD patients.

Organism: Homo sapiens; Type: Expression profiling by array; Platform: GPL34537 48
Samples; FTP download: GEO (RCC, TXT)
ftp://ftp.ncbi.nlm.nih.gov/geo/series/GSE268nnn/GSE268683/; Series Accession: GSE268683
ID: 200268683.

2. Music compensates for altered gene expression in age-related cognitive disorders (Submitter
supplied) Extensive literature has explored the beneficial effects of music in age-related
cognitive disorders (ACD), but limited knowledge exists regarding its impact on gene expression.
We analyzed transcriptomes of ACD patients and healthy controls, pre-post a music session
(n=60), and main genes/pathways were compared to those dysregulated in mild cognitive
impairment (MCI) and Alzheimer’s disease (AD) as revealed by a multi-cohort study (n=1269
MCI/AD and controls).

Organism: Homo sapiens; Type: Expression profiling by high throughput sequencing;
Platform: GPL24676 60 Samples; FTP download: GEO (TXT)
ftp://ftp.ncbi.nlm.nih.gov/geo/series/GSE239nnn/GSE239282/; Series Accession: GSE239282
ID: 200239282

The researchers can then determine whether certain genes show different activity between the
groups. This type of research is called differential gene-expression analysis.

15. RNA Sequencing

RNA sequencing is one method that can be used to study gene activity. Researchers collect
biological samples and analyse RNA molecules. The resulting data can provide information
about which genes are active and how strongly they are expressed. Bioinformatics software is
then used to process and interpret the sequencing data. A simplified process is: Sample → RNA
extraction → Sequencing → Computer analysis → Gene-expression results

16. Pathway Analysis

Finding one changed gene may not tell the complete story. Researchers can examine groups of
genes that work together in biological pathways. For example, the analysis may identify
pathways related to:

1. Stress;
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2. Inflammation;
3. Nervous-system activity;
4. Immune response;
5. Metabolism; or
6. Cellular communication.

This can help researchers understand the possible biological effects associated with music
exposure.

17. Role of Musicology

Musicology is the scientific and scholarly study of music. A musicologist can describe the
characteristics of the music used in an experiment. These characteristics may include:

1. Tempo;
2. Rhythm;
3. Melody;
4. Harmony;
5. Pitch;
6. Instruments;
7. Volume;
8. Repetition; and
9. Musical structure.

This is important because researchers cannot simply describe a stimulus as “music.” Different
types of music may produce different psychological responses.

18. Forensic Musicology

Forensic musicology applies musicological knowledge to legal and investigative questions. It
may be used to study:

1. Musical similarity;
2. Copyright disputes;
3. Plagiarism claims;
4. Authorship;
5. Recordings;
6. Sampling;
7. Musical ownership; and
8. Prior musical material.
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Computational methods can help forensic musicologists compare large numbers of musical
works. However, the biological effects of music and forensic musicology are two different areas
and should not be confused.

19. Connection between the Three Fields

The three fields can work together to create an interdisciplinary research model. Musicology
determines what the music contains, including its structure, rhythm, melody, and other musical
characteristics. Forensic psychology examines how individuals perceive and respond to the
music, particularly in relation to emotions, behaviour, memory, and psychological states.
Molecular biology then investigates the biological responses associated with these psychological
experiences, such as hormonal and cellular changes. Finally, bioinformatics analyses the large
biological datasets generated through molecular studies to identify patterns and relationships.
Overall, the complete research process can be understood as a sequence in which music
influences hearing, which affects brain activity and subsequently contributes to changes in
emotion and memory. These psychological responses may lead to stress or other physiological
responses, followed by hormonal and cellular changes that can influence gene expression and
epigenetic regulation. Bioinformatics can then be used to analyze the resulting biological data,
providing a comprehensive understanding of how music may influence the human body and
mind at multiple levels.

20. Possible Experiment

A postgraduate research study could compare different music conditions. Participants could be
divided into groups:

1. Group A: No music
2. Group B: Relaxing music
3. Group C: Fast/stimulating music
4. Group D: Personally preferred music

Researchers could measure psychological responses, physiological responses, and selected
molecular markers.

21. Psychological Measurements

Researchers could ask participants to complete questionnaires measuring:

1. Stress;
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2. Anxiety;
3. Mood;
4. Relaxation;
5. Emotional response;
6. Music preference.

These measurements would help determine whether the participants actually experienced
different psychological responses.

22. Biological Measurements

Researchers could measure:
1. Heart rate;
2. Blood pressure;
3. Cortisol;
4. Heart-rate variability;
5. Selected inflammatory markers;
6. Gene expression;
7. DNA methylation.

This would allow researchers to compare psychological and biological responses.

23. Bioinformatics Analysis

After collecting molecular data, bioinformatics can be used to compare the groups. For example:
Control group versus Music group. Researchers could identify genes that show statistically
significant differences. They could then determine which biological pathways are associated with
those genes.

24. Role of Artificial Intelligence

Artificial intelligence and machine learning may help identify patterns in large datasets. For
example, a machine-learning model could investigate whether a combination of: musical features
+ psychological measurements + biological measurements can predict an individual's response to
music. However, such models require large datasets and careful validation before they can be
used reliably.

25. Possible Applications

Research in this area may eventually contribute to:
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1. Music therapy;
2. Stress management;
3. Mental-health research;
4. Neuroscience;
5. Personalized music interventions;
6. Cognitive research;
7. Molecular biology; and
8. Bioinformatics.

These applications require further scientific investigation.

26. Forensic Importance

The forensic application of this research is currently limited. It would not be scientifically correct
to say that a person's DNA can identify which song they listened to. However, the combined
study of music, psychology, and biology may provide useful knowledge about human responses
to auditory stimuli. Bioinformatics is already important in forensic genetics for analysing
biological evidence. Therefore, the broader connection between music-related evidence and
biological data may become an interesting area of future research.

27. Limitations

There are several limitations. First, people respond differently to music. Second, gene expression
can be affected by many factors other than music. Third, biological changes observed in blood or
saliva may not represent what is happening in the brain. Fourth, a short-term change in gene
expression does not necessarily mean that the person has experienced a permanent biological
change. Finally, more research is required before music-associated gene or epigenetic changes
can be considered reliable scientific markers.

28. Ethical Considerations

Genetic and psychological information is highly sensitive. Researchers must protect participants'
privacy and obtain appropriate informed consent. Participants should understand what biological
samples are being collected and how the data will be used. Genomic information should be
stored securely and should not be used for unrelated purposes without appropriate ethical and
legal approval.

29. Future Research
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Future research should use larger groups of participants and carefully controlled musical stimuli.
Researchers could investigate whether different musical features, such as tempo, rhythm, melody,
and emotional content, produce different biological responses. Future studies could also combine:
music + psychology + neuroscience + genomics + bioinformatics to understand the complete
pathway from musical experience to biological response.

30. Conclusion

Music can influence human emotions, memory, stress, and physiological responses. These
effects provide a possible pathway through which music may indirectly influence biological
processes involved in gene regulation. However, music does not normally change the actual
DNA sequence. The more accurate concept is that music may influence gene expression and
possibly epigenetic regulation through psychological, neural, hormonal, and cellular pathways.
Forensic psychology helps explain individual differences in emotional response, memory,
perception, and behavior. Musicology helps describe and analyze the musical stimulus.
Bioinformatics provides the computational methods required to analyze large amounts of
molecular data. Therefore, the relationship can be summarized as: Music → Psychology →
Physiology → Gene Regulation → Bioinformatics. This interdisciplinary approach provides an
interesting and potentially valuable area for postgraduate research. However, more experimental
evidence is required before specific gene-expression or epigenetic changes caused by music can
be considered established or useful as forensic biomarkers.
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