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Abstract:
Genetic music generated by decoding and transcribing genetic information within a DNA sequence into a
music signal having melody and harmony, and useful in the producion of novely consumer products,

identification systems, and diagnostic tools.
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Claims:

1. An apparatus for generating music, comprising:

a. a harmonic sequence generator that is configured to receive a nucleotide sequence, determine an
amino acid that is defined by a three-segment nucleotide sequence, and determine a chord in response to the
defined amino acid, whereby a harmonic sequence is generated in response to a succession of defined
amino acids; and

b. a melodic sequence generator that is configured to receive the nucleotide sequence and the chords
generated from the determined amino acid sequence, and generate a melodic sequence of tones in response
to the received nucleotide sequence within the determined chords.

2. The apparatus of claim 1, further comprising a decoder that is configured to determine codons within the
DNA sequence and synchronize the harmonic sequence generator in response to a determined codon.

3. The apparatus of claim 1, further comprising a music signal generator that is configured to receive the
melodic sequence and the harmonic sequence and generate a music signal in response to the received
melodic and harmonic sequences.

4. The apparatus of claim 1, wherein a root of each determined chord is determined in response to a
particular chemical property of the determined amino acid.

5. A method for musically transcribing DNA sequences, comprising:
a. determining a sequence of amino acids from a sequence of nucleotides;
b. determining a sequence of chords in response to the determined amino acid sequence;
C. generating a sequence of tones in response to the nucleotide sequence encoding the amino acid of



each determined chord; and
d. generating musical output comprising the determined chords and tones.

6. The method of claim 5, further comprising:
a. determining codons within the received DNA sequence; and
b. synchronizing the harmonic generator in response to the determined codons.

7. The method of claim 5, further comprising generating a music signal in response to the generated melodic
and harmonic sequences.

8. The method of claim 7, wherein the music signal is an audio waveform.

9. The method of claim 7, wherein the music signal is a musical command sequence.

10. The method of claim 5, further comprising:
a. classifying the determined amino acid according to a chemical property of the determined amino acid; and
b. determining the chord in response to the classification of the amino acid.

11. The method of claim 5, wherein the melodic sequence is further generated in response to the determined
amino acid.

12. A DNA transcriber for generating music, comprising:

a. means for generating a harmonic sequence that is configured to receive a nucleotide sequence, determine
an amino acid that is defined by a three-segment nucleotide sequence, and determine a chord in response to
the defined amino acid, whereby a harmonic sequence is generated in response to a succession of defined
amino acids; and

b. means for generating a melodic sequence that is configured to receive the nucleotide sequence and the
chords generated from the determined amino acid sequence, and generate a melodic sequence of tones in
response to the received nucleotide sequence within the determined chords.

13. A data carrier comprising the musical output of claim 5.
14. A consumer product comprising the data carrier of claim 13.
15. The consumer product of claim 14, wherein the product is a greeting card.
16. The consumer product of claim 15, wherein the greeting card is an e-card.
17. A method for comparing genetic sequences comprising:
a. generating a first and a second music sample using the method of claim 5;
b. comparing the first and second music samples;

c. generating an audible signal when the first and second music samples differ; and
d. correlating the audible signal with a difference in the compared genetic sequences.

18. An apparatus comprising:

a. a polynucleotide transcriber for receiving a polynucleotide sequence and determining therefrom a
sequence of nucleotides and a sequence of amino acids wherein each amino acid is encoded by a
triplet of said nucleotides;

b. a harmonic generator for selecting a chord in response to a chemical property of a first determined
amino acid of said encoded amino acid sequence;

c. a melodic generator for selecting a first tone of the selected chord in response to a first nucleotide of

the triplet encoding the first determined amino acid and for selecting a second tone of the selected
chord in response to a second nucleotide of the triplet encoding the first determined amino acid; and

d. an output generator for generating musical commands in response to the selected chord and the

selected tones.

19. The apparatus of claim 18, wherein the chord comprises four tones, each tone being associated with a
specific
nucleotide.



20. The apparatus of claim 18, wherein the melodic generator selects a third tone of the selected chord in
response to a third nucleotide of the associated nucleotide triplet.

21. The apparatus of claim 18, wherein the harmonic generator selects a subsequent chord in response to
a chemical property of a subsequent amino acid.

22. The apparatus of claim 21, wherein each measure is in % time.

23. The apparatus of claim 18, wherein each triplet corresponds to one measure in the generated musical
commands.

BACKGROUND OF THE INVENTION

Genetic material identifies the characteristics that are common to living organisims, as well as unique
characteristics of every individual plant and animal. The recent acceleration in our knowledge of specific
sequences as well as total genomes has also provided tools for rapidly obtaining this information from a small
sample of biological material. Numerous products and methods can now take advantage of this pool of
knowledge, adapting the genetic material into novel and interesting new products.

Genetic material includes nucleic acid sequences, DNA and RNA, that are arrangements of four different
nucleotides, Adenine (A), cytosine (C), thymine (T), and guanine (G) are the building blocks of a DNA
sequence. Much of the DNA in an individual genome encodes the amino acids of specific proteins using a
triplet codon of nucleotides to code for each specific amino acid, as well as to signal the start and stop of the
encoded protein. Non-coding DNA includes regulatory sequences and signals for the processing of the coded
messages. The data stored in an individual's genome can be determined by various known sequencing
methods, and this data can then be tapped for a variety of purposes, including individual identification,
medical diagnosis, and the like.

SUMMARY OF THE INVENTION

The present invention takes advantage of the advances in genetic sequence knowledge and provides a
creative solution to analysis of sequence data. In the present invention, genetic sequence data is converted
into music characteristic of the individual sequence provided. This genetic music is useful in a variety of
products, including medical diagnostics, security identification systems, novelty items such as greeting cards,
and the like.

DETAILED DESCRIPTION OF THE INVENTION
Definitions:

As used herein, the following terms are intended to have the noted definitions.

¢ “melodic sequence” is a signal containing melodic information.

e “harmonic sequence” is a signal containing musical harmonic information.
“chord” is musical information comprising notes of typically three or more intervals.
“transcriber” is an apparatus configured to receive one data signal and transcribe that data signal into
a different data signal; in the present invention, the received DNA signal is transcribed into a musical
signal.

e “generator” is an apparatus configured to generate a data signal; in the present invention, a musical
signal is generated.

e ‘“decoder” is an apparatus configured to decode a message within a data signal; in the present
invention, the received DNA signal is decoded to determine an amino acid signal.

¢ “music signal” is the music product generated from the data stream; in the present invention, the
music signal is generated from received DNA sequence that is decoded and may be melodic music,
harmonic music, or a combination of these.

e “audio waveform” is a digital or analog signal conveying an audio “recording” of the intended music.

¢ “musical command sequence” is a sequence of commands for a generator (such as a synthesizer) to
generate music according to the command sequence.

e ‘“data carrier” is an apparatus configured and adapted to carry a data signal; in the present invention,
a data carrier may be an electronic medium such as a computer, a compact disk (CD), and the like.

e “consumer product” is a product purchased and/or used by consumers.



e ‘“clinical analyzer” is an apparatus configured to analyze data from patient samples.

Genetic Material

Genetic material is contained within cells in genomic DNA. The nucleotide bases of genomic DNA (A, C, T,
and G) encode the twenty amino acids that are the builiding blocks of proteins, as well as signals for start and
stop of the three base codon translation into amino acids. In the cell, the code within the genomic DNA is
copied to messenger RNA, where the nucleotide thymine (T) is replaced with uracil (U). In artifical systems,
the messenger RNA can be obtained from cells and converted into DNA as a copy of the RNA message,
called cDNA. Genomic DNA contains additional signals that are not part of the coding sequence.

The codon table below shows the code for translation of DNA triplets into amino acids.

Firss T/U C A G Last
CODON TABLE

T/U Phe Ser Tyr Cys T/U
Phe Ser Tyr Cys C
Leu Ser Stop (Ochre) Stop (Umber) A
Leu Ser Stop (Amber) Trp G

C Leu Pro His Arg T/U
Leu Pro His Arg C
Leu Pro GIn Arg A
Leu Pro GIn Arg G

A lle Thr  Asn Ser T/U
lle Thr  Asn Ser C
lle Thr Lys Arg A
Met Thr Lys Arg G

G va Ala Asp Gly T/U
va Ala Agsp Gly C
vVa Ala Glu Gly A
vVa Ala Glu Gly G

Sequencing

DNA can be sequenced from a variety of cell samples, including blood, hair, nail clippings, cheek cells, and
the like. Known methods include didioxy sequencing, PCR sequencing, and the like. Random pieces of DNA
extracted from cells may be sequenced, or specific portions may be isolated and sequenced, for example by
targeted PCR amplification of a particular region of the DNA. Once the sample has been sequenced, it can be
stored, for example, in an electronic data carrier, for transmission to a DNA transcriber for use in generating
music according to the present invention.

Music

A musical composition is a collection of music notes that can include a melody, harmony, tempo, rhythm,
volume, and the like. Depending upon the algorithm applied to a data stream, synthetic music can be
generated in a variety of ways from simple to complex. In the simplest method, each of the DNA nucleotides
A, C, T, and G can be assigned a specific musical note. The data stream of nucleotides can then be
transcribed into a data stream of musical notes. Alternatively, the nucleotide sequence can first be decoded to
an amino acid sequence, whereby the twenty amino acids can be each assigned to a specific musical note.
Variations can be used to produce chords, to specify rhythms, tone, volume, to generate melodic music and
harmonic music, and the like.



As shown in FIG. 1, according to the present invention, a data stream of nucleotides of a DNA sequence is
provided to a decoder. The decoder detects specific nucleotide sequences that may be recognition signals,
enzyme recognition signals, promoter sequences, and the like. The decoder may also detect a coding
sequence, for example a sequence having an open reading frame with start and stop signals, and intervening
codon sequences. The DNA sequence received by the decoder is processed according to one set of
recognition sequences and transcribed by a melodic sequence generator into a melodic sequence in
response to the received DNA sequence. The decoder further processes the received DNA sequence into an
amino acid sequence according to the identified triplet codon series, and conveys information related to the
determined amino acids in a signal. In one embodiment, the harmonic sequence generator determines a
series of chords according to the determined amino acid. The harmonic information can be used by the
melodic sequence generator to develop a melodic sequence. Further, the harmonic sequence generator can
identify chemical properties that are associated with the determined amino acids. The melody and harmony
generated are then processed into a music signal by a music signal generator.

As shown in FIG. 2, in one embodiment, a melodic sequence is produced from the decoded DNA sequence
by assigning each nucleotide to a chord position converter. The chord information is adjusted by an internal
adjuster to produce a series of notes to generate a melodic sequence. The adjuster may use harmonic
sequence information to assign notes in the melody as chord tones or passing tones.

As shown in FIG. 3, in one embodiment, a harmonic sequence is produced from the decoded DNA
sequence by classifying each amino acid identified from the DNA sequence. The classification can be
according to a chemical property (such as “hydrophobic” or acidity) and/or simply by the amino acid name.
The classification data is converted into chord types by a chord type selector that selects chord roots to
produce a harmonic sequence. At the same time, the chord type and root selectors provide chord information
that can be applied to the adjustment of data to obtain the melodic sequence, as shown in FIG. 2.

As shown in FIG. 4, the melodic sequence and the harmonic sequence are received by a music output
module to produce the product music signal. The music signal may be an audio waveform that can be played
on commercial music players or music command sequences (such as MIDI files or data streams) that can be
used to control devices that generate music (such as musical synthesizers).

Products

The music signal generated from the genetic data can be used in a variety of consumer and industrial
products and methods. For example, novelty products such as greeting cards, genetic music CDs, and the
like can incorporate a person's individual music generated from their own sample of DNA. The specific DNA
sequence can be provided to a company for generation of the genetic music. Alternatively, a sample
containing the genetic material can be provided for sequencing and generating the music.

Useful products include individual identity analysis, for example, for security checking, paternity testing, and
the like. The music generated by an individual sample can be compared with a control sample. An identity
analyzer can be configured to provide an audible signal for a specific comparative result, for example, if the
sample and the control differ, e.g., signalling an alarm in a security setting, or when they are the same, e.g.,
adding excitement to live television coverage of paternity determinations.

Clinical analyzers that compare sequences of patient samples with controls may be programmed to provide
soothing melodies when the sequence is “normal” and to provide an audible, for example, discordant music
when an “abnormal” sequence is detected. Such signals can provide a signal for the clinical technician to alert
a physician to the difference in the sequence.

The above specification, examples, figures, and data provide a complete description of the invention. Since

many embodiments of the invention can be made without departing from the spirit and scope of the invention,
the invention resides in the claims hereinafter appended.
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