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NYMPHAEA LOTUS GENOME SEQUENCE
TRANSFORMATION INTO MUSIC USING DNA
DATABASE

Abstract. The genetic music creation approach has been considered. Deciphering DNA sequences is based
on the author’s algorithm. Appropriate software targeted on reading the genome sequence and translating it to a
sound series has been written.

The use of random numbers in the musical composition makes it possible to get a musical signal that is original
in structure but a little bit monotonous in its texture. With the aim of making it more interesting and eliminating the
triviality of the musical score, which is a consequence of the automation of the music composition, a digital filter
based on the solution of a linear differential equation in fractional derivatives operated by randomly changing the
order of a fractional derivative (according to Caputo in a form of activation function of the neural scheme) is used.

Listener and creator parts of the extended version of “Aquarius” software now embrace the duality principle

known in electrotechnics and applied physics.
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INTRODUCTION

As Wikipedia [1] states, “Nymphaea lotus,
the white Egyptian lotus, tiger lotus, white lotus,
or Egyptian white waterlily (fig. 1), is a flowering
plant of the family Nymphaeaceae...” In ancient
times the Egyptian lotus was worshipped, espe-
cially in Egypt. It was considered a symbol of crea-
tion there. In Ancient Greece, it was a symbol of
innocence and modesty. The Egyptian lotus is the
national flower of Egypt. It is also an element of the
Coptic flag”. Lotus is a symbol of Buddhism; also,
“the lotus flower is revered in Japan for its ability
to rise from the dirty, murky waters to bloom into
a beautiful pure flower. This process symbolizes
attaining enlightenment. The idea is that we can

Fig. 1. Nymphaea lotus

rise above human suffering in the same way as
the lotus by moving from the lowest to the highest
state of consciousness” [2].

To listen to this hidden music of Nature, it is
needed to translate the original 4-note harmony to
any desirable classical musical harmonies (scales).
In this research, a diatonic harmony in C major
scale is being used, though it could have been
any other one, including a chromatic, pentatonic,
natural or harmonic minor, etc.

In fig. 2, general info of the complete genome
of Nymphaea lotus chloroplast is represented
[3; 4]:

A specific fragment chosen manually will be
investigated and translated into music in this re-
search. By applying the highest possible zoom, the
series of nucleotides can be seen for any desired
code segment (Fig. 3):

So, thymine (t), adenine (a), guanine (g), and
cytosine (c) are the four chemical bases that make
up the genetic code of our DNA fragment.

ACTUALITY OF THE TOPIC

New methods of musical composition are
always a very desirable subject of studies in the
world’s scientific, educational, psychological, and
musical societies. Also, it’s of great importance to
create novel ways of generating music’s perception
and understanding. For these reasons, and not
only these, the theme of the scientific investigation
is also approximately up to date. Also, novel pecu-
liar machine learning algorithms are very welcome
by today’s science related to the niche, since the
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Fig. 2. NCBI database Reference Sequence: NC_041238.1

[ Nymphea Lotus - 312 rbosomal protein $12 [ Nymphaea lotus 1b¢ E3 I

777 46561 aggagaatac tagcggattt gatctttctt tccttcectttc tatttctata gtagagatag
78 46621 tcgcacgtaa tggcagatca cggccatatt attagaagct tgtggtaaga atggatttcg
%) 46681 ttctagtgct cgaaaataat attccaaagc cttcgtatgt tctccgttac ttgtgtgtat

Fig. 3. A particular segment of NCBI database Reference Sequence: NC_041238.1

branch being uncovered seems to have been ex-
periencing its second or even third birth.

RESEARCH PURPOSE

The development of an implementation of a
biotechnical software automated control system
intended for creating sound sequences from DNA
nucleotide sequences — has been achieved.

RESEARCH PUBLICATIONS

The theoretical method of protein music, DNA
music, or genetic music (different names are in
active use) was developed by American physicist,
composer, and mathematician Douglas Richard
Hofstadter [5] in 1979 in his book “Godel, Escher,
Bach: An Eternal Golden Braid” [6]. The connection
between music (composing) and mathematics is
well shown in [7; 8]. In [9] has been investigated
fractional calculus application for different applied
problems. Techniques for automatic music compo-
sition using machine learning (genetic algorithms),
and some practical applications of this technology
are listed in [10-17; 19].
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Fig. 4. a) The structural scheme of NN; NS —
main neural scheme; L — listener; C — creator;
b) Detailed NS of the electronic composer

Structural scheme. In fig. 4 a, a structure
of the neural network scheme (NS) has been pre-
sented, upon which the main and some additional
algorithms of classical electronic music creation
software can be used.
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Mathematical algorithm. It has been previ-
ously described in [18] and is available online for
free.

Practical realization. The NS in greater detail
has been shown below (fig. 4 b):

Here:

1) The block of operating actions BOA (the
subblock of translation operators, the subblock of
transfer function).

2) The sensor of a medium condition (SMC).
The given block is the recipient and the analyzer
of an entering signal, which generally can be both
digital and analog.

3) The sensor of an object condition (SOC
studies the influence of ACS on object control —
the brain of the patient).

4) A digital-to-analog converter (DAC) is nec-
essary for transforming analog initial signals (if
any) into digital ones. In the case of a digital initial
signal, this block is subject to elimination.

5) The module of estimation of the object con-
dition (MEOC) treats the digital signal received
from SOC and supplements a database of the ob-
ject condition.

6) The module of estimation of the medium
condition (MEMC) treats the digital signal received
from SOM and supplements a database of a me-
dium condition.

7, 8) The database of medium condition (DMC)
and a database of the object condition (DOC) are
necessary for regulation of the BOA signal.

9, 10) The database of control algorithms
(DCA) (stores a population of feedback signal
translation operators, which can be used for syn-
thesis of advanced audio series) and a database
of the corresponding automation operators (3).

The control object (COT) in our case is the
brain of a person using the software developed.

Practical realization, pt. 1. A general equa-
tion connecting input (P), a weight matrix that can
be treated as a translation operator (W), and output
(A) is shown below. It works for any NS structure
possible (it’s given without taking into account
bias B).

Wi W2 o Wiy | D a

Wan |, | P2| _|%

Wyi Wya - Wyw| |Py| |9
Or, more specifically, depending on time t:
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5(;)N

Practical realization, pt. 2. The use of ran-
dom numbers in the music composition (this was
mainly done for comparison and testing purposes
in a Creator block from fig. 4 a) — allows a com-
poser to obtain the original by its inner structure,
but it is somewhat monotonous in sounding a mu-
sical signal. To breathe into it a bit more sophisti-
cation, and for the reason of elimination of factor
of triviality that could be perceived as inevitable
automation consequence of the music process,
it was decided by the author to use as a transfer
function a digital filter built on a solution to a linear
differential equation in fractional derivatives (by
Caputo) (1) with initial conditions (2):

(DD y(x) +a(x)y(x) = f(x) (1)

y0) =y, 0<x<X, 0<pB(Q)<], (2)
where:
. 1 3 n-p)-10y" (7)
CDﬁ(Q) _ o ,
oD y(x) T p) .([(x 7) o

n-1<f<n

and

L(n-p) = je*’t"*ﬂ*dz, Re(n—f) >0,
0
¥(x) — the desired output of a musical signal.

Qin (1) is a random value with a certain distri-
bution, each time chosen uniquely for each musical
piece written. So, in equations (1-2), the order of
fractional derivative is operated by realization of a
random process.

Also, here one can use an automation operator
to convert the input signal, presented in a complex
form, into a target sound series by multiplying the
first one by a random process’ realization-depend-
ent functions’ fla), f(1), Q) impacted phase factor
y.

Genome-based music synthesis. The de-
coded by a Listener block from fig. 4 a (with the
help of an extended version of “Aquarius” software)
sequence fragment of the Nymphaea Lotus Chlo-
roplast SB12 genome is presented in fig. 5:

CONCLUSION

Genetic music can be composed by using the
software technology proposed, which seems to be
today a somewhat new approach in the scientific-
psychological-musical world. Also, created before
and developed in this research, automatic music
creation techniques can help to maintain a balance
between listening (to music) and its creation, which
is important, because a human being has been
given both ears and a voice.
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Fig. 5. The score of Nymphaea Lotus (diatonic harmony, C major scale)

The sound of the genetic music decoded from
the DNA sequence of Nymphaea lotus is a surpris-
ingly specific one. It could be applied not only for
the direct objective of the research but also for
strategic genome sequence research for many
different biological organisms. Further investiga-
tions should be performed to understand its nature
better (up to a point), but at a first glance a hypoth-
esis can be made that the origin of this decrypted
series is not quite random but instead perhaps pre-
meditatively created by Nature with a certain aim.

“Aquarius” software, created by the author of
this publication before, now has a “subdivision” —
a specialized subroutine A.1, designed for DNA
music deciphering, presentation in the form of a
classical musical score, and afterwards playing it
with a musical instrument or instruments, or sing-
ing (upon the desire of a happy possessor).
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0. B. BULLHIBCbKWM, kaHg,. TexH. Hayk, OO,

TPAHC®OPMALLIA FEEHOMY NYMPHAEA LOTUS B MY3UKY 3 BUKOPUCTAHHSIM
BA3U JAHUX AHK

Pe3iome. Y cTarti po3risHyToO nigxig 40 CTBOPEHHSI reHeTU4HOoi my3ukn. Po3wwmngpposka nocaigoBHocTi AHK
FPDYHTYETbLCSI HA OPUriHasIbHOMY aBTOPCbKOMY anaroputmi. Po3pobieHo BiarnosiaHe nporpamMHe 3abe3rneyqyeHHs, 1o
CrpsIMOBaHe Ha 34UTYBaHHSI HyKJ1€OTUAHOI MOCAi4OBHOCTI FEHOMY Ta Vioro TpaHcpopmMadito B AiaTOHIYHUIA 3BYKO-
Bui psig.

BukopucTtaHHs BUNagKkoBuUX YNCES Y MY3UYHIA KOMMAO3ULUIi Aae 3Mory oTpumMat My3UYHWUN CUrHasl, Lo €
opUriHanbHUM 3a CTPYKTYPOIO, NPOTe AeLi0 MOHOTOHHUM 3@ CBOEID TEKCTYPOto. 3aass Toro, o6 3pobutu 1oro
UikaBiluMM Ta YHUKHYTU TPUBIANIbHOCTI MY3UYHOI napTuTypu, LLLO MOXe OyTu pe3ynbTaTtoM asToMaTu3awii My3nyHoi
KOMIMO3uLii, BUKOPUCTOBYETLCS LndpoBu pisibTp (y popmi pyHKUII akTuBaLlii 3aCTOCOBYBaHOI HEVIPOHHOI cxemu)
Ha OCHOBI PO3B’SI3aHHSI NIHIHOro AN epeHLialbHOro PiBHSIHHS 3 AP060BMUMY NoXigHUMu (3a KarnyTo), nopsgok
AnpepeHUitoBaHHS SIKOro PerytoeTbCsl BUNaaKoBUM YUHOM.

Po3pobieHi 610kn po3LumpeHoi Bepcii nporpamMHoro 3abearneyeHHss Aquarius — «Cnyxay» i «<Kpeartop» — Tenep
OXOMJ/IOIOTh MPUHLMM Ayanidamy, BiAOMU B €/1eKTPOTEXHILI Ta NPUKAaaHI @Qi3nLi.

KnwouyoBi cnoBa: reHetnyHa myauvka, HK-my3uka, nporpamHe 3abe3nedyeHHs A My3ndHOi KOoMno3uuii, Heli-
POHHa Mepexa.
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M. B. NOTOLbKUN

LUTYYHWUW IHTEJIEKT B IT: IHHOBALII, ETUKA
TA BIMJIUB HA BISHEC

Pe3tome. Y cTarTi pO3KPUTO iIHHOBALIVHWI NOTEHLias TEXHOJIOIV LUTYYHOr O iHTE/EKTY B iIHpOpMaLiviHUX TEXHOJI10-
risix, npu LUbOMYy yBary 30CepeaxeHo Ha ixHboMy BrimBi Ha Gi3Hec-cepenoBuLLe, CyCrnislIbCTBO Ta €TUYHI acrekTu
BPOBAAXEHHS. 3AINMCHEHO KOMIMJIEKCHW aHai3 Cy4acHuX niaxonis 40 BUKOPUCTAHHS LUTYYHOIO iIHTEIEKTY B /10~
6asibHOMY Ta HalioHaIbHOMY KOHTekcTax. Ha ocHoBi SWOT-aHaniay BU3Ha4eHo CusibHi CTOPOHU YkpaiHu, 30kpema
BUCOKUI PIBEHb TEXHIYHOI MNiAroToBKy axiBuiB i AMHaAMIYHUI PO3BUTOK IT-CeKTOpy, a TaKkoX KJI04OBI 3arpo3u 1a
BUKJIMKN: HOPMATUBHO-PaBOBY HEBPErY/1bOBaHICTb, HU3bKY LUNGPOBY rPaMOTHICTb Ta IHCTUTYLiVIHYy HecTabib-
HicTb. OKpemy yBary rnpuaineHo eTUYHUM acrekTaM 3aCTOCYBaHHS LUTYYHOIrO iIHTEJIEKTY, BKJIOYAYY PUIUNKU 4J151
npuBaTHOCTI, MPO30POCTI airopPUTMIB | AUCKPUMIHALIVIHUX HAaCaiaKiB. AHani3 MiXXHapoaHOro 4ocBiay rnokalas
HeobXxigHicTb aganTayii rnobasbHUX eTUYHUX CTaHZapTiB A0 yKpaiHCbKux peasiii 3 ypaxyBaHHSIM KyJbTYPHOIO
Ta NpaBoBOro KOHTEKCTY. 3anporoHOBaHO MPakTUYHi pekoMeHaauii woa0 ¢oopmMmyBaHHS HaLioOHaabHOI cTparterii
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