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Ikuo Miura

DNA MUSIC OF HUMANS AND GIANT
SALAMANDER

The DNA genetic code, which is common to all organisms on the earth, and mu-
sic, a product of human intellect, share the same composition principle of repeti-
tious recurrence. Thus, DNA sequences can be transformed into musical scores.
In this article, I introduce one example of music generated from transforming
the genome sequences of humans and the giant salamander, a unique creature
inhabiting the Japanese islands.

Key words: genome, musical score, composition principle, repetitious recurrence.

In nature, male birds, frogs, and insects perform songs to attract fe-
males. The basic phrase of these songs is simple, short, and repeated. This
kind of song is commonly sung by many animals across the world. On
the other hand, words are a communication tool specifically developed
by humans. Word is described in the first part of the Gospel according to
St. John, “In the beginning was the Word, and the Word was with God and
the Word was God.” Thus, ‘word’ was present at the beginning of human
history. However, what about music? Music is believed to be a product
of human intellect; no other creature on Earth compose music, which is
more complex in structure and much longer than the songs of animals
that are produced to attract females. Above all, music has great potential
to relax, encourage, and impress humans, and cause them to become at-
tracted to their sexual partners, similar to that in other animals. Music is
an intellectual endeavor that is specific to humans.

All creatures in the world, including humans, are self-replicated.
The genetic information for each individual is described by their DNA,
which is called the ‘genome’and includes instructions to make up the body
and control the biological activities for living, such as metabolism, homeo-
stasis, and reproduction. The molecular structure of DNA was first unrav-
eled by Watson and Crick in 1953, who showed that genetic information
(or genetic code)comprises only four letters that represent four nucleotide
bases, namely, adenine (A), guanine (G), thymine (T), and cytosine (C).

© Tkuo Miura, 2018
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The human genome is composed of 30 billion bases and was first decoded
in 2003. Since then, the genomes of numerous organisms from bacteria to
plants have been decoded and this approach is being extended to an in-
creasing number of organisms.

In 1986, Dr. Susumu Ohno and his wife Midori Ohno published
a paper on DNA music. They found that the DNA genetic code and mu-
sic share the same composition principle, a repetitious recurrence. Indi-
vidual genes in the genome have been duplicated and triplicated, often
to the point of redundancy; genomes can consist of numerous variously
truncated, base-substituted copies of the original primordial building
blocks' (Ohno, 1970; Ohno and Ohno, 1986). Likewise, music composi-
tion relies on the same principle of repetitious recurrence. In fact, you can
easily see this principle in ‘the Art of Fugue, composed by Johann Sebas-
tian Bach in the 1740s, which is a representative example and consists of
repeats of a simple phrase comprising just 13 notes. Accordingly, Ohno’s
finding indicates that base sequences of DNA can be transformed into
musical scores. Therefore, we can listen to music composed by translat-
ing the genomes of all creatures as well as humans. The genetic code is
written with four letters, while an octave of western music is written with
eight notes. Thus, one base needs to be transformed into one of two notes.
Ohno proposed a one set rule for the transformation of DNA sequences
into musical scores (Fig. 1). Purines (adenine and guanine) have a high-
er (heavier) molecular weight than pyrimidines (thymine and cytosine).
The four bases are, thus, arranged in the ascending order of A, G, T, C, ac-
cording to their complementary relationships of A to T and G to C. Two
notes were divided to one base: re and mi to A, fa and sol to G, la and si
to T, and do and re of higher octave to C. The choice of which of the two
notes to use depends on the composer.

Here, I introduce one example of DNA music from the human and
giant salamander genomes. Giant salamanders are a unique, unusual
creature in the world and are the largest living amphibians (1,5-1,8 m at
the maximum length) comprising of only three species. One of the three

1

Ohno S. Evolution by gene duplication. Springer-Verlag, Berlin, Heidelberg, New York,
1970; Ohno S., Ohno M. The all pervasive principle of repetitious recurrence governs not
only coding sequence construction but also human endeavor in musical composition. Im-
munogenetics. Ne 24. 1986. P. 71-78.
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species is found in Japan, normally in small rivers with clear water in for-
ests, or close to paddy fields (Fig. 2). We chose the gene HoxA13, which is
involved in finger formation (we wanted to listen to the music of the fin-
ger formation gene played with fingers on a piano). The 87 bases fragment
of the DNA binding domain encoding 29 amino acids, a functionally im-
portant region, was amplified and the nucleotide sequence (genetic code)
was determined. Consistent with Ohno’s observations, we identified six
repeats of a hexamer, including GAA, and then transformed the genetic
codes into musical scores according to Ohno’s one set rule” (Fig. 3). Next,
we determined the genetic codes of the same region of HoxA13 from hu-
mans and composed the musical scores as well. Twenty out of 87 bases
(23%) were different from those of the giant salamander (Fig. 4). You
can listen to and compare both of the two musical scores on our website’.
Further, we composed DNA music from two other regions of the giant
salamander genome: the mitochondrial non-coding region and ATPase®.
Finally, we decoded the 258 bases of repeated sequence included in
the nuclear genome of the giant salamander. Its function is unknown, but
around 600 thousand copies are distributed across the genome. The se-
quence is indeed repetitious because within the 258 bases, an octameris
repeated 12 times and each of two other phrases are also repeated twice
(Fig. 5). The professional composer Masamichi Sugi created a musical
score of the DNA sequence transformed in this study, as shown in fig. 6,
and you can listen to the music on the above website.

Music is a product of human intellect because other organisms do
not compose music. However, using Ohno’s one set rule, we can compose
music from the genetic codes of all organisms in the world. I have intro-
duced these DNA musical scores to people in Japan, Finland, Australia,
and Russia since 2004. Most people enjoyed the music,while some were
against the idea, saying that this is an artificial product, rather than a sci-
entific one. Nobody knows what DNA music means in science and cul-
ture. However, we know that Ohno's idea is simply based on the shared

> Miura I. Musical composition based on the genome of giant salamander: Science,

romance and unknown world of life. Bioscience and Industry. Ne 63. 2005. P. 50-53.

> Hiroshima University Institutional Repository. URL: http://irlib.hiroshima-u.ac.jp/
en/00000134.

4 Ibid.
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composition principle of repetitious recurrence common to DNA and
music. We also know that DNA music can be beautiful, attractive, and
interesting.
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Figure 1. Ohno's one set rule to transform DNA sequences into musical scores
(modified from figure 2 from Ohno and Ohno, 1986).
One octave is boxed from re to next re.

Puc. 1. Ogno n3 mpasun OHO — npeo6pasoBanus nocnenoBatenbHocTy JHK
B MY3bIKaJIbHbIe MAPTUTYPHI (Mopudunmposanslit puc. 2 n3 Ohno
u Ohno, 1986). OgHa okTaBa MOMeIAeTCs B MPSIMOYTOIBHUK
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igure 2. Japanese giant salamander (Andrias japoicas). The picture is kindly
provided by Hiroshima city Asa zoological park.

Puc. 2. SInonckas ucnonuHckas canamanapa (Andrias japonicas). @ororpadus
M06e3HO IpefoCcTaBIeHa 300/I0TMYeCKIM TapKoM Aca ropoga XupocuMbl
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Giant raalamanden
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Figure 3. Musical score, transformed from the giant salamander HoxA13
gene sequence. Bases are shown below notes, and amino acids are shown
as one letter below bases. Hexamers are indicated by a bar; GAA is indicated
by a closed bar. Other repeats are underlined.

Arranged by Trevayne Fernandez.

Puc. 3. My3sbIKanbHas MHTEPIIpeTAysA, TPAaHC(HOPMIPOBAHHAA U3
IIOC/IeJ0BATEIbHOCTY T€HOB MCIONMHCKOM camaMaHapbl HoxA13. OcHoBaHM:A
IIOKa3aHbI HIDKE IPYMEYaHVSIMY, 8 aMUHOKVC/IOTHI ITOKa3aHbI OJJHOIT OYKBO

Hipke ocHoBaHMIL. lllecTnOyKkBeHHMKN (TeKcamepbl) 0603HaYeHbI IOTIOCKOT;
GAA o603HavaeTcs 3a/1MTOI MOTOCKOIL. [Ipyrue moBTOPBI MOAYEPKHY THI.
Apamxuposuuk: Tpesaitn @epHanyec



DNA music of humans and giant salamander 101

Human
Cm Gm(Bﬁ) Aﬁmajor 7 G7 Cm F
[ o WP " = -
G | =
[}) . L-
GAACTT GAACGG GAATAC
| | |
E L E R E Y
G7 Cm Cm B® A Fm A Ddim 7
A Py ]
(Y gV o] Nl % e |
- B e }
s P Pl
[Y) 4 -
GCCA CCAA TAAA TTCATTACT AAGG AcC
]
i N } F \ i i f D
Fm G7 Cm 6m(B% APmajor7 FM  Cm  Daim7 Cm Fm®
_Aebk gl —F. # ) .
o Y = = P D
[Y)
AAAC GGAGGC GGATAT CAGCCACGAC
— | | | . ——

R R R \ - T T

cm 6mB%» A° E¥G) Fm 67 Cm
A y ] 2

b . ®
Y P ?
(gs b =1 ® A I ) 74 P
p) ) ¥

LY

GAATCTC TC T G AG CG G
N L S E

Figure 4. Musical score, transformed from the human HoxA13 gene sequence.
Abbreviations are the same as in Figure 3. The bases that are different
from those of the giant salamander are indicated in red.

Arranged by Trevayne Fernandez.

Puc. 4. MysbikanbHas ¢pasa, TpaHchopMuUpoOBaHHAs U3 TOCTIELOBATETBHOCTY
reHoB HoxA 13 yenoseka. CokpallieHus Te e, YTO U Ha puc. 3.
OcHoOBaHMA, KOTOPbIE OT/IMYAOTCA OT TAKOBBIX Y MCIIOIMHCKOV CajlaMaH[IphbI,
0003HaYeHbI KPACHBIM I[BETOM.

Apamxuposuiuk: Tpesaitn @epHaHfec
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AGATAAGGTTGCAGAGCAACAAAAGAGAAAAAAAGTGAAGAAATGCGGGGAGATAAGTTTGCAAT

.................................. F 4.
TCAACCTTATCTCACCCCCCCTTTGGCATTGCCATTGCCACCTCAGATTGCATCATGTGTGACAT
"""" = < T 0 |

CACTCATGACATCATTGATGACATCATAGGTGACATCACATATGACCTGACCAAGGACATCACCA

ATGACATCACTGATGACATCACATATCACATCACCAATAACATCATCAATGACATCACTTCTG

Figure 5. Repeated sequences isolated from the nuclear genome of the giant
salamander. Within the sequence, repeated units are indicated by solid
and dotted lines as well as open bars. Octamers, which are repeated 12 times,
are indicated by green bars. Partial palindromes (the two sequences
are complementary to each other if read from the starting ends of the arrows)
are indicated by arrows.

Puc. 5. TloBTopstomecs: IOCIeN0BaTeIbHOCTY, BbI[Je/ICHHbIE U3 SITEPHOTO
reHoMa VICIIOJIMHCKOI caslaMaHAphl. [loBTopsromuecs 6710ku BHYTpU
TIOC/IEIOBATEIbHOCTY 0003HAaUYEHbI CIIOUTHBIMY M TYHKTYPHBIMY TVMHWUAMY,
a TaK)Ke He3a/IMTBIMU IT0/TI0CKaMy. BocbMuOyKBeHHbIe coueTaHms (OKTaMepsl),
KOTOPbIE MTOBTOPSIIOTCs 12 pas3, 0603HaYeHbI 3eJIEHbIMI [TOJIOCKAMI.
YacTuyHble MaTMHAPOMBI (IBe MOCTIeN0BATENbHOCTY, TOMOTHSIIONE IPYT
IPyTa, eC/IV OHM CYUTBIBAIOTCS CO CTAPTOBBIX KOHI[OB CTPEIOK) 0003HAYSHBI
CTpeKaMu
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L‘QV() -
Figure 6. Musical score of repeated sequences of the giant salamander.
A professional composer, Masamichi Sugi, transformed the DNA sequence.

Puc. 6. My3bIKanbHasA MHTEPIPETALs TOBTOPSIOMINXCS
IIOC/IeIOBATENbHOCTEN Y MCIIOJIMTHCKON CalaMaHpBL.
[TocneposarensHocTh [JHK mpeo6pasosana npodeccuonanbHbIM
KoMI1o3utTopoM — Macammun Cyru.



lkyo Munypa (nepesog 1. 6uon. H., mpo@. B. JI. Bepmmanna)

MY3bIKA THK YEJTOBEKA U MCIIOJIMHCKOMN
CAJTAMAH/IPbBI

lenetnuecknit ko [JHK, koTOphIi sAB/IsieTCS 0OIMM i1l BCEX OPraHM3MOB Ha
3emsie, M MY3bIKa, IPOAYKT 4€/I0BEYECKOr0 MHTE/IEKTA, UMEIOT OfMH U TOT Ke
KOMITO3MIIVIOHHBI TPVHIINII TOBTOPSIONIEICS MOCTIeR0BAaTeNbHOCTY. TakuM 06-
pasoMm, nocregoBarenbHocT JJHK MoryT 6bITh MpeoOpa3oBaHbl B MY3bIKaJIb-
Hble MIAPTUTYPHL. B 3T0I cTaTbhe A MPEACTABIAK ONVH IPUMEP MY3bIKY, CO3/IaH-
HOJI B pe3y/ibTaTe TpaHChOpMAIUy T€HOMHBIX IIOC/IEOBATEIbHOCTEN JTIOfei
VI ICIOJITHCKOY CaJlaMaHJPbl, YHUKATBHOTO CYyIecTBa, oburariero Ha SmoH-
CKIX OCTPOBaX.

KnroueBbie crmoBa: 2eHom, MY3blKATbHAA napmumypa, npuﬂuun KomMnosuuuu,
nosmopAaruuecs nocnedosamenvHOCMu.

B nmpupope camibl ITUL, IATYIIEK ¥ HACEKOMBIX VICIIO/IHAIOT II€CHU JI/IA
npuBiedeHus caMok. OcHOBHas1 pasa 3TUX IMeceH MPOCTa, KOPOTKA U
HNOBTOpsieTCs. Takasi mecHs OOBIYHO MOeTCS MHOTMMU >KMBOTHBIMM IO
BceMy Mupy. C gpyrom CTOpOHBI, CI0OBa — 3TO MHCTPYMEHT KOMMYHN-
Kalll, CIIeanbHO pa3paboTaHHbIil moabMu. CIOBO OIMCAHO B IIEPBOIL
r1aBe EBanremns ot VMoanna: «B Hayane 65110 CroBo, u CnoBo 6b110 ¥
bora, u CnoBo 6bu10 bor». Takum 06pa3om, «CIIOBO» IPUCYTCTBOBAIIO
B Hayajie 4enoBedeckon mncropum. Ho kak nHacdeT mysbiku? Camraercs,
YTO MY3bIKa ABJAETCA NPOLYKTOM Y€T0BEYECKOTO MHTE/UIEKTA; HUKAKOE
Ipyroe CyIecTBO Ha 3eMJjie He COYMHAET MY3bIKY, KOTOpas CII0)KHee 110
CTPYKTYpe U JJIMHHEE, B CPABHEHNY C IECHAMM, KOTOPbIMI >KVBOTHBIE
IpUBJIEKAIOT caMoK. [Ipexie Bcero, Mysbika MMeeT OO/IbIIOe 3HAUEHNE
s oTAbIxa (paccrmabneHus), MOOUIPEHMsT M BOOAYIIEBICHUS JIIOZEI,
a TaK>XKe JI/IA NPUBJIEYEHNA CEKCYaJIbHBIX IIAPTHEPOB, aHAJIOTMYHO TOMY,
KaK 3TO BCTpeYaeTCsA y )XKMBOTHBIX. My3blka — 3TO MHTE/IJIEKTya/IbHas
paborta, XxapakTepHas Ji/isl JTIOfIeNt.

Bce cymjecTtBa B Mupe, BK/I04as JIOAEN, CAMOBOCIIpou3BopaATca. le-
HeTu4ecKass MHPOPMAIVA /I KaXXIOoro yemoBeka onuceiBaeTcs nx [JHK,
KOTOpasi Ha3bIBaeTCs «T€HOMOM» U BK/IIOYAaeT B ceOs MHCTPYKIUU IO
CTPYKTYype Tejla ¥ KOHTPOJIIO >KM3HEHHOI 6M0I0rnYecKoil akKTUBHOCTH,

© JVIxyo Mnypa (nepesop B. JI. Bepmnunna), 2018
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TAKOJi, KaK 0OMeH BeIecTB, TOMeOCTa3 1 pa3MHOKeHe. MoseKynsapHas
crpykrypa IJHK, Briepsoie packpbitas YorconoMm 1 Kpukom B 1953 1., 11o-
Ka3aja, 4TO reHeTudeckass MHPopManms (MaM TeHeTUYeCKuil Koj) Co-
IEPKUT TONBKO YeThIpe OYKBBI, KOTOpPbIE MPEACTAB/AIT CO00IT YeThIpe
HYK/IEOTUHBIX (a30TUCTBIX) OCHOBaHM:A, a VMMEHHO aJeHMH (A), rya-
HuH (G), TumuH (T) n nurosun (C). [enom yenoBeka coctout u3 30 Mypy
OCHOBaHMI 1 ObUT BrepBble pacumdponaH B 2003 1. C Tex mOp reHOMBI
MHOTOYMC/ICHHBIX OPTaHM3MOB OT OaKTepuil 10 pacTeHMI ObIIN JJeKOMN-
POBAHBI, U 9TO KacaeTcs BCe OOJIBIIETO IC/Ia OPTaHN3MOB.

B 1986 r. poxTop Cycymy OHo u ero >xeHa Mugopu OHo omry6mu-
KoBamu ctaTbio 0 My3bike JJHK. Oy o6Hapy>Xmmn, 4TO reHeTMYeCKIi
ko JHK 1 My3pIKa MMEIOT OAVMH M TOT >K€ IPMHUNII KOMIO3UIIUN, IIO-
BTOPAIOLIENCA NMocnefoBaTeIbHOCTA. OTAeIbHbIE T€HbI B TEHOME IIPOAY-
ONMMpPOBaHbI U AYIUIUIIVPYIOTCS, 9YaCTO B M3OBITOYHON CTETIeHN; T€HOMBI
MOTYT COCTOSITh M3 MHOTOYMC/ICHHBIX YCEYeHHBIX, CO3laHHBIX Ha Oase
KOTIUI OPUTHHAIbHBIX TIEPBUYHBIX «CTPOUTETBHBIX» 6710KOB'. TOUHO Tak
K€ MY3bIKa/IbHasl KOMIIO3MIIVIA ONMPAETCA Ha TOT JKe IPUHIII IOBTOPSI-
IoILelicA MOoCnefoBaTeIbHOCTA. PaKTNYeCKN Bbl MOXETE JIETKO YBUMIETD
3TOT MpuHIUI B cOopHuKe «VIckycctBo dyru» (Die Kunst der Fuge), co-
craBreHHOM VloranHom Ceb6actbssHoM baxom B 1740-x 1T M3 14 dyr n
4 KaHOHOB, KOTOPBII AIBJIAETCS IIOKa3aTe/IbHBIM IIPUMEPOM, T. K. COCTOUT
13 TIOBTOPEHMII TPOCTOII (ppassl, cocTosAmel Bcero u3 13 HOT (OCHOBHasA
teMa ¢pyru — 13 Hort). CrregoBarenbHo, 3akmodaer C. OHO, 6a30BbIe I10-
cnenoBarenbHocTy JJTHK MoryT ObITH mpeoOpa3oBaHbl B My3bIKa/lbHbIE
napTuTyphl. [1oaTOMy MBI MOXXEM YCIIBIIIATh MY3bIKY, COCTaBIEHHYIO
IIyTeM IIepeBOfia TeHOMOB BCeX CYIeCTB, a TaKXKe jtofel. [eHeTndeckmit
KOJI COCTOUT U3 YeThIpeX OYKB, @ OKTaBa 3aIla/{HOJl MY3bIKM COCTOUT U3
BOCBMM HOT. TakM 06pasoM, OHO a30TICTOE OCHOBaHME JO/DKHO OBITh
npeobpasoBaHo B Be HOTbL. OH NPENIOXWI OFHO IPABWIO IJIA IIpe-
obpasoBanms nocnegosatenbHocTeil JJHK B MysblkasbHbBIe TAPTUTYPHI
(Puc. 1). Ilypuns! (aneHNH U T'yaHVH) UMEIOT OOIBIIYI0 MOJIEKY/IIPHYIO
Maccy, YeM MUPUMVVHBL (TUMVH ¥ IUTO3uH). TakuM 0o6pas3om, yeTsipe

1

Ohno S. Evolution by gene duplication. Springer-Verlag, Berlin, Heidelberg, New York,
1970; Ohno S., Ohno M. The all pervasive principle of repetitious recurrence governs not
only coding sequence construction but also human endeavor in musical composition.
Immunogenetics. Ne24. 1986. P. 71-78.
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OCHOBAHIA PacloIoXKeHbl B opsAake Bo3pacTanud A, G, T, C B cooTBeT-
cTBUM C UX KoMIuleMeHTapHOCTbI0 — A ¢ T u G ¢ C. [IBe HOTBI COOTBET-
CTBOBa/IM OTHOMY OCHOBaHMIO: pe U M — A, pam conb — G, mamcu — T,
1 10 U pe 6oree BbICOKON okTaBbl — C. Bpibop Toro, kakas u3 JByX HOT
VICTIONb3YeTCs, 3aBUCUT OT KOMIIO3UTOPA.

B kadecTBe mpumepa s mpencrasnAnw obpasnsl Mysbiku JHK us
reHoMa 4Ye/loBeKa M MCIOIMHCKUX canaMasjp. VcronmHckas camamaH-
Ipa — YHUKaJbHOE M HEOOBIYHOE CYIIECTBO, MPENCTaBUTEIb TPYII-
IIbl CAaMBbIX KPYIHBIX HbIHE >KMBYIIUX XBOCTATBIX 3€MHOBOJHBIX (MaK-
cuManbHaA pganmHa — 1,5-1,8 M) M3 cemelcTBa CKprTO>Ka6epHI/IKOB
(Cryptobranchidae), cocrosero Bcero n3 Tpex Buaos. OguH 13 Tpex
BUIOB BCTpedaeTcs B SmoHum, o6utaer 0OBIYHO B HeOONBIINX peKax
C YMCTOI BOJON B jiecax Wiy BO/MM3Y pucoBbIX nonent (Prc.2). Mbl BbI-
opanmn ren HoxAl13, xoTopslit yrpasiasieT GOpMMpPOBaHMEM IIaiblieB
(MBI XOTe/M MOCTYLIaTh MY3BIKY r'eHa MOp(dOreHe3a IasblieB, VICIIOMHA-
eMyIo IajbliamMy Ha GopTennaHo). beur aMmmpuImpoBaH COCTOALNI
u3 87 ocHoBaumit pparment [JHK nomena, kogupyrommuit 29 aMUHOKNC-
0T (PYHKIVIOHATBHO Ba)KHON 00macTy, 1 OblIa OIpefie/ieHa ero HyKJe-
OTUIHAs IIOC/IENOBaTe/IbHOCTD (reHeTmdecKuit Kox). B coorBeTcTBUM C
HabmoneHuAMy C. OHO MbI UAEHTUOUIMPOBAIN IIECTh HMIeCTUOYKBEH-
HBIX TIOBTOPOB (rekcamepos), Bkimrouass GAA, a 3areM Tpancpopmmpo-
BajIi TeHeTH4YecKye KOJbl B My3blKa/IbHble TAPTUTYPBL B COOTBETCTBUA
c mpaBunoM OHo® (Puc. 3). 3aTeM MbI onpefiennIN reHeTUYecKre KObl
TOro Xe pernoHa HoxA13 y mofeil # Tak)Ke COCTaBU/IN MYy3bIKa/JbHbIE
naptutypsl. 20 u3 87 ocHoBauM (23 %) OBUIV OTIMYHBI OT TAKOBBIX Y IC-
TIONMMHCKON canaMaHzapsl (Puc. 4). Bel Mo)keTe IpOCTyIIaTh U CPAaBHUTD
o0a 5TMX MY3bIKaJIbHBIX NPOM3BeNeHMs Ha HamleM caiite’. Kpome Toro,
Mbl coctaBwmm JJHK-Mysbiky u3 aByxX Apyrnx o6macTeit TeHOMa MCIO-
NIMHCKOJ CcajlaMaHAPbI: MUTOXOH/PUAIbHOTO HEKOJVPYIOIIEro pernoHa
n AT®aspr*. Hakonern, Mbl pactmdpoBanu 258 0CHOBaHMII TIOBTOPSIO-
1ie¥ics MOCIef0BaTeIbHOCTH, BXOAALMX B s/IePHBI TeHOM VICIIONMHCKOI

> Miura I. Musical composition based on the genome of giant salamander: Science,

romance and unknown world of life. Bioscience and Industry. Ne 63. 2005. P. 50-53.

> Hiroshima University Institutional Repository. URL: http://irlib.hiroshima-u.ac.jp/
en/00000134 (mara obparmenus: 01.02.2018).

* Tam xe.
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camamaH/ipel. Ee QyHKIMA HemsBecTHa, HO 0K0/I0 600 ThIC. 9K3eMITIIPOB
pacrpeniefieHbl 110 BceMy reHoMy. IlocmenoBaTennbHOCTD [eVICTBUTENb-
HO IIOBTOPSETCH, IIOTOMY YTO B IIpefieNiaXx 258 OCHOBaHUII OKTaMepOB
(BOCBMMOYKBEHHBIX COUeTaHNIT) IOBTOpsAETCS 12 pas, u KaKaas U3 ABYX
npyrux ¢pas taxke moBropsercsa aBaxpsl (Puc.5). [Ipodeccnonans-
HbII1 Komno3uTop Macamuan Cyru cospian MysbikanbHyo naptuio JHK-
II0C/IeI0BATEIbHOCTH, TPAHC(POPMIUPOBAHHYIO B 3TOM MCCTIETOBAHNIA’.

Mysblka — IPOAYKT 4YEI0BEYECKOIO MHTEIEKTA, IIOTOMY 4YTO
JIpyTVie OpraHN3Mbl He COYMHAIT MY3bIKy. OTHAKO MCIIO/Ib3ys OFHO 3a-
manHoe mpaBuio OHO, MBI MOXKEM COYMHATDH MY3bIKY U3 T€HETUYECKUX
KOZIOB BCEX OPraHM3MOB B Mupe. S paccplian 3T My3bIKa/bHble IIapTH-
Typbl Ko/uteraM B Anonny, Ounnangun, Asctpanun n Poccun ¢ 2004 1.
bonpmmHCTBO r0fiel HaCcMaXKAanuch MY3SbIKO, B TO BpeMs KaK HEKOTO-
pble OBUIV IPOTUB TO UIEH, 3asIBUB, YTO 9TO UCKYCCTBEHHBIN MPOAYKT,
a He Hay4Hblil. HUKTO He 3HaeT, YTO MOXKET CKa3aTb, KAKOBO 3Ha4YeHIE
mysbiknu IHK B Hayke u kynbrype. Tem He MeHee, Mbl 3HaeM, 4TO UJes
OHO IPOCTO OCHOBaHa Ha 00IeM KOMIIO3VIIVIOHHOM IPYHIIVIIE TIOBTO-
pAOIIENiCA ITOCIel0BaTeIbHOCTY, XapakTepHoM miA JTHK 1 Mmy3sbiku. Ml
TakKe 3HaeM, 4To My3bika JITHK mMo>xeT 6BITh KpacuBoIi, 3aXBaThIBAIOIIIEN
VI UHTEPECHOIA.

brarogapaoctu

1 BbIpaKaro VICKPEHHIOK 0/1arOflapHOCTD CTYIEHTaM U IIperofiaBa-
TerAM Briciedt mxomnsl Xupocumbl KokyTaimknu (Snonns) 3a nocneno-
BarenbHbI aHamm3 u JOkno ®ykymoro n Kasymm Kysaxapa us 3oomo-
rMueckoro mapka Aca r. XupocuMBbl 32 COTPY/THUYECTBO B BBIIIOTHEHUN
VICC/IEIOBaHMA Ha UCIIONMHCKUX cajlaMaHfipax, u Tpesaitny ®@epHaHgecy
(ABcTpanus) 3a apaHXXMPOBKY U VICIIOJTHEHVE MY3BIKaJIbHBIX MAPTUTYP
Ha opTenmaHo.

> Tam xe.



