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Abstract
In this study, we aimed to illustrate the efficiency of correlation analysis of musical and genetic data for certain common 
ethnic and ethno-musical roots of mankind. The comparison of the results to archaeogenetic data shows that correlations 
of recent musical and genetic data may reveal past cultural and migration processes resulting in recent connections. The 
significance tests verified our hypothesis supposing that propagation of oral musical traditions can be related to early human 
migration processes is well-founded, because the multidimensional point system determined by the inverse rank vectors of 
correlating Hg–UCT pairs has a very clear structure. We found that associations of Hgs jointly propagating with associations 
of UCTs (Unified Contour Type) can be identified as significant complex components in both modern and ancient popula-
tions, thus, modern populations can be considered as admixtures of these ancient Hg associations. It also seems obvious to 
conclude that these ancient Hg associations strewed their musical “parent languages” during their migrations, and the cor-
relating UCTs of these musical parent languages may also be basic components of the recent folk music cultures. Thus, we 
can draw a hypothetical picture of the main characteristics of ancient musical cultures. Modern and prehistoric populations 
belonging to a common Hg–UCT association are located to very similar geographical areas, consequently, recent folk music 
cultures are basically determined by prehistoric migrations. Our study could be considered as an initial step in analysis of 
the correlations of prehistoric and recent musical and genetic characteristics of human evolution history.

Keywords MtDNA haplogroups and folk music correlation · Clustering · Ethnomusicology · Population genetics · 
Artificial intelligence · Rank correlation

Introduction

In this paper, we submit the first results of a study searching 
for correlating groups of genetic and musical characteristics, 
with the aim to reveal inferential ancient populations and 
“musical parent languages” attributed to these populations.

A main group of studies investigating correlations of 
human genetic characteristics with non-genetic data deals 
with geographical distributions of haplogroups (Jobling and 
Tyler-Smith 2003; Malyarchuk et al. 2010; Sharma et al. 
2009; Underhill and Kivisild 2007). Spearman’s rank cor-
relation of frequency of mtDNA-haplogroup R8 with geo-
graphic latitude and longitude coordinates identified the 
source area and the paths of prehistoric propagation pro-
cess of this haplogroup (Thangaraj et al. 2009). Henceforth, 
we use the abbreviation Hg for haplogroup. On the other 
hand, a similar study investigating rank correlation of the 
frequency of Y-Hg R1a1 with geographical coordinates 
found no reason to suppose a bulk migration from Central 
Asia to India (Sharma et al. 2009). A specific study found 
weak but remarkable correlation between caste ranks and 
different genetic characteristics in Southern India (Watkins 
et al. 2008).

Correlation analysis of genetic data proved to be an 
effective method supporting the assumption that the genetic 
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content of recent populations may be strongly influenced 
by early migration processes of certain ancient populations 
(Juhász et al. 2018). Several studies of genetic and geo-
graphic correlations carried out the migration processes of 
Neolithic Farmers starting from the Fertile Crescent in the 
7th–4th millennia BC (Haak et al. 2010; Szécsényi-Nagy 
et al. 2015). The assumption that similar and different lati-
tudinal clines of groups of mitochondrial Hgs at the Atlantic 
Fringe of Europe may refer to the migration on Neolithic 
farmers was verified by a correlation analysis of Hg frequen-
cies in the given area. The pair-wise correlations indicat-
ing larger groups of jointly propagating Hgs verified this 
assumption (González et al. 2002). Positive and negative 
rank correlations of Y-chromosomal Hgs J1 and J2 with 
annual precipitation revealed different migration processes 
of Neolithic farmer and pastoralist populations in the Near 
East (Chiaroni et al. 2008). MDS mapping of Hg frequency 
distributions of ancient and recent samples revealed different 
impacts of Neolithic farmer populations on various genetic 
regions in Europe (Hervella et al. 2012).

Beneath geographical distribution, the study of linguistic 
correlations with Hg frequencies is also a frequently stud-
ied subject in interdisciplinary correlation-based research 
in human population genetics. However, numerous results 
show less significant correlation of genetic data with lan-
guages than with geographic positions. The results of a 
study of the frequency distribution of mtDNA-Hg R7 in 
India show significant correlation with geography, but the 
linguistic correlation seems less significant (Chaubey et al. 
2008). Georgian and Kurd mtDNA sequence analysis also 
resulted in no significant correlation between languages and 
genetic lineages (Comas et al. 2000). A study of the genetic 
roots of Sicily and Southern Italy in a wider European and 
Near Eastern context also concluded that genetic contacts 
exceed cross-linguistic differences (Sarno et al. 2017). At 
the same time, rendering Indo-European languages into a 
phylogenetic tree and determining divergence times derived 
from evolutionary biology resulted in significant results sup-
porting the Anatolian theory of origin (Gray and Atkinsson 
2003).

In sight of these weak linguistic correlations, there 
emerges the basic question of this study: may oral musical 
traditions be more correlated with genetics? The presump-
tion that early migration processes determining the recent 
genetic contents of modern nations or geographic areas 
may also have an impact on the corresponding basal cul-
tural heritages became more and more realistic with the fast 
development of modern genetic and archaeogenetic data. 
The studies of the correlation between Eurasian as well as 
Taiwanese indigenous folk music traditions with the cor-
responding recent genetic characteristics, e.g. haplogroup 
frequency distributions, resulted in evidences of the inter-
play of genes and cultures (Pamjav et al. 2012; Brown et al. 

2013; Harvey 2018). At the same time, the dominance of the 
inherent, patrilineal or matrilineal transmission of the musi-
cal information in oral traditions was also demonstrated in 
African tribal cultures (Le Bomin et al. 2016).

A cross-cultural ethno-musicological comparison of folk 
music cultures lead to significant conclusions concerning 
cultural interactions in wide historical periods. In the first 
half of the twentieth century, the studies of Kodály and 
Bartók aiming to characterize the contacts of Hungarian, 
Central- and East-European, as well as Asian folk music 
cultures (Kodály 1971; Bartók 1949, 1976) initiated Bar-
tók’s presentiment: ‘By the way, I suspect that when folk 
music materials and studies in sufficient number are at our 
disposal, all of the world’s folk music will be traceable basi-
cally to a few primitive forms, primitive types, and kinds 
of primitive style’ (Bartók 1937). The idea of the descrip-
tion of different folk music cultures in a common structural/
anthropological framework was applied to compare different 
national/areal variants of European common folksong types 
(Wiora 1950), and also initiated the complex 37-dimensional 
“cantometric” system of Alan Lomax (1968). Using another 
approach, Bruno Nettl highlights some specific features of 
different areas to describe the variety of the oral musical 
traditions in Europe, America and Africa (Nettl 1965). The 
idea of a systematic, computer-aided comparative study 
arose in the 1950s and 1960s (Freeman and Merriam 1956; 
Csébfalvy et al. 1965), but the development of computing in 
the last decades opened radically new perspectives for this 
idea (Kranenburg et al. 2009; Schmuckler 1999; Müllensie-
fen and Freiler 2007; Juhász 2011).

In this study, we also apply a program system developed 
for the clustering of folk song databases on the basis of 
the melody contour (Juhász 2011, 2015). A melody con-
tour vector contains the time series of the varying pitch in 
the corresponding melody. The self-learning system called 
Self Organizing Cloud (SOC) derived from Kohonen’s Self 
Organizing Map (Kohonen 1995; Toiviainen 2000) and the 
non-metric MDS principles determines Unified Contour 
Type (UCT) vectors as the local condensation centres of 
the multidimensional point system of the melody contour 
vectors. Being in possession of these UCTs, any musical 
culture can be described by a multidimensional distribution 
vector containing the rates of own variants (national/areal 
melody types) of the UCTs in the given culture. It follows 
from this approach that our analysis focuses purely on the 
melody structure and does not integrate the viewpoints of 
other important related fields, e.g. history, ethnology, anthro-
pology, etc (Lomax 1968; Brown et al. 2013; Conklin 2013).

The question of correlations between different musical 
features was raised also in early studies (Fucks 1962), and 
an increased interest for this subject can also be detected in 
the contemporary research. Relationships of tonal and metric 
hierarchies in European classical music were studied using 
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correlation analysis of a large dataset (Price and Schmuck-
ler 2014). Analysis of music, language and genetics of Tai-
wanese indigenous tribes also showed strong correlations 
(Brown et al. 2013).

Genetically, our input data are 26-dimensional mito-
chondrial haplogroup frequency distributions of 50 modern 
nations/ethnic groups, as well as 39 ancient populations aris-
ing from a wide time interval between the Neolithic and the 
Middle Ages. At the same time, each of the 50 modern popu-
lations are also characterized by large folksong databases 
coded in a common digital notation form, taking the musi-
cal input database of the study (~ 51 000 melodies in sum). 
Using this 51,000 melodies as training set; the SOC system 
learns 100 UCT vectors. Thus, these 100 UCT vectors func-
tion as “musical haplogroups”, so our analysis is based on 
the 26-dimensional Hg-distribution and the 100-dimensional 
UCT-distribution vectors belonging to the 50 recent nations/
ethnic groups. In addition, we also have 39 Hg-distribution 
vectors of the ancient samples, to identify the inferential 
ancient populations obtained from the analysis, in similar 
realistic ancient populations.

Following the variation of the frequencies of the local 
variants of certain UCTs or Hgs, visual patterns could be 
identified showing gradual reduction from a central area in 
well identifiable directions. This may refer to the propaga-
tion of the corresponding UCT or Hg from certain “emit-
ting” cultures/populations to certain “admitting” ones.

However, it seems more obvious to speak of propagation 
of populations and their musical cultures, containing asso-
ciations of numerous Hgs and UCTs, rather than abstract and 
lonely Hgs or UCTs. Therefore, the main goal of our work 
is to reveal such jointly propagating Hg–UCT associations 
and identify them by comparing the resulting Hg contents to 
modern and ancient Hg distributions. For this purpose, we 
applied a mathematical tool based on an iterative rank cor-
relation algorithm simultaneously searching for such jointly 
propagating UCT–Hg associations and subsets of popula-
tions/cultures where this joint propagation can be clearly 
detected. The method was first applied to determine jointly 
propagating associations of Y-chromosomal and mitochon-
drial Hgs in Eurasian and indigenous American populations, 
and produced well interpretable results harmonizing with 
prior archaeogenetic, archaeological and historical findings 
(Juhász et al. 2018; Neparáczki et al. 2017a).

Materials and methods

Materials and database

Our database contains more than 51,000 melodies divided 
into 50 separate sub-databases as follows: 1 Chinese Peking 
(Pek, 1220), 2 Mongolian from Inner Mongolia (Mon, 

1567), 3 Kyrgyz (Kyr 1120), 4 Chuvash (Chu, 497), 5 Sicil-
ian (Sic, 1299), 6 Bulgarian Dobruja (Bul, 1027), 7 Azeri 
(Aze, 324), 8 Anatolian Turkish (Tur, 2299), 9 Karachay 
(Kar, 1094), 10 Hungarian (Hun, 2527), 11 Slovak (Slo, 
1937), 12 Moravian (Mor, 688), 13 Romanian (Rom, 1133), 
14 Cassubian (North-Poland) (Cas, 1569), 15 Finnish (Fin, 
2252), 16 Norwegian (Nor, 1970), 17 German (Ger, 2402), 
18 Luxembourgian-Lotharingian (Lul, 1149), 19 French 
(Fre, 2048), 20 Dutch (Dut, 2488), 21 Irish- Scottish-English 
(ISE, 2207), 22 Spanish (Spa, 1401), 23 Dakota (Dak, 842), 
24 Komi (Kom, 405), 25 Khanty and Mansy (Ob-Ugrian) 
(Kha, 447), 26 Croatian and Serbian (Balkans) (Bal, 551), 
27 Kurdish (Kur, 615), 28 Russian (Rus, 688), 29 Navajo 
(Nav, 436), 30 Warmian (North-East Poland) (War, 987), 
31 Great Polish (GPl, 652), 32 Central Andean (And, 1298), 
33 Greek (Gre, 400), 34 Estonian (Est, 705), 35 Lappish 
(Lap, 751), 36 Finnish rune (Fir, 236), 37 Ruthenian (Rsn, 
520), 38 Uyghur (Uyg, 486), 39 Kazakh (Kaz, 752), 40 Mari 
(Cheremis, Volga region) (Chr, 454), 41 Tatar (Tat, 477), 42 
Votiac (Vot, 205), 43 Japanese (Jap, 667), 44 Sekler (Hun-
garian ethnic group in Transylvania, Romania) (Sek, 1919), 
45 Mangistau Kazakh (Mns, 267), 46 Chinese Shanxi (Shn, 
814), 47 Bulgarian Rodope (Rod, 340), 48 Lithuanian (Lit, 
807), 49 Tuvan (Tuv, 332), 50 Khakas (Hak, 322).

The corresponding female populations are characterized 
by the 26-dimensional “Hg distribution vectors” contain-
ing the frequencies of 26 mitochondrial haplogroups in the 
nations and ethnic groups listed above. Besides melody col-
lections, these genetic distribution vectors construct the sec-
ond database of our study. The 26 haplogroups studied are as 
follows: L, M*, C, Z, G, D, N*, I, W, Y, A, S, X, R*, HV*, 
H, V, J, T, F, B, U*, U2, U4, U5, K. We analysed 50 recent 
and 39 ancient populations for mtDNA haplogroup distri-
butions in this study which is included in Online Resource 
1 (ESM_1). See the map of 39 ancient Hg distributions in 
Online Resource 3 (ESM_3).

The populations and the corresponding abbreviations of 
the modern data are shown in Table 1. The ancient popula-
tion mtDNA data, sample sizes, abbreviations, places and 
times of origin are included in Table 2.

Methods

In our study, populations are described by haplogroup dis-
tribution vectors containing the frequencies of 26 mito-
chondrial Hgs in the given population. When searching for 
Hgs jointly propagating with melody types, we also need 
distribution vectors of universal musical characteristics, 
say “musical haplogroups”, to describe the musical cul-
tures of the given populations by distribution vectors con-
taining the rates of the national/areal melodies belonging 
to these universal musical types. The generation of these 
universal musical types have already been detailed in 
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numerous publications, therefore, we provide here a very 
short description.

Generation of the unified contour type vectors 
from musical scores

Generation of  the melody contour vectors The generation 
of contour vectors from melodies is summarised in Fig. 1, 
showing the first section of a Hungarian folksong as an 
example. The continuous pitch–time function derived from 
the score is represented by the thick line in Fig. 1.

There, the pitch is characterised by integer numbers, 
increasing 1 step by one semitone, with the zero level of the 
pitch corresponding to the C tone. (To assure uniform condi-
tions, each melody was transposed to the final tone G). As 
the duration of the temporal intervals of the pitch–time func-
tion is determined by the rhythmic value of the correspond-
ing note, the main rhythmic information is also encoded.

Since the number D of pitch samples was uniform for the 
whole set, melodies could be compared to each other using 
a distance function defined in the D-dimensional melody 
space, independently of their individual length. Due to this 
normalisation, melody contours can be compared independ-
ent of their measure, tempo and syllabic structure. We have 

found that a choice of D = 64 resulted in an appropriate 
accuracy for each melody. These 64-dimensional vectors 
containing the time series of the corresponding melody are 
called “melody contour vectors” in this study.

The choice of the sampling number of 64 can be 
explained as follows. Most folksongs of our database have 
no more than 1–8 melody lines (see Fig. 3 for 4 melody 
lines). The contours of the most melody lines have no more 
than 1–2 important local maxima and minima, and this cor-
responds roughly to 1–2 sine waves having similar number 
of local extrema (providing that the time durations between 
the local extrema in the melody lines are nearly equal). 
According to Shannon’s sampling theorem, the reproduc-
tion of 2 sine waves needs at least 6 samples, therefore, a 
song containing 8 lines having the most complex contours 
needs at least 48 sampling points. Thus, our 64 samples per 
melody contour are able to represent even extremely long 
folksongs and/or extremely complex melody contours. This 
choice has been applied in numerous works before (Juhász 
2011, 2015; Juhász et al. 2015).

Determining contour type vectors using the  SOC algo-
rithm Using the contour vectors of the complete set of the 
melodies of our database as training vectors, we determined 

Table 1  The 
modern populations (50 
populations) and the 
corresponding abbreviations of 
the modern data

Population name Abbreviation Population name Abbreviation

Han Chinese CHN Mongolian MNG
Kyrgyz KYG Chuvash CHU
Tuscany TUS Bulgarian BLG
Azeri AZR Turkish TUR 
Karachay KRC Hungarian HUN
Slovak SLK Czech CZH
Romanian ROM Kashubian Poles PLK
Finnish FIN Norwegian NOR
North German GEN South German GES
French FRA Netherlands DUT
Scottish CO Galicia GAL
Northwest Amerindian NAW Komi Zyryan KOZ
Khanty KHA Serbian SRB
Kurdish KUR Russian RUS
Central Amerindian NAC Warmian WAR 
Poles POL Southern Amerindian NAS
Greek GRE Estonian EST
Saami SAA Karelian Finn KRL
Ukrainian UKR Uyghur UYG 
Kazakh KAZ Mari MRI
Tatar TAT Udmurt UDM
Japanese JPN Székely SEK
Altai Kazakh ALK Hui Chinese HUI
Macedonian MAC Lithuanian LIT
Tuvan TUV Khakassian KKS
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the dominant melody contour types in the 50 cultures stud-
ied using the SOC algorithm.

The SOC is an unsupervised self-learning algorithm 
derived from the Self Organising Map (SOM) (Kohonen 
1995; Toiviainen 2000; Pamjav et al. 2012; Juhász 2011, 
2015). In our study, the algorithm learns 64-dimensional 
“Unified Contour Type” (UCT) vectors pointing into the 
local condensations of the 64-dimensional point system 
determined by the melody contour vectors of the musical 

database. Thus, the training vectors of the SOC are here 
64-dimensional melody contour vectors, and the learning 
(feature) vectors represent 64-dimensional mean vectors 
(UCTs) pointing into the local cluster centres of the training 
vector system. Being in possession of this 100-element UCT 
set, each musical culture can be characterised by a 100-ele-
ment distribution vector containing the frequencies of own 
national variants of the 100 UCTs. The relevance of folk 
song analysis based on SOC-clustering of UCT vectors was 

Table 2  The ancient 
populations (39 populations), 
mtDNA sample sizes, 
abbreviations, places and times 
of origin

Population name Sample size Abbreviation Place of origin Time of origin

Middle East Neolithic-BrA 28 MEN Middle East 11840–1402
Iberian Neolithic 45 IBN Iberia 10310–3160
Near Eastern Neolithic 67 NEO TR, IRN, SYR, JOR 8300–4000
Cisbaikalian Neolithic (Serovo) 15 SER East Siberia 8000–4000
Early-Middle Neolithic 53 EMN Europe 6000–3000
Starcevo 44 STR Balkans 5700–5500
Dniepr-Donets Neolithic 17 DDO Eastern Europe 5300–4700
Neolithic Hungary 85 NHU Hungary 5200–4800
Yamnaya, Afanasievo 49 YAM Russia, Ukraine 5000–2700
Kurgans (Eneolithic/Catacomb) 35 KGC UKR, MLD, BLG 4700–2000
Baraba (UT-ODI-EK) 33 BB1 West Siberia 4000–1800
Late Neolithic-EBA Europe 56 LNB Europe 3000–1600
Altai Bronze Age 12 ABA South Siberia 2700–900
Tarim Basin Xiaohe 73 XIA China 2515–1829
Sintashta-Andronovo 41 SIA Russia, Siberia 2300–1400
Baraba (LK-FYOD-LBB) 45 BB2 West Siberia 1800–1000
Srubnaya 14 SRU Russia 1800–1200
Bronze Age Kurgans 13 KBK Kazakhstan 1400–1000
Baraba (Iron transition) 14 BB3 West Siberia 1000–800 BC
Iron Age Kurgans 13 KIK Kazakhstan 800–600 BC
Tagar-Tachtyk 15 TAG Russia 800 BC–400 AD
Scythian Iron age 14 SCI Russia 600–200 BC
Pazyryk Scytho-Siberian 25 PAZ Mongolia, Russia 400–200 BC
Qin China aDNA 19 QIN East Asia 221 BC–210 AD
Egyin Gol Xiongnu 46 XIO Inner Asia 200 BC–200 AD
Lombard early medieval 40 LOM Hungary, Italy 500–800 AD
Vikings 65 VIK Norway 780–790 AD
Karos 90 KAR Hungary 850–900 AD
Hungarians 900 AD 27 AH2 Central Europe 900–1000 AD
Ancient Hungarian (10th cent.) 67 AH1 Central Europe 900–1000 AD
pre-Conquest Hungary 49 HPC Hungary 500–900 AD
Medieval Slavic 19 SLV Slovakia 900–1200 AD
Italian medieval 27 ITM Italy 900–1500
Cumanian 11 CUM Hungary 1200–1300 AD
East Bell Beaker 47 EBB Poland 2300–1600 BC
Unetice 87 UNE West Europe 2300–1600 BC
Mezo-EMN 31 MEM East-Baltic 13000–3000 BC
Late Neolithic 11 LNN East-Baltic 3000–1600 BC
Bronze-age Baltic 17 BAB East-Baltic 1400–1000 BC
Total sample size: 1459



 Molecular Genetics and Genomics

1 3

successfully validated on a Hungarian test dataset assembled 
from melody types determined by human expert musico-
logical analysis (Juhász 2015, Corpus Musicae Hungaricae). 
After learning, the SOC represents the 100 UCT vectors by 
points in a plane located in an optimal structure where the 

2-D distances optimally correspond to the real 64-dimen-
sional distances. This “UCT map” is shown in Fig. 2 where 
the most characteristic areas are fenced and represented by 
UCTs being characteristic in the given area. These UCTs 
show that descending contours (UCTs 58, 13, 96 and 20) are 
located in the left branch of the map, with reducing range 
from UCT58 to UCT20, while domed contours represented 
by UCTs 27, 90, 61 and 56 are located in the right branch 
with decreasing range from UCT27 to UCT56. The rela-
tion between UCTs and melodies is exemplified in Fig. 3 by 
six melodies arising from different cultures, each of them 
belonging to UCT58 representing the fenced area involving 
UCTs of descending contours of high ranges in Fig. 2.

Tracking joint propagation of melody contour types (UCTs) 
and Hg distributions using the iterative rank correlation 
algorithm

We illustrate the basic idea of rank correlation analysis in 
a hypothetical example as follows: When calculating rank 
correlation of Hgs X and Y in a set of N populations, two 
N-dimensional Inverse Rank Vectors (IRV) are defined for 
Hgs X and Y, containing the rank values according to the 

Fig. 1  The generation of the melody contour vectors x

Fig. 2  The UCT-map learned by 
the SOC system. The planar dis-
tances of the points correspond 
to 64D weighted Euclidean 
distances of the UCT vectors. 
Typical contours in fenced areas 
are represented by examples 
1–8. The pitch time-series can 
be musically interpreted using 
the staves in the background. 
1–4: Descending contours with 
decreasing ranges. 5–8: Domed 
contours with decreasing ranges
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frequencies of Hgs X as well as Y in the populations. (The 
population containing the highest frequency of X receives 
the highest rank 1 in the IRV of X, the population having 
the highest frequency of Y receives the highest rank 1 in the 
IRV of Y, etc.) Thus, the elements of an IRV range between 
1 and 0, and are arranged into a reducing order in the IRV.

In case of strong correlation between Hgs X and Y, 
the Euclidean distance of the resulting two IRVs is small, 
whereas it becomes large in cases when the correlation 
is weak. Consequently, rank IRVs of strongly correlating 

Hgs construct a clustered structure in the N-dimensional 
point system of the IRVs. Thus, clusters of this point sys-
tem immediately determine subsets of strongly correlating 
Hgs, and these can be considered as the genetic basement 
of ancient populations determining the structures of recent 
populations.

Applying the SOC for clustering the IRV system pro-
vides us a further advantage. The SOC determines the 
centroid vectors of the clusters, and the rank values of 
these centroid vectors indicate the populations where the 

Fig. 3  Six melodies from dif-
ferent cultures belonging to 
UCT58 are shown in the top of 
the figure (see also the location 
of UCT58 in Fig. 2). The pitch 
time-series of UCT58 can be 
musically interpreted using 
the staves in the background. 
Compare contours of the entire 
melodies divided into 4 phrases
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frequencies of the Hgs constructing the corresponding 
cluster are simultaneously high or low. Using this infor-
mation, the paths of the propagation of the ancient popula-
tions can also be revealed.

However, when searching for jointly propagating pairs 
of Hgs (or UCTs), we have to take into consideration that 
correlations indicating true interactions can be expected 
merely in certain subsets of the 50 populations, due to geo-
graphical and historical reasons. To find all such subsets 
automatically, an iterative algorithm has been elaborated, 
searching for such subsets automatically (Juhász et al. 
2018).

The example speaking on Hgs can be generalized for 
musical UCTs, thus, the method should provide us the direct 
identification of groups of musical and genetic characteris-
tics propagating regularly together as members of a common 
population and/or musical language.

The complete analysis can be summarized as follows:
We have 50 populations each of them characterized

• by a 26-dimensional distribution vector containing the 
frequencies of 26 Eurasian mitochondrial haplogroups 
(Hgs) in the given population,

• and a 100-dimensional distribution vector containing the 
frequencies of national/areal variants of the 100 unified 
melody contour types (UCTs), found in the contour type 
set of the given culture. It is worth emphasizing here that 
the national/areal music cultures are represented by their 
own contour type collections determined by SOC learn-
ing for each culture (melody set) one by one, instead of 
the melodies themselves. This is important for compen-
sating incidental over-represented melody types in the 
collections.

The data mining analysis is accomplished in two steps:

1. Collecting all pairs of UCTs and Hgs having strong rank 
correlation values for a significant set of populations 
using the iterative rank correlation method. The algo-
rithm results in two 50-dimensional IRVs for all pairs 
of these correlating Hg–UCT pairs after finishing the 
iteration.

2. The resulting vector set is used as the training set of the 
SOC algorithm determining the condensation centres 
of the corresponding 50-dimensional point system. The 
resulting “rank type” vectors are used for clustering the 
whole IRV set, and the mitochondrial Hgs and UCTs 
belonging to IRVs assigned to a common cluster are col-
lected into a set called the “Hg–UCT association” of the 
cluster. Exact mathematical description of the method is 
given in Online Resource 2 (ESM_2). Demo program is 
found here: https ://www.energ ia.mta.hu/~juhas z/SOC-
MRP-demo/.

The Hg contents of the Hg–UCT associations are repre-
sented in planar “Hg maps”, where the points representing 
the Hgs are located by an MDS algorithm trained by a dis-
tance matrix generated from the mutual global rank correla-
tions of the Hgs (see Juhász et al. 2018, and the right upper 
parts of the maps below). The subset of Hgs taking part 
in the correlations in a given Hg–UCT association, called 
the “Hg content”, was compared to the Hg distributions of 
our 50 modern and 39 ancient populations by the following 
calculation: the relative “overlap” equals the number of the 
common Hgs divided by the size of the unified set of the Hg 
contents of the Hg–UCT association and the Hg distribution 
of the given population.

The result is unity in case of identical Hg contents and 
zero when no common Hg-s is found.

Highest overlap values of the Hg content of a Hg–UCT 
association indicate modern or ancient populations contain-
ing the highest amount of a hypothetic ancient population 
composed—at least partly—by the given Hg-content. In 
other words, the overlap values defined in Eq. 1. character-
ize the “similarity” of two populations. As these high over-
lap values provide important guidelines in our discussions 
below, we studied their significance by the Student t probe 
as follows: The overlaps of a Hg content of a given Hg–UCT 
association were calculated for the 50 modern populations 
studied using Eq. 1. After that, the mean and standard devia-
tion values of the resulting 50 overlap values were deter-
mined. Using these statistical characteristics, the probabili-
ties that the difference between the highest overlap values 
and the mean overlap are significant were determined by 
the t-probe. The resulting probabilities shown in the Results 
verified this hypothesis for all cases studied.

The musical contents of the HG–UCT associations are 
represented in the 100-element UCT map reviewed above.

The 50 elements of the rank type vectors are represented 
by columns in their approximate geographic centres in the 
map of Eurasia (see Figs. 4, 5, 6, 7, 8, 9, 10, 11 and ESM_3).

Results

The iterative rank correlation algorithm found 760 Hg–UCT 
pairs having a rank correlation over 0.7 within at least 15 
populations (cultures). Thus, the search for jointly propagat-
ing Hg–UCT pairs provided us a pre-selected IRV set repre-
senting effectively correlating pairs of Hgs and UCTs (the 
size 760 is 29% of the total number of all possible Hg–UCT 
pairs).

(1)overlap =
size (assoc

⋂

distr)

size (assoc
⋃

distr)
.

https://www.energia.mta.hu/~juhasz/SOC-MRP-demo/
https://www.energia.mta.hu/~juhasz/SOC-MRP-demo/
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To test the general correlation between the joint musi-
cal types and Hgs, we determined the distance matrices 
of the selected genetic and musical IRVs separately. The 
correlation of the resulting two distance matrices was 0.87. 
Accomplishing the Mantel test for the genetic and musi-
cal distance matrices we have found a mean correlation 
0.09 for random permutations of the rows and columns 
of the genetic distance matrix, and the probability of a 
random permutation resulting in a correlation exceeding 
0.87 became less than 0.0001. These data verify that the 
given choice of parameters revealed effectively existing 
strong correlations between Hgs and UCTs, therefore, an 
increase of the correlation threshold and/or the minimal 
size of the correlation subset of populations (cultures) is 
unnecessary. Note that all correlating pairs having higher 
correlation and/or correlation subset size than the thresh-
old parameters are included in our selection (e.g. 378 of 
the 760 pairs have correlation sizes greater than 20, but 
correlation sizes over 30 were found only in 9 cases.)

The SOC algorithm described above revealed 19 clusters 
of the IRVs characterizing our musical types and Hgs. All 
members of these clusters contain similar IRVs belonging 
to musical types and haplogroups.

The clusters of jointly propagating UCTs and Hgs can 
be characterized by the mean of their—necessarily simi-
lar—IRVs, the Inverse Rank Vector Types (IRVTs). The 
mean distance of the individual IRVs from the closest 
IRVT vector was 80% of the mean distance of the IRVTs 
themselves, and the Student t-probe showed that the dis-
tances of the closest neighbouring IRVTs are significant 
with at least 97% probability. The goodness of clustering 
was also characterized by the value of – 0.35 of the cor-
relation between the inference and distance matrices. 19 
of the 26 Hgs studied have at least 1 correlating pair in our 
100-element UCT set. It follows from the above results 
that the SOC has identified the local condensation centres 
of the 50-dimensional vector system of the IRV-s with an 
appropriate significance. Six of the remaining 7 Hgs (L, 

Fig. 4  Geographical distribution of the IRVT of the UCT–Hg Asso-
ciation 10 is containing Hgs A, C and D propagating from Inner Asia 
as far as the Carpathian Basin, as well as North- and South-America. 

Size and darkness of the circles and the column heights in the UCT 
and Hg maps refer to the number of Hgs as well as UCTs correlating 
with the given UCT as well as Hg
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Z, Y, S, R*, and F) were automatically excluded by the 
iterative rank correlation algorithm due to the low repre-
sentation in our database (less than 15 populations contain 
these Hgs with nonzero frequencies). Finally, the fact that 
Hg G also misses correlating UCTs may be explained by 
its East-Asian origin, since the corresponding musical cul-
tures are not represented in our musical database. At the 
same time, 92 of our 100 UCTs have at least 4 correlating 
Hg pairs. The remaining 8 UCTs represent very extremely 
narrow ranges, or extremely ascending contours. This very 
high rate of UCTs having a significant number of correlat-
ing Hg pairs is in good accordance with the fact that all of 

our musical cultures are assigned to a population mutually 
unambiguously.

The similarity of the IRVs constructing a common cluster 
means that frequencies of the corresponding UCTs and Hgs 
show simultaneous variation in the 50 populations. Conse-
quently, we found groups of jointly propagating musical and 
genetic types, so it seems obvious to attribute these groups 
to “hidden” ancient populations jointly transferring their 
complex genetic content and musical culture during their 
historical migrations.

We illustrate here these early correlated migrations of 
populations and musical cultures by some examples of our 

Fig. 5  Related melodies from 
musical cultures containing the 
UCT–Hg Association 10 shown 
in Fig. 4. The melodies belong 
to the cluster of UCT99 marked 
by the arrow in the musical map 
of Fig. 4
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19-element IRVT set, while the remaining part is given in 
ESM_3. Thus, the peaks in the geographical maps in Figs. 4, 
6, 8, 9, 10, 11, 12 and 13 show the vector elements of the 
50-dimensional IRVT vectors ranging between 0 and 1 by 
definition, learned by the SOC algorithm. As we have dis-
cussed above, the significance of these results has been veri-
fied by t-probe and correlation of the inference and distance 
matrices.

Figure 4 (Association 10) shows the geographical dis-
tribution of the IRVT having the highest values (thus, the 
highest mean UCT and Hg frequencies) in China and Inner 
Asia, as well as American indigenous populations, and 
shows a gradual decrease propagating in Western Eurasian 
direction. Populations and Hgs not belonging to the asso-
ciations are not indicated for sake of clarity in Figs. 4, 6, 
8, 9, 10, 11, 12 and 13. The Hg content (A, C, D) of the 
corresponding population is shown in the Hg-map in the 
rightmost upper part of the figure. The musical content of 
this Hg–UCT association is located in the right bottom part 
of the UCT map, containing descending contours with high 

ranges. On the other hand, Hgs A, C and D are dominating in 
Inner Asia, Siberia, China and the Native Americans. As this 
geographical distribution of the Hgs is very similar to the 
distribution of Association 10, the hypothesis that the propa-
gation of the mentioned musical style is connected to an 
ancient human migration seems realistic. The most similar 
Hg-contents are found in the modern native American popu-
lations NAW, NAC and NAS, (0.5 ≤ overlap ≤ 0.75, see 
Eq. 1.) as well as the Siberian and Inner-Asian ancient sam-
ples Serovo, Baraba1 (4000−1800 BC), Altai Bronze Age, 
Baraba2 (1800−1000 BC), Qin China, and Xiongnu (SER, 
BB1, ABA, BB2, QIN and XIO, 0.33 ≤ overlap ≤ 0.43). 
The earliest ancient sample SER (Serovo, South-Siberia) 
is dated in the interval between 8000−4000 BC. However, 
the high inverse rank values of the American indigenous 
people provides us another basement of dating: the most 
popular theory of the settlement of America supposes that 
the migration from East-Eurasia to America finished with 
the submergence of the Bering strait more than 12, 000 years 
ago (Hamilton and Buchanan 2007; Tamm et al. 2007).

Fig. 6  Geographical distribution of the IRVT of the UCT–Hg Association 15 containing Hgs X, U*, U2, N*, HV*, K and J, propagating from 
the Middle East as far as Central Europe, as well as Inner Asia
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The Student t-probe resulted in probabilities over 0.990 
for the hypotheses that the differences of the overlap values 
above and the mean overlap of the Hg content of Associa-
tion 10 are significant. It is worth mentioning here that all 
of the significance probabilities exceed 0.95 in our further 
examples, therefore, we do not indicate them one by one 
henceforth.

As the musical cultures of the ancient populations studied 
are unknown, the study of the overlaps of the UCT contents 
of the Hg–UCT associations and the musical cultures stud-
ied would be restricted to the 50 modern nations and ethnic 
groups. However, the musical examples in Figs. 3, 5, and 7 

and ESM_3, showing closely related melodies appearing 
simultaneously in cultures belonging to common correlation 
subsets provide us some insight into assumable footprints of 
ancient musical cultures still affecting recently living musi-
cal traditions.

The UCTs constructing the musical culture jointly propa-
gating with this Hg association are represented by large cir-
cles in the UCT map in the right upper part of the figure. The 
size and the darkness of the circles refer to the number of 
Hgs correlating with the given UCT. All of the highlighted 
dots are situated in the “high range descending” area of the 
map, so our analysis revealed a group of well interpretable 

Fig. 7  Related melodies from 
musical cultures containing the 
UCT–Hg Association 15 shown 
in Fig. 6. The melodies belong 
to the cluster of UCT21 marked 
by the arrow in the musical map 
of Fig. 6
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and closely related musical genres constructing the basis 
of the musical culture of an inferential ancient population 
determined by Hgs A, C and D, transferring its musical cul-
ture during its prehistoric migrations. This musical culture 
is exemplified in Fig. 5 showing A-pentatonic melodies with 
convincingly similar descending contours with ranges higher 
than an octave, arising from the wide geographical area of 
this Hg–UCT association. (See the similarities of the melody 
contours phrase by phrase.)

The geographical distribution of the next IRVT shows 
the joint propagation of an Hg–UCT association from the 
Middle East through Asia Minor and the Balkans to the Car-
pathian Basin (Association 15, Fig. 6). The corresponding 
Hg content located in the lower part of the Hg map of Fig. 6 
is totally different from the “Eastern” association. The most 
similar Hg contents are found in the modern nations BUL, 
HUN, MOR, ROM, TUR, SEK (0.46 ≤ overlap ≤ 0.58), 
as well as in the Neolithic ancient samples Near Eastern, 
Iberian, European, Starcevo, Hungarian (NEO, IBN, EMN, 
STR, NHU, 0.5 ≤ overlap≤ 0.55). This fact clearly refers to 

the migration of Neolithic farmers in the 7th–3th millennia 
BC (Haak et al. 2010; Szécsényi-Nagy et al. 2015).

According to the musical map in the figure, the musical 
culture attributed to this ancient farmer population is con-
structed mainly by descending UCTs with a typical range of 
a fifth or sixth. Thus, the UCT map also shows here a char-
acteristic musical culture that is well distinguishable from 
the “Eastern” culture shown in Fig. 4. The musical genre of 
the melody group exemplified by Fig. 6 is discussed as the 
“prehistoric heritage” of Hungarian folk music by classical 
comparative ethnomusicology, therefore, the joint propaga-
tion of this musical layer with ancient migration processes 
from the Fertile Crescent to Europe is also supported by pure 
musical analysis (Paksa 1999).

Essentially, the same Neolithic farmer population seems 
to be the main component of UCT–Hg Association 13 in 
Fig. 8, completed by Hg U5, which may be a small contri-
bution of Mesolithic European hunter-gatherers. The UCT 
map also shows descending melodies with a range around 
a sixth, extended to the area of descending contours with 

Fig. 8  Geographical distribution of the IRVT of the UCT–Hg Association 13 containing Hgs X, U*, U2, N*, HV*, K J, U5, H and A having the 
highest inverse rank values in Anatolia and the Carpathian Basin
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higher ranges (See the corresponding melody examples in 
ESM_3, pp. 41, 42. The melody type in the example also 
appears in Asian (Chinese) and also in Native American 
(Peru) variants. This fact and Hg A in the Hg set of this asso-
ciation refers to contacts to association 10 discussed above. 
The most similar Hg content is found in modern nations 
TUR, ROM, KUR, SEK (0.5 ≤ overlap ≤ 0.54), and Iberian 
and Hungarian Neolithic samples (IBN, NHU, 0.5 ≤ overlap 
≤ 0.54).

Our next example shows the source areas of an Hg–UCT 
association in the Carpathian Basin, the Caucasus, Anatolia 
and Sicily (Association 1, Fig. 9). The Hg content of this 
association is the nearest approach to the modern nations 
TUR, KUR, SEK and ROM (0.5 ≤ overlap ≤ 0.55), and 
the ancient Neolithic Iberian, European, Hungarian and 
Starcevo samples (IBN, EMN, NHU and STR, 0.46 ≤ over-
lap ≤ 0.54). This list of related populations is very similar 
to the previous two examples, and also refers to a Neolithic 
farmer population jointly propagating with a characteristic 
musical culture. The corresponding UCT map shows that 

this musical culture also contains mainly descending mel-
odies with both high (See ESM_3, pp 4, 5) and medium 
ranges. Comparing the UCT maps of the recently discussed 
four UCT–Hg associations, one can see that this UCT cloud 
essentially “unifies” the previous descending associations 
of high (Association 10, Fig. 4) and medium (Associations 
15, 13, Figs. 6, 8) ranges. However, the Hg contents do not 
mirror these clear musical relations perfectly: although the 
genetic connection between the three Neolithic farmer asso-
ciations (15, 13 and 1) is clear, the Hg content A, C, D in 
Association 10 is essentially absent in them. Nevertheless, a 
plenty of convincing melody examples verify the clear musi-
cal contacts between Hg–UCT Associations 10 and 1 (see 
Fig. 3). A possible explanation of this situation is suggested 
in the Discussion.

The admixture of European Neolithic farmers with Meso-
lithic hunter-gatherers is indicated by the presence of Hgs 
U4 and U5 in the Hg content of our next example (Associa-
tion 9, Fig. 10). This is a new element in our study, since Hgs 
U4, U5 and H were missing in Associations 15 and 1, and 

Fig. 9  Geographical distribution of the IRVT of the UCT–Hg Association 1 containing Hgs X, U*, U2, HV*, T, K, J and H having the highest 
inverse rank values in Anatolia, the Carpathian Basin, the Caucasus and Sicily
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this fact referred to earlier farmer migrations from the Fertile 
Crescent, with negligible contribution of European hunter-
gatherers. The complete Hg content of this new UCT–Hg 
association is mostly similar to modern nations SLO, NOR, 
LUL, HOL, GPL, EST (0.6 ≤ overlap ≤ 0.88), as well as 
late-Neolithic–Bronze Age ancient samples Eneolithic–Cat-
acomb Kurgans, Yamnaya, late-Neolithic, Srubnaya, East-
ern Bell Baker, Unetice and North-European late-Neolithic 
(KGC, YAM, LNB, SRU, EBB, UNE and LNN, 0.58 ≤ over-
lap ≤ 0.78). The main area of this UCT–Hg association is 
North–West and Central Europe, showing a good accordance 
with the geographical extension of the BBK, UNE and LNN 
cultures. Thus, this UCT–Hg association may exist continu-
ously in this part of Europe since the late-Neolithic, early 
Bronze-age period. The UCTs propagating jointly with this 
population are situated in the right branch of the UCT map, 
so this musical culture contains dominantly domed melody 
contours with ranges between a fifth and octave. Variants 
of a common melody type with a domed contour and nar-
row range appearing in the descendant musical cultures are 

shown in Online Resource 3 (ESM_3, p. 27). At the same 
time, descending contours with narrow ranges are also rep-
resented by UCTs in the upper part of the left branch of the 
UCT map. Further examples indicate variants of another 
member of this UCT association appearing in Norwegian, 
German and Spanish, as well as Turkish, Karachay and 
Hungarian musical cultures. This may be attributed to the 
Neolithic farmer component of this mixed Hg association.

UCT–Hg associations dominating in West-Europe have 
the biggest overlap with the Hg content of this latter exam-
ple. Five of the six Hgs of Association 18 in Fig. 11 (H, 
V, J, T and U5) are also found in Association 9 in Fig. 10, 
whereas K, as well as I, W and U4 are not common compo-
nents. The search for jointly propagating mitochondrial and 
Y-chromosomal Hgs revealed an Hg association with a very 
similar geographic distribution and mitochondrial Hg con-
tent (Juhász et al. 2018). The Hg-map in Fig. 11 shows the 
main role of Hgs H, J and K in correlated propagation with 
musical types, two of them (H and J) having also important 
roles in Association 9. The advanced weight of Hg H in this 

Fig. 10  Geographical distribution of the IRVT of the UCT–Hg Association 9 containing Hgs I, W, T, J, V, U4, U5 and H having the highest 
inverse rank values in North, West and Central Europe
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association may refer to late Neolithic–Bronze age origin of 
this UCT–Hg association. Really, the most similar ancient 
populations Srubnaya, Bronze-Age Baltic (SRU, BAB, 0.5 
≤ overlap ≤ 0.57) indicate a Bronze-age North- and East- 
European origin. The most similar Hg contents are found in 
the modern nations FIN, NOR, GER, LUL, FRE, ISE, SPA, 
EST, MRI and LIT (0.5 ≤ overlap ≤ 0.83). Comparing the 
UCT maps of Associations 9 and 18, one can see significant 
overlaps in the areas of descending and domed contours with 
a range within a sixth (See the melodies showing variants of 
an UCT forming ascending major third transposition in the 
second phrases in the examples in ESM_3, p. 55).

In addition, a very close relationship was found between 
Associations 9 and 7 where the significant role of Hg U5 
also refers to a significant contribution of Mesolithic Hunter-
gatherers to the Neolithic population indicated by Hgs I, U*, 
W, T, J and V (Fig. 12). The highest inverse rank values of 
Association 7 are located in North Europe, and the highest 
overlaps of its Hg content were found in recent NOR, EST, 
CAS, and ancient Eneolithic–Catacomb and Kazakhstan 

Kurgans, as well as Unetice and Northern late-Neolithic 
(KGC, KBK, UNE, LNN, 065 ≤ overlap) populations. The 
UCT map shows the dominance of narrow range descend-
ing melodies. This refers to a late-Neolithic–Bronze Age 
population in East and North Europe surviving continuously 
in modern nations of this area preserving a very old layer 
in its musical tradition exemplified in Online Resource 3 
(ESM_3, p. 22).

The most complex Hg content was found in our last exam-
ple. Hgs of Association 11 in Fig. 13 can be divided into 3 
parts: Hgs A, C and D are common with the Eastern Associa-
tion 10, U4 and U5 are identified as Mesolithic hunter-gath-
erers (see Association 9, 7 and 18), while all of the remaining 
components (N*, J, T and U*) are also found in Association 
13, and refer to a common Neolithic farmer component in 
Associations 11 and 13. It is worth mentioning here that Hgs 
A, H and U5 indicate a not negligible Eastern and Mesolithic 
hunter-gatherer contribution in Association 13. As the most 
similar ancient populations are Baraba3 and Karos (BB3 and 
KAR, overlap = 0.5), Association 11 may be deduced from an 

Fig. 11  Geographical distribution of the IRVT of the UCT–Hg Association 18 containing Hgs T, J, V, K, U5 and H having the highest inverse 
rank values in West Europe
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admixture of the three components mentioned above in the late 
Andronovo culture (BB3). The resulting population contain-
ing descendants of Asian, Mesolithic European and Neolithic 
farmer ancestors appears in the Carpathian Basin with the 
Hungarian Conquest (Karos, KAR), or more generally, with 
the subsequent Scythian, Sarmatian, Hun, Avar, Hungarian 
invasions. The most similar recent Hg contents were found 
in modern nations CHU, TAT, KHA, VOT (0.5 ≤ overlap ≤ 
0.6) [and also HUN, WAR, EST, KRL, TUV, (0.4 ≤ overlap ≤ 
0.42)], thus, the recent geographical distribution supports the 
Andronovo theory. The UCT map shows descending melodies 
with a wide scale of different ranges in good accordance with 
the complex composition of UCT–Hg Association 11. The 
UCT content of this association has the largest overlaps just 
in Associations 13 and 7. We show variants of an UCT of 
high range and descending contour, living simultaneously in 
modern nations belonging to Associations 11 (Khanty, Tatar), 
10 (China, Tatar), 7 (Finnish) and 13 (Hungarian, Karachay) in 
the example in Online Resource 3 (ESM_3, p. 34). Comparing 
the UCT maps of Associations 11 and 7 in Figs. 12 and 13, it 

becomes clear that common UCTs are necessarily found in the 
low-range descending area. We show related melodies of such 
characteristics, living simultaneously in the modern nations 
belonging to Associations 11 and/or 7 in Online Resource 
3 (ESM_3, p. 35). As the overlaps of the UCT contents of 
Associations 11 and 13, as well as 11 and 7 fit to the high 
range descending, as well as narrow range descending areas 
of the UCT map, it seems obvious to attribute them to musical 
contributions of Associations 13, as well as 7 in the complex 
musical culture of Association 11.

Musical data sources are presented in Online Resource 4 
(ESM_4) and all other figures together with musical notes 
are shown in Online Resource 5 as audio examples.

Discussion

The significance tests detailed in the previous chapter veri-
fied that our hypothesis supposing that propagation of oral 
musical traditions can be related to early human migration 

Fig. 12  Geographical distribution of the IRVT of the UCT–Hg Association 7 containing Hgs X, T, J, V, K, U5 and H having the highest inverse 
rank values in North Europe
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processes is well-founded, because the multidimensional 
point system determined by the inverse rank vectors of cor-
relating Hg–UCT pairs has a well-clustered structure. We 
have found that associations of Hgs jointly propagating with 
associations of UCTs can be identified as significant com-
plex components in both modern and ancient populations, 
thus, modern populations can be considered as admixtures 
of these ancient Hg associations (Juhász et al. 2018). There-
fore, it also seems obvious to conclude that these ancient 
Hg associations (populations) strewed their musical “par-
ent languages” during their migrations, and the correlating 
UCTs of these musical parent languages may also be basic 
components of the recent folk music cultures. Thus, we can 
draw a hypothetical picture of the main characteristics of 
ancient oral musical cultures.

It seems a strong tendency that modern and prehistoric 
populations belonging to a common Hg–UCT association 
are located to very similar geographical areas, consequently, 
recent folk music cultures are basically determined by pre-
historic migrations, and later migration processes like the 

Migration Period in the early Middle Ages provided merely 
significant, but not dominant contribution to these substrate 
musical cultures.

In most cases, well identified musical genres can be 
attributed to the jointly propagating Hg–UCT associa-
tions, represented by definite compact areas of our UCT 
map. The most transparent examples for this statement 
are the UCT contents of Associations 10, 15 and 9 rep-
resented by nearly disjoint areas in Figs. 4, 6 and 10. We 
have shown that the Hg content of Association 10 (Fig. 4) 
refers to an ancient population containing Hgs A, C and 
D, appearing earliest in the Serovo culture, but also in the 
Eurasian ancestors of the indigenous Americans. The same 
mitochondrial Hg-association with very similar geographi-
cal distribution was found in a previous work studying 
correlated propagations of mitochondrial and Y-chromo-
somal Hgs (Juhász et al. 2018). The compact area of the 
UCT map representing the UCT content of Association 
10 shows that this musical “parent language” might be 
the ancestor of several recent musical cultures containing 

Fig. 13  Geographical distribution of the IRVT of the UCT–Hg Association 11 containing Hgs A, C, D, N*, U*, T, J, U4, U5, having the highest 
inverse rank values in West Siberia and East Europe
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melodies of high ranges, descending contours and penta-
tonic scales. At this point, there emerges the question: is 
it realistic to attribute melodies of the high complexity, 
arrangement and range exemplified by folk songs in Fig. 5 
to people migrating through the Bering Strait more than 
12,000 years ago, or to people of the Serovo culture living 
8000–4000 years BC? According to the playable scale of 
the bone flutes arising from the Neolithic culture Jiahu 
(China), the pretension of music instruments being suit-
able for playing such melodies is proven for this culture 
living 90,000 years ago (Zhang et al. 1999). In addition, 
other bone flutes excavated in Germany refer to similar 
musical pretensions of first European modern humans liv-
ing 35,000 years ago (Conrad et al. 2009).

A completely different population appearing earliest in 
Neolithic farmer samples might transfer another musical 
“parent language” from the Fertile Crescent mainly to Asia 
Minor and Eastern Europe (Association 15, Fig. 6). (See the 
very similar mitochondrial Hg association in Juhász et al. 
2018). The UCT map in Fig. 6 shows that this musical cul-
ture might be based on descending melodies of the range of 
a fifth or sixth, and the corresponding melody examples in 
Fig. 7 verify that this musical parent language is still liv-
ing in the recent folk music cultures in the Near East, Asia 
Minor and the Balkans. The ancient samples containing this 
Hg association in the highest percentage are the earliest Neo-
lithic populations (NEO, EMN, STR, NHU), so we attribute 
a similar Neolithic origin to this musical parent language.

Comparing the UCT map of Association 9 to the former 
two associations, one can see a new disjoint area containing 
domed and ascending contours of narrow ranges as well as 
plagal structures (Fig. 10). A small overlap with Association 
15 can be identified in the area of narrow range descending 
contours. The high importance of Hgs U4 and U5 in the Hg 
content of this association indicates a later situation after a 
significant admixture between Mesolithic European hunter-
gatherers and Neolithic farmers. Accordingly, the most simi-
lar ancient populations are East- and North European late 
Neolithic–Bronze Age samples (KGC, YAM, LNB, SRU, 
BBK, UNE and LNN), so we attribute also a Bronze Age 
origin to this musical parent language. This result is also 
supported by a mitochondrial-Y-chromosomal Hg associa-
tion dominating in East–Western Europe in our previous 
paper (Juhász et al. 2018).

Many further Hg–UCT Associations can be characterized 
by the overlaps of their Hg as well as UCT contents with the 
three Associations above. For example, we have shown simi-
lar Hg contents of Associations 1 and 13 to Association 15, 
and the musical contents can also be interpreted as different 
stages of the increase of the range of descending melodies in 
populations of common Neolithic farmer origin. As another 
example, we mention the overlaps of UCT maps of Associa-
tions 9, 18 and 7, and the similar Hg contents being all of 

them similar to modern German and Bronze Age Srubnaya 
(SRU) populations.

The most complex population with an admixture of 
farmer, hunter-gatherer and Eastern populations was found 
in Hg–UCT Association 11 (Fig. 13), with the most similar 
ancient samples of the Bronze–Iron age late Andronovo cul-
ture (BB3), as well as ninth century Hungarian conquerors 
(KAR). This may refer to the role of the Andronovo culture 
in the genesis of the nations and cultures taking part in the 
Great Migration from the Steppe to Eastern and Central 
Europe in the late Antiquity and early Middle Ages. The 
most similar modern nations—Ob-Ugrians, Mari, Chuvash, 
Voltaic people—may be the sedentary descendants of Scyth-
ians, Sarmatians, Huns, Avars, Hungarians, Cumanians, etc. 
determining the different phases of these migrations. It is 
worth mentioning here the close contacts of Hungarian and 
Mari, Chuvash, Tatar folk music narrowly analysed in Hun-
garian ethnomusicology (Kodály 1971; Vargyas 1980; Vikár 
and Bereczki 1971, 1979). On the other hand, the mediate 
Central- and East-European roots of the Hungarian conquer-
ors is supported by the fact that all of the 7 individuals of 
the Karos sample (KAR) belonged to subclade N1a1a1a1a, 
while subclades N1a, N1a1a1, N1a1a1a have been found in 
Neolithic samples excavated in the Carpathian Basin (Lipson 
et al. 2017; Neparáczki et al. 2017a, b, 2018). The clos-
est genetic and musical contacts of Association 11 point 
to Eastern Association 10, Neolithic Associations 13, 15, 
1 and Broze Age mixed farmer—hunter-gatherer Associa-
tions 7 and 9.

We have found only one case when a strong musical 
relationship seems to be in contradiction with genetic con-
tents. Comparing the UCT maps of Associations 1 and 10, 
one of the biggest overlaps can be seen (Figs. 4 and 9). 
However, the Hg contents point to the earliest Neolithic 
farmer populations (IBN, EMN, STR, NHU) for the for-
mer and dominantly “Eastern” populations (SER, BB1, 
NAW, NAS, NAC) in the latter case. In addition, the cor-
relation analysis showed a significant negative correlation 
between the rank lists of these Associations, which means 
an intensive interaction of these Associations starting 
from two distinct sources. The high number of common 
UCTs having closely related concrete melody variants in 
the dominant cultures of these Associations also shows 
really existing contacts. A possible explanation might 
be that the ancestor Hgs M and N started to spread from 
the same area in the Middle East, and their descendant 
Hgs A, C and D constructing the Eastern Association 10 
arose later in Asia, and the resulting “new” Hg association 
propagated its original musical parent language further 
on. At the same time, the Neolithic Hgs HV, H, V, J, T, U, 
etc. constructing Association 1 arose from another branch 
of Hg N and propagated jointly with the same musical 
parent language to Europe. Thus, the hypothesis that the 
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musical culture containing mainly descending melodies 
with large ranges arose in the Middle East and propagated 
with Hgs M, N and their descendants (A, B, C, D. etc.) 
to Asia, as well as with the descendant Hgs of another 
branch of N (HV, H, V, J, T, U, etc.) to Europe might give 
a coherent explanation to the above problem. However, 
this theory yields an extremely early age of this musical 
parent language, because the approximate time of origin of 
Hgs A, C and D is in the interval of 20,000–40, 000 years 
BC. Therefore, we also suppose a long time interaction of 
the populations and cultures assigned to Associations 1 
and 10, supported by the negative correlation mentioned 
above. Besides the convincing similarities of the melody 
contours, a clearer distinction could be made by including 
the results of the analysis of typical tone sets in Associa-
tions 1 and 10, showing that very similar contours appear 
with rigorous pentatonic as well as diatonic tone sets in 
Associations 10 and 1 (see the Mongolian and Bolivian, 
as well as Hungarian, Karachay and Sicilian melodies in 
Fig. 3).

An alternative explanation would be that both UCT–Hg 
Associations 10 and 1 arose from Inner Asia, and Asso-
ciation 1 came to the Caucasus, Asia Minor and the Car-
pathian Basin with the Kipchaks, Turks and Hungarians. 
However, this explanation is in contradiction with the 
definite Neolithic farmer Hg content and the Sicilian par-
ticipation in Association 1.

Our study could be considered as an initial step in 
analysis of the correlations of prehistoric and recent cul-
tural and genetic characteristics of mankind. We think that 
our results revealed some new correspondences between 
prehistoric migrations and recent oral cultural character-
istics of modern nations. The correlation analysis might 
be extended to further nations and populations, as well 
as archaeological, linguistic, ethnographic, etc. data. At 
the same time, more detailed representation of population 
genetic characteristics e.g. by including more subclades 
of Hgs could significantly improve the time resolution of 
the method.
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