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1 Introduction

We are investigating the relation between the
word order of languages (we focus on OV: object
verb versus VO: verb object) and the speakers’
thought pattern. We have approached it
through diversity of DNA of the speakers’ popu-
lation.

Higher diversity of DNA means that the pop-
ulation has the cooperative thought pattern and
lower diversity of DNA means that the popula-
tion has the competitive thought pattern.

The diversity of DNA was measured by the
entropy of haplogroup (Hg) distribution. Our
conjecture is that OV language speakers’ popu-
lation has higher entropy value and VO lan-
guage speakers’ population has lower entropy
value.

Ehara (2018) showed that OV language
speakers’ population have higher entropy value
of Y-chromosome DNA haplogroup (YHg) than
VO language speakers’ population. Ehara
(2019) showed that OV language speakers’ pop-
ulation have higher entropy value of Mitochon-
drial DNA haplogroup (MtHg) than VO type
language speakers’ population.

Ehara (2019) treated the data only from Eu-
rope and the surrounding area. In this paper, we
will analyze the data from larger area, Eurasia.

2 Data

Data for the word order features (OV/VO) are
obtained from the WALS online database (Dryer,
2013) and many other web sites.
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MtHg data of populations are obtained from
1000 Genomes Project (Rishishwar, 2017).
From Rishishwar (2017), we can obtain the
MtHg data of 2054 samples (individuals) from
26 worldwide populations. We estimate native
languages spoken by these populations. We can
recognize 22 languages in these data. We ex-
clude the data that native languages aren’t es-
timated. Populations and languages in our anal-
ysis are listed in Appendix 1 (Table A2).

The data include 26 macro MtHgs : G={ L0,
L1,L2,L3,14,L5,D,F,G,N,Y,Z, H, I,J, K, T,
V,W, X, U,M,R,A, B, C} (see Table Al).

The entropy by Hgs for each language [ :
H(l) is calculated by

HD == ) p(L.9)10gne (L)
JeG
where p(l,g) is the probability (relative fre-
quency of samples) of the Hg g for the lan-
guage | and n(G) is the number of Hgs (in our
case n(G)=26).

3 Method of the analysis

We conduct t-test for the entropy value of OV
and VO word order groups. Contrary to the con-
jecture, t-score of OV versus VO is negative (-
1.76408) shown in Table 1 (a). It means that OV
language speakers’ population have lower diver-
sity of DNA than VO language speakers’ popu-
lation (although this statement is not signifi-
cant with significant level 5%). To deal with the
problem, we will use the concept of “artificial
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sub haplogroup”.

Table 1. T-test results

oV VO
N 9 13
Mean 0.4369 0.4985
Unbiased var. | 0.0043 0.0059
T -1.96385
Two sided P 0.0636

(a) T-test result with macro HGs

oV VO
N 9 13
Mean 0.677 0.6507
Unbiased var. 0.125 0.0068
T 0.63732
Two sided P 0.53114

(b) T-test result with sub HGs

oV VO
N 6 8
Mean 0.7478 0.7071
Unbiased var. 0.001 0.0009
T 2.48515
Two sided P 0.02869

(c) T-test result with sub HGs
only from Eurasia

oV VO
N 18 40
Mean 0.7917 0.7429
Unbiased var. | 0.0029 0.0059
T 2.44314
Two sided P 0.01774

(d) T-test result with sub HGs
from Europian and sorounding
areas

3.1 Artificial sub haplogroup

Hgs listed in G are macro Hgs and they have
different sizes. For example, Hg M is large and
Y is small. We define the size of Hg by the num-
ber of mutations, insertions and deletions in the
Hg. These numbers are obtained from Phy-
loTree! (van Oven and Kayser, 2008) and listed
in Table 2.

Table 2. Macro haplogroups and their sizes

Hg |A B C D E F G H [HV
Size | 389 725 300| 750] 53| 254] 167[1395] 181

Hg |I J JT [K L0 L1 (L2 (L3 |L4
Size | 131| 443 3| 355] 615] 421 368 564 99

Hg L5 [L6 [M |N 1O P Q |R S
Size | 108 27]2192| 464] 14 159| 123| 601] 61

Hg |T Uu [V (W X Y |7
Size | 393[1110f 80| 107) 188 29| 70

1 Actual data are obtained from
https://www.phy-
lotree.org/builds/mtDNA_tree_Build_17.zip.
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We define the number of sub Hgs (SHgs) of a
macro Hg by the rounded up value of size/100.
For example, the number of SHg of macro Hg M
1s 22 and macro Hg Y is 1. These SHgs are de-
fined artificially. So, we call them “artificial sub
haplogroups”.

3.2 Distribution within artificial sub hap-
logroups

We distribute relative frequency of the macro
Hg g to its artificial SHgs. Uniform distribution
may be too diverse. So, we use Gaussian like
distribution within SHgs. Precisely, when m(g)
is the number of SHgs of a macro Hg g, 7th SHg
(G=1,...,m(g)) has the relative frequency r(@, g/:
r(i,9)

cdf (=3 + 6i/m(g)) X R(9)
(i=1)

{1 —cdf(=3+6(@—1)/m(g))}xR(g)
(i=m)

{cdf (=3 + 6i/m(g)) — cdf (=3 + 6(i — 1)/m(g))} X R(9)

(else)

where cdf(’) is the standard Gaussian cumula-
tive distribution function and R(g) is the rela-
tive frequency of macro Hg g.

The equation of entropy calculation is not
changed except for G is the set of all artificial
SHgs.

4 Results

4.1 Results from the data of the present
paper

Using artificial sub haplogroups, we re-calcu-
late the entropy for the data and re-conduct t-
test. The result are shown in Table 1 (b). The T-
value is positive (0.63732), however, two sided P
is extremely large and the conjecture is not sig-
nificant by these data.

We restrict the data only from Eurasia, ex-
cluding four data from Africa (Esan, Mandinca,
Luhya and Yorba) and three data from America
(Arawak, Zapotec/Chontal and Quechua/Ay-
mara). The result is shown in Table 1 (c¢). The T-
value is positive (2.48515) and two sided P is
small enough which is significant with signifi-
cant level 5%. The detail of the calculation re-
sults are shown in Appendix 1.

Figure 1 shows the ranking of the entropy val-
ues for each language speakers’ population from
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lower to higher. African and American popula-
tions rather have lower entropy value.

€ Gujarati
€ Panjabi
20 @ Tamil
€- Mandarin
@® Telugu
€- Cantonese
@® Bengali
15 €- Vietnamese
® Tailue
® English
€©- Japanese
® Finnish
10 ® [talian
€©- Spanish
° Zapotec or
Py Quechua Chontal
or Aymara e Arawak
5 ® |uhya
® Esan
@® Mende
€©- Mandinka
® Yoruba
0
ov VO

Figure 1. Ranking of artificial SHg entropy
of each language speakers’ population
(lower to higher)

4.2 Results from the data of previous paper

Applying our artificial sub haplogrouping
method to the data of previous paper (Ehara,
2019), we obtain the result shown in Table 1 (d).
The T-value is positive (2.44314) and two sided
P is small enough which is significant with sig-
nificant level 5%.

5 Conclusion

Relation between word order (Object (O) /
Verb (V)) of languages and the entropy of Mito-
chondrial DNA haplogroups distribution of the
speakers’ population is examined. T-test results
using “artificial sub haplogroup” show OV word
order language speakers’ population tend to
have higher entropy value than VO word order
language speakers’ population.

The languages used in this analysis are not
exhaustive. The number of languages are only
14 from Eurasia. The number of languages in
the world are more than several thousand.
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Analysis using the data from these language
speakers is the remaining issue.
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Appendix 1 Base data used in

the research

Base data used in the research are presented
in the following 2 tables.

In Table A1, N means a number of samples.
Lo, L1, ..., C mean name of macro haplogroup
(Hg) (cell values are relative frequency (%) of
each Hg in the sample). The last raw of Table
Al indicates the number of artificial sub hap-
logroups for each macro haplogroup.

In Table A2, feature values for O—V are OV,
VO and blank (No data). Feature values for A
—N (adjective versus noun) are AN, NA, NDO
(No dominant order) and blank (No data). “E
by Hg” means the entropy calculated by macro
haplogroups and “E by SHg” means the en-
tropy calculated by artificial sub haplogroups.
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Table Al. Populations, macro haplogroups and relative frequencies (%)

Area Population N Lo L1 L2 L3 L4 L5 D F G N Y Z H 1 J K T vV w X 19 M R A B C
Esan in Nigeria 99[ 7.071| 20.2| 27.27) 43.43] 2.02| 0) 0 0 0) 0) 0) 0 0 0 0) 0) 0) 0 0 0) 0) 0) 0 0 0 0)
Gambian in Western Division, | 1150 ol 1399] 437070 1771 o] of of o o o o o o o o o o o o smf o o o o o

Africa The Gambia
Luhya in Webuye, Kenya 101f 17.82| 7.921| 11.88| 46.54] 4.95| 9.901] 0 0 0) 0) 0) 0 0 0 0) 0) 0) 0 0 0) 0] 0.99 0 0 0 0)
Mende in Sierra Leone 85| 2.353) 20| 45.88| 28.24| 1.176 0) 0 0 0) 0) 0) 0 0 0 0) 0) 0) 0 0 0] 2.353) 0) 0 0 0 0]
Yoruba in Ibadan, Nigeria 108] 4.63| 15.74[ 35.19] 43.52[ 0.926] 0) 0 0 0) 0) 0) 0 0 0 0) 0) 0] 0 0 0] 0) 0] 0 0 0 0]
éii::se DaiinXishuangbamna, | gql o of o of o of1212{2525 o o o o o o o o o o o o ofz2e24 1414 of19.19]5051
Han Chinese in Bejing, China 103 0 0 0 0) 0) 0] 22.33[ 15.53| 4.854 7.767| 0] 0.971 0 0 0] 0.971 0) 0 0 0) 0] 18.45] 5.825[ 6.796] 11.65| 4.854f

East Asia  [Southern Han Chinese, China 108 0 0 0 0) 0) 0] 21.3] 14.82] 1.852 9.259 0] 2.778 0 0 0f 0f 0f 0 0 0f 0f 17.59] 10.19| 5.556| 14.82| 1.852]
Japanese in Tokyo, Japan 104] 0 0 0 0) 0) 0] 37.5[ 5.769| 10.58 8.654{ 0.962( 3.846 0 0 0) 0) 0) 0 0 0) 0] 13.46) 0] 5.769| 13.46) 0)
5}‘:&‘3{" Chi Minh City, 101 o o o o o of 1os 2673 o 396 099 o o of o o o o o o oB3267[10.89 0.99f20.79| 0.99
Utah residents with NW 99| o o o o o o o o o o o ofswus2l 1018081 303 101| 3035051 of1818 of o o o o
European ancestry

Europe Finnish in Finland 99| 0 0 0 0) 0) 0) 0 0 0) 0) 0) 0] 37.37| 2.02| 7.071| 6.061] 3.03] 4.04] 2.02[ 2.02[ 36.36| 0] 0 0 0 0)

P British in England and Scotland 92| 0 0 0 0) 0) 0) 0 0 0) 0) 0) 0] 42.39| 3.261| 10.87| 5.435| 10.87 0] 2.174| 5.435| 19.57 0] 0 0 0 [
Iberian populations in Spain 107, 0] 0.935 0] 0.935) 0) 0) 0 0 0] 1.869 0) 0] 54.21) 0.935| 3.738| 6.542| 7.477| 5.607| 0 0] 16.82| 0] 0.935 0 0 0]
Toscani in Italy 108 0] 0.926 0 0) 0) 0] 0.926 0 0) 0) 0) 0 50) 0] 7.407| 8.333| 12.04| 1.852[ 3.704] 0.926( 13.89 0) 0 0 0 0]
Bengali in Bangladesh 86 0 0 0 0) 0) 0] 2.326[ 1.163 0) 0) 0) 0] 1.163, 0] 2.326) 0) 0) 0] 2.326) 0] 12.79| 67.44] 9.302[ 1.163 0 0)
Gujarati Indian in Houston, TX 106} 0| 0[ 0.943 1.887] 0f 0f 0 0 0f 0f 0f 0[ 6.604 0[ 0.943[ 0.943[ 1.887] 0f 1.887] 1.887 14.15[ 38.68] 30.19] 0 0 0f

India Indian Telugu in the UK 103} 0| 0 0 0f 0f 0f 0 0 0f 0.971 0f 0[ 1.942( 0.971{ 0.971[ 0.971 3.883 0f 4.854 0f 13.59( 59.22[ 12.62| 0 0 0f
Punjabi in Lahore, Pakistan 96 0| 0 0 0f 0f 0f 0f 3.125[ 2.083 0f 0f 0[ 7.292 0f 1.042 0f 3.125] 0[ 2.083[ 1.042( 11.46[ 57.29] 11.46| 0 0 0f
Sri Lankan Tamil in the UK 103} 0| 0 0 0f 0f 0f 0 0 0f 2.913 0f 0[ 11.65 0] 0.971 0f 0f 0 0 0f 13.59] 48.54] 21.36| 0.971 0 0f
African Caribbean in Barbados 96[ 4.167| 21.88| 39.58| 27.08| 1.042| 0f 0 0 0f 0f 0f 0[ 1.042 0f 1.042 0f 0f 0 0 0f 1.042 0f 0[ 1.042( 1.042( 1.042
gfs““‘"‘" Ancestry in Southwest 66 10.61| 24.24 21.21| 6.3 o of 1.515) of o o o o o o o o o o o ofvs5 1515 01515 0| 1515

. Colombian in Medellin, 94| 1.064| 2.128( 2.128| 4.255| o] o[ 2128 o o o o oftoes of of of2128 o o o o 1064 04255 35.11| 6.383
America Colombia
Mexican Ancestry in Los 6711 o o o o o 01343 o o o o of7463 of of of of1493/1.493 o[ 2985 o 0| 37.31 22.39| 13.43
eles, California
Peruvian in Lima, Peru 86 0| 0[ 1.163| 2.326} 0f 0] 15.12] 0 0f 0f 0f 0[ 1.163 0 0f 0f 0f 0 0 0f 0f 0f 0[ 16.28| 46.51| 17.44f
|Puert0 Rican in Puerto Rico 105[ 1.905| 4.762| 3.81 9,@' 0f 0f 0 0 0f 0f 0f 0[ 1.905 0] 5.714f 0.952[ 0.952 0 0 0of 3.81 0f 0f 36.19] 6.667| 23.81
Number of artificial SHg — a5 4 el 1 ol 8 8 o[ e 1 1 14 o 5 4 4 1] 2| 2| 12| 24 10 4 8§ 4
Table A2. Languages, word order and entropy
Area Population Language OV-VO |AN-NA [EbyHg |Eby SHg
Esan in Nigeria Esan VO NDO 0.401 0.525
Gambian 1?1 Western Division, Mandinka ov NA 0.377 0.506
Africa The Gambia
Luhya in Webuye, Kenya Luhya VO NA 0.473 0.570
Mende in Sierra Leone Mende oV NA 0.388 0.508
Yoruba in Ibadan, Nigeria Yoruba VO NA 0.370 0.503
Ch%nese Dai in Xishuangbanna, Tai Lue VO NA 0519 0.696
China
Han Chinese in Bejing, China Mandarin VO AN 0.650 0.756
East Asia  [Southern Han Chinese, China Cantonese VO AN 0.633 0.752
|Japanese in Tokyo, Japan Japanese oV AN 0.570 0.690
Kinh in Ho Chi Minh City, Vietnamese Vo NA 0500|  0.696
Vietnam
Utah residents with NW 0.459 0.673
European ancestry
Europe Finnish in Finland Finnish VO AN 0.480 0.689
P British in England and Scotland |English VO AN 0.515 0.695
Iberian populations in Spain Spanish VO NA 0.472 0.686
Toscani in Ttal Italian VO NA 0.492 0.687
Bengali in Bangladesh Bengali ov AN 0.358 0.735
Gujarati Indian in Houston, TX [Gujarati oV AN 0.496 0.775
India Indian Telugu in the UK Telugu oV AN 0.421 0.752
Punjabi in Lahore, Pakistan Panjabi oV AN 0.454 0.771
Sri Lankan Tamil in the UK Tamil oV AN 0.428 0.764
African Caribbean in Barbados 0.466 0.562
African Ancestry in Southwest 0.490 0.598
Us
) Colombian in Medellin, Arawak \ NA 0465| 0583
America Colombia
Mexican Ancestry in Los Zapotec/Chontal  |[VO NA/AN 0511 0621
Angeles, California
Peruvian in Lima, Peru Quechua/Aymara |OV AN 0.440 0.592
Puerto Rican in Puerto Rico 0.587 0.639
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