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Abstract- A comparative study of polymorphic variants of chromosomal Q-heterochromatin regions (Q-HRs) was performed in three ethnic
groups (Kazakhs, Russians, and Uyghurs) of Kazakhstan. The number of chromosomal Q-HRs in the genome of studied individuals ranged
from 0 to 7, with the mean 3.51, 3.51 and 4.15 in Kazakhs, Russians, and Uyghurs, respectively. The studied Kazakhs and Russians showed
statistically significant homogeneity in the distribution of the number and mean number of Q-HRs, while the highest amount of chromosomal Q-
HRs revealed in the Uyghur group. Differences and homogeneity between these three groups in the amount of Q-HRs in their genome are
discussed as evidence in favor of the hypothesis of the possible selective value of chromosomal Q-heterochromatin material in human adapta-

tion to various climate-geographic conditions.
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Introduction

The existence of variability in the number, frequency, size, and
intensity of fluorescence of chromosomal Q-heterochromatin re-
gions (Q-HRs) in twelve polymorphic loci of seven autosomes and
on the distal portion of the long arm of chromosome Y is a well-
established fact. The existence of considerable interpopulation dif-
ferences in certain quantitative characteristics of this variability is
supported by reliable data [1-15].

However, there is no agreement as to the nature of broad quantita-
tive variability of chromosomal Q-HRs, although arguments are
based on the ‘selectionist’ hypothesis. The aim of this report was to
describe the chromosomal Q-HRs variability in the genome of the
three most numerous ethnic groups permanently residing in south-
ern Kazakhstan and compare them with the previously studied pop-
ulations.

Materials and Methods
Sample Characteristics

The Kazakhs, during their ethno-genetic development at the territo-
ry of modern Kazakhstan, formed three large tribal communities, so
-called Joozes (Senior, Middle, and Junior). Senior Joozes lives in
the southern part of modern Kazakhstan, including Almaty, the for-
mer capital of this Republic.

The first Russian migrants from various regions of the Russian Em-
pire appeared on the territory of contemporary Kazakhstan only at
the end of the XIX century. The contemporary Russian population

of Kazakhstan is no less heterogeneous, as unlike the native resi-
dents of this Republic. In addition, after the collapse of the Soviet
Union there was a mass emigration from Kazakhstan to Russian
Federation. Therefore, complete genetic continuity between the
studied Russians of Kazakhstan and the first migrants of from Rus-
sia is not possible.

There are over 10 million Uyghurs living around the world. The ma-
jor share of them still live in the Xinjiang Uyghur Autonomous Re-
gion of the People's Republic of China and around 400 thousand
Uyghurs live around Central Asia with half of this figure residing in
the Republic of Kazakhstan. This ethnic group is the third largest
one in the Almaty region. The appearance of the Uighur ethnic
group was first mentioned in Kazakhstan at the end of the 19th
century. By 1897, there were already roughly 56,000 Uyghurs in
what is today Kazakhstan, according to the Russian Empire Cen-
sus. During the 1950s in China, ethnic tensions and repression of
minority separatist movements led to a mass exodus from Xinjiang
to the Kazakh SSR. They came to various areas of Kazakhstan,
especially southern Kazakhstan, in the late 19th and early 20th
century. Most of the more than 200,000 Uyghurs in Kazakhstan
trace their roots to the migrations during the 1950s and 1960s.

We studied 131 Kazakh, 33 Russian, and 40 Uyghur students from
Kazakh National Medical University named after S.D. Asfendyarov
in Almaty. In the studied samples young men and women whose
parents were from the same ethnic group are included. Henceforth
the first group is referred as Kazakhs, the second Russians, and the
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third as Uyghurs. The age of students ranged from 18 to 25 years.

Cytogenetic Methods

Chromosomal preparations were made using short-term cultures of
peripheral blood lymphocytes. The cultures were processed accord-
ing to slightly modified [21] conventional methods [16]. The dye
used was quinacrine mustard (‘Sigma-Aldrich’, USA). The calcula-
tion and registration of chromosomal Q-HRs variants performed
using the criteria and methods described in detail elsewhere [4,6].

Quantitative Characteristics of Q-HRs Variability and Methods

Used for Comparisons

The following quantitative characteristics of chromosomal Q-HRs

variability were used:

1. The distribution of individuals according to the number of Q-
HRs in their karyotype in population (distribution of the number
of Q-HRs);

2. The derivative of this distribution, an important population char-
acteristic, is the mean number of Q-HRs per individual;

3. The Q-HRs frequencies in each of the twelve polymorphic loci
of seven autosomes (3, 4, 13-15, 21 and 22).

The mean numbers of Q-HRs per individual were compared using

Student's t-test.

Results and Discussion

Results

The three samples were compared as to the distribution of the num-
ber and mean number of chromosomal Q-HRs per individual in
population [Table-1].

Table 1- Distribution of numbers and mean number of chromosomal

Q-HRs in Kazakh, Russian and Uyghur samples in Almat
Populations

Kazakhs (Almaty) Russians (Almaty) Uyghurs (Almaty)

Number of Q-HRs

1 14 (10.7) 2(6.0) 1(2.5)

2 18 (13.7) 6(18.2) 5(12.5)
3 32 (24.4) 11(33.3) 7(175)
4 33(25.2) 5(15.2) 12 (30.0)
5 24 (18.3) 6(18.2) 8(20.0)
6 8(6.1) 2 (6.0) 4(10.0)
7 2(1.5) 1(3.) 2(5.0)

8 1(2.5)

Total 460 (99.9) 116 (99.9) 166 (100.0)
Mean number of Q-HRs 3.51£0.168 3.51+0.254 4.15+0.244
Statistics

th11=0.080; df = 153; P = 0.936;
thlil= 2.410; df = 160; P = 0.017;
th il =1.791; df= 71, P= 0.078;

As can be seen from [Table-1] there aren’t statistically significant
differences between Kazakh and Russian samples. However, differ-
ences in the mean number of Q-HRs per individual between Ka-
zakhs and Russians from Uyghur sample proved to be statistically
significant, viz the mean number of Q-HRs, as the main quantitative
characteristic for the content of Q-heterochromatin material in the
genome, was considerably higher in the Uyghurs (3.51, 3.51 and
4.15, respectively).

The frequencies of Q-HRs in seven Q-polymorphic autosomes and
the distribution of their relative frequencies are shown in [Table-2].

[Table-2] demonstrates that three samples do not differ from each

other in the relative content ('portion’) of chromosomal Q-HRs in
seven Q-polymorphic autosomes, if their frequencies to express as
percentage of the overall number of chromosomal Q-HR. However,
the differences between them are detected when the number of Q-
HRs expressed as a percentage from the number of chromosomes
analyzed (176.1%, 172.5% and 218.7%) of Kazakh, Russian and
Uighur people, respectively. In other words, the increase in the
mean number of Q-HRs are accompanied by increases in absolute
Q-HR frequencies on all the autosomes, and vice versa, that
matched with all of our previous observations [4-11, 17].

Table 2- Q-HR frequencies in seven Q-polymorphic autosomes of
Kazakh, Russian and Uyghur samples
Location of Q-HRs Kazakhs (n =131) Russians (n =33) Uyghurs (n =40)

s 109 (41.7)* 37 (56.1) 43(53.7)
23.7* 31.9 25.7
A 27 (10.3) 6(9.1) 7(8.75)
59 52 4
13 141 (54.0) 33 (50.0) 51(63.7)
30.6 284 30.8
" 37 (14.2) 6(9.1) 13(16.2)
8 52 8
5 37 (14.2) 11(16.6) 22 (27.5)
8 9.5 131
” 58 (22.2) 11(16.6) 116 (20.0)
126 9.5 9.7
- 51(19.5) 12(18.1) 14 (17.5)
1.1 10.3 8.7
460 (176.1) 116 (175.6) 166 (207.3)
Total 100 100 100
Mean number of Q-HRs 3.51+£168 3.51+£0.254 4.37£0.244

* Q-HRs frequency from the number of chromosomes analyzed;
** Q-HRs frequency as percentage of the overall number of chro-
mosomal Q-HR.

In 1982 we examined the Kazakhs aged 13-17 years of Senior
Jooze in Kurday area Jambul region of southern Kazakhstan [4]
Now, after 30 years we managed to explore Kazakh students in
Almaty. Comparative analysis of the distribution of the numbers and
the mean number of chromosomal Q-HRs in of these two samples
are shown in [Table-3] and [Table-4].

Table 3- Distribution of numbers and mean number of Q-HRs of
Kazakh samples in Kurday region of Southern Kazakhstan and
Almaty

Populations
Number of Q-HRs Kazakhs (Kurday)*(n = 101) Kazakhs
0 3(3.0)
1 6(5.9) 14 (10.7)
2 19 (18.8) 17 (13.7)
3 24 (23.8) 32(24.4)
4 20(19.8) 33(25.2)
5 16 (15.8) 24 (18.3)
6 9(8.9) 8(6.1)
7 2(2.0) 2(15)
8 2(2.0)
Total 360 (100.0) 460 (99.9)
Mean number of Q-HRs 3.56 £0.168 3.51+0.103

Statistics t = 0.341; df = 221, P=0.733

As it is shown in [Table-3] and [Table-4] the two samples of Ka-
zakhs statistically significantly do not differ from each other of all
studied by us quantitative characteristics of chromosomal Q-HRs in
population.

In 1982 we also studied polymorphisms of chromosomal Q-HRs in
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198 apparently healthy young men and women of Russian national-
ity [10]. Now, after 30 years we examined the Russian students
studying in Almaty. Comparative analysis of these two Russian
samples is shown in [Table-5] and [Table-6].

Table 4- Q-HR frequencies in seven Q-polymorphic autosomes of
Kazakhs studied in 1982 [10] and 2012 yrs.

Populations

Location of Q-HRs Kazakhs (Almaty)(n = 101) Kazakhs (Almaty) (n =131)
3 84 (41.6)* 109 (41.7)
23.3* 23.7
4 18 (8.9) 27 (10.3)
5 5.9
13 103 (51.0) 141 (54.0)
286 30.6
14 29 (14.3) 37(14.2)
8.1 8
15 33(16.3) 37(14.2)
9.2 8
01 46 (22.8) 58 (22.2)
12.8 126
47 (23.3) 51(19.5)
22 13 1.1
360 (178.2) 460 (176.1)
Tota 100 99.9
Mean number of Q-HRs 3.56 £ 0.168 3.51£0.103

*Q-HRs frequency from the number of chromosomes analyzed;
**Q-HRs frequency as percentage of the overall number of chromo-
somal Q-HR.

[Table-5] show that these two Russian samples, unlike the Ka-
zakhs, are statistically significantly different from each other in
quantitative content of chromosomal Q-HRs in the genome. These
data confirm that the mean number of Q-HRs per individual in the
Russian population in the genome, studied in 2012 was significantly
higher than that of a Russians, surveyed 30 years ago [10].

Table 5- Distribution of numbers and mean number of chromosomal
Q-HRs of Russians studied in 1982* and 2012 yrs.

Populations
Number of Q-HRs Russians-2012 (n = 33
0 10 (5.0)
1 24 (12.1) 2 (6.0)
2 47 (23.7) 6(18.2)
3 54 (27.3) 11(33.3)
4 33(16.7) 5(15.2)
5 25(12.6) 6(18.2)
6 4(2.0) 2 (6.0)
7 1(0.5) 1(3.0)
Total 568 (99.9) 116 (100.0)
Mean number of Q-HRs 2.87 £0.103 3.51+£0.254

Statistics t = 2.368; df = 229; P= 0.019

These two samples of Russians do not differ from each other in the
relative content (‘portion’) of Q-HRs in seven Q-polymorphic auto-
somes, if they expressed as percentage of the overall number of
chromosomal Q-HR [Table-6]. Actually human populations do not
differ significantly from each other in the portion of Q-HRs in the Q-
polymorphic loci of seven autosomes [16]. However, the differences
between these two Russian samples from each other is detected
when the number of Q-HRs are expressed as Q-RHs frequency
from the number of chromosomes analyzed (143.3%and 172.5%).
This fact indicates that the increase in the number of Q-HRs in the
genome of Russians, studied in 2012, at the same time on all seven
autosomes and not by electively mutations those or other Q-
polymorphic loci.

Table 6- Q-HR frequencies in seven Q-polymorphic autosomes of
Russians, studied in 1982 [10] and 2012 yrs.

Populations
Location of Q-HRs Russians-1982* (n = 198) Russians-2012 (n = 33)
3 168 (42.4)* 37 (56.1)
29.6* 319
A 9(2.3) 6(9.1)
1.6 5.2
13 191 (48.2) 33(50.0)
336 284
14 49 (12.4) 6(9.1)
8.6 52
15 62 (15.6) 11(16.6)
10.9 9.5
21 54 (13.6) 11 (16.6)
9.5 9.5
35(8.8) 12 (18.1)
22 6.2 10.3
568 (143.3) 116 (175.6)
Total 100.0 999
Mean number of Q-HRs 2.87 £0.103 3.51+0.254

Discussion

There is no agreement as to the nature of Q-HRs variability, alt-
hough arguments are based on the ‘selectionist’ hypothesis. One
approach, implying that Q-heterochromatin with different locations
are basically similar in structural and functional features, as defined
by us [5] in the following manner: ‘of primary importance to an indi-
vidual is the dose and not the location of Q-variants’. The term’
dose’ is defined as the amount of Q-heterochromatin material in the
genome regardless of its location in any chromosome. In other
words, this approach is based on the assumption that Q-HRs lack
locus-specificity. Those favoring the alternative approach believe
that derivations from expected Q-HRs frequencies, observed in any
loci, reflect some structural and functional features of these loci and
are due either to selection or to non fortuitous segregation of chro-
mosomes bearing the given Q-HRs [18-20].

We suppose, that our new data on the populations living in southern
Kazakhstan does not contradict hypothesis of a possible selective
value of chromosomal Q-HRs in human adaptation to different cli-
matic and geographical conditions of the Earth. Previously, we have
repeatedly shown that the amount of Q-chromosomal HRs in the
genome of human populations depends largely on the peculiarity of
climatic and geographical conditions of their place of residence, and
not on their racial and ethnic features [4-12,16]. The lack of statisti-
cally significant differences in quantitative content of chromosomal
Q-HRs between the two Kazakh samples from the southern Ka-
zakhstan should not be surprising. However, the differences be-
tween the two Russian samples, permanently residing in the same
climatic and geographical conditions, but studied at different times
by the amount of chromosomal Q-HRs in the genome really unex-
pected phenomenon.
In search of the causes of differences in the quantitative content of
chromosomal Q-HRs between the Russian samples studied by us,
we turned to two well-known demographic processes that took
place here in the last two decades:
1. Inter-ethnic marriages, and
2. The mass migration of Russian population from Kazakhstan to
Russia after the collapse of the Soviet Union.

So according to "Express K" "In the last 11 years, the number of
mixed marriages in Kazakhstan is increased by more than a third”.
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According to data from the National Statistical Agency in 1999, such
marriages were 18.402, while in 2010-25.669 marriages. More often
inter-marriage with members of other nationalities involve Russians
and Kazakhs - 8844 and 4246 marriages, respectively " (more de-
tails see “Tengrinews.kz”). However, we believe that inter-ethnic
marriages could not significantly affect the increase of the number
of chromosomal Q-HRs in the genome of Russians living at present
in Kazakhstan. First, we included in our sample of young men and
women whose parents were of Russian nationality. Secondly, there
is no scientific data that themselves inter-ethnic marriages lead to
an increase in the number of chromosomal Q-HRs in the genome of
the population. Therefore, we are inclined to believe that inter-
ethnic marriages could not be the main cause of the observed
differences between the two Russian samples at the chromosomal
level.

Highly probable that the main reason for such a significant change
in the genome in Russians, currently living in southern Kazakhstan,
is a mass migration. But this migration has had some features that,
in the end, really could have led to a substantial increase in the
number of chromosomal Q-HRs in the genome surveyed in 2012
Russian young men and women in Almaty. Such an assumption is
evidenced by the following observations. First, the mass migration
of Russians in Russia after the collapse of the USSR was peaceful
and voluntary, as there were not inter-ethnic conflict, racial, political,
economic or other forms of discrimination. For them was a free
choice to move to their historical homeland, or stay in Kazakhstan.
Second, as it is well known there was no significant economic
stratification of population in Soviet Union, so anyone could leave
for Russia. Thirdly, the poll of the students indicated that the choice
of a permanent residence, their parents were guided mainly by
climatic, rather than economic considerations. Indeed, the standard
of living of the modern Kazakhstan is one the highest among former
Soviet republics. If extremely simplified Russians living in southern
Kazakhstan simply preferred a warm climate.

Because the mean number of chromosomal Q-HRs in the
populations of the southern Kazakhstan indigenous people has not
changed over the last 30 years [Table-3], [Table-4] it is possible that
it (mean number) really reflects the optimal amount of Q-
heterochromatin material in the human genome for life in a that
climate and geographical area. If so, then we can assume that gen-
erally Russians remained in southern Kazakhstan, in which the
amount of chromosomal Q-HRs in the genome were similar to
those of the indigenous population. However, this selection was not
the result of known in science population genetic processes, and
was the result of a free and of conscious choice by individuals
places of permanent residence, where the determining factor was
the climate. But the impetus for this selection has served not ex-
pected Soviet collapse, population genetic consequences of which
remains to be explored.

Relatively large number of chromosomal Q-HRs in the genome of
our Uyghur sample compared with native inhabitants of southern
Kazakhstan also be explained in terms of 'selectionist' hypothesis. It
is known that as an ethnic Uyghurs were formed to the south of
present-day Kazakhstan, in warm and mild climate of the basin of
the river Tarim. In southern Kazakhstan, they have appeared re-
cently and, fortunately, have successfully adapted, as evidenced by
a significant increase in their numbers (see above). Furthermore,
unlike Kazakhs the Uyghurs were not nomads and traditionally were
engaged in agriculture, crafts and trade.

In the present study we were unable to choose unequivocally one of
the explanations for the possible selective value of chromosomal Q-
HRs: locus-specific or integral selectivity determined by the overall
amount of Q-heterochromatin in an individual. However, we feel
that the results of the comparison of quantitative characteristics in
these three groups are strong evidence in favor of hypothesis on
the integral selective value of human chromosomal Q-
heterochromatin regions.
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