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Abstract

In the process of studying the variability of chromosomal Q-heterochromatin regions (Q-HRS) in human
populations living permanently in different climatogeographic conditions of Eurasia and Africa, as well as
in newcomers, who have successfully adapted to some extreme natural conditions, the data were obtained
that, perhaps, the amount of this genetic material in the genome may be important for some sports. In
particular, it turned out that in the genome of mountaineers the number of chromosomal Q-HRs was
significantly lower than in the control sample and was close to that of the high-altitude natives. The same
results were obtained in a comparative study of newcomers who have been working in the extreme climatic
conditions of the Far North of West Siberia. We believe that these observations can be explained by cell
thermoregulation (CT) the level of which depends on the number of chromosomal Q-HRs. The essence of
CT is elimination of the temperature difference between the nucleus and cytoplasm. The effect of CT can
be indirectly assessed by the level of the body heat conductivity (BHC). An individual with high BHC
cannot make much progress in mountaineering and water sports due to the fact that their body cools rapidly.
However, this individual can be more successful in sports which require effective heat-loss.
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about the role of inborn features of the athlete

Introduction

The study of the literature on the possible role
of heredity in sports shows that there are no
specific studies on this problem, that is, there
are no works that would show the relationship
between a certain genotype and sport
(phenotype). However, the absence of such
studies does not mean that heredity plays no
role in sports. Perhaps here we still know more

than his heredity.

In the process of studying the variability of
chromosomal Q-heterochromatin regions (Q-
HRs) in human populations living permanently
in different climatogeographic conditions of
Eurasia and Africa, as well as in newcomers,
who have successfully adapted to some extreme
natural conditions (high altitudes and the Far
North of Eastern Siberia), the data were
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obtained that, perhaps, the amount of this
genetic material in the genome may be
important for some sports. In particular, it
turned out that in the genome of mountaineers
the number of chromosomal Q-HRs was
significantly lower than in the control sample
and was close to that of the natives of high-
altitude Pamir and Tien-Shan [1]. The same
results were obtained in a comparative study of
newcomers (oil-borers working in the open air
in the oil and gas fields of the Yamal Peninsula
of Eastern Siberia) who have been working
more than five years in the harsh climatic
conditions of the Far North, the indigenous
inhabitants of Siberia and their children [2]. A
fundamental feature of chromosomes of higher
eukaryotes, including man, is the presence of
two evolutionary consolidated types of genetic
material: euchromatin and heterochromatin.
Euchromatin - the conservative portion of the
genome - contains transcribed structural genes,
while heterochromatin - the variable portion of
the genome - predominantly consists of
nontranscribed repeated DNA sequences.
About 15%-20% of the human genome is
composed of heterochromatin regions [3]. To
date, two types of heterochromatin are known:
C- and Q-heterochromatin [4]. There are
several significant differences between them: 1)
C-heterochromatin regions (C-HRs) is found in
the chromosomes of all the higher eukaryotes,
while Q-heterochromatin regions (Q-HRs) -
only in man (Homo sapiens), the chimpanzee
(Pan troglodytes) and gorilla (Gorilla gorilla);
2) C-HRs are known to be invariably present in
all the chromosomes of man, varying mainly in
size and location; 3) despite the fact that
chromosomal Q-HRs exist in the genome of
three higher primates, their broad quantitative
variability is only inherent in human
populations; 4) individuals in population differ
in the number of chromosomal Q-HRs in the
genome; 5) chromosomal Q-HRs does not
change during ontogenesis and show normal
Mendelian inheritance[1-3,5-20].

Despite the fact that in human karyotype there
are 13 loci in which Q-HRs can be detected, i.e.,
there could theoretically exist individuals with

25 Q-HRs in their genome, but such cases have
not as yet been reported. In individuals of a
population the number of Q-HRs on the
autosomes usually ranges from zero to ten
[11,12,16]. The distribution of Q-HRs
variability of chromosomes in populations is
usually described in the form of two main
quantitative characteristics: the distribution of
Q-HRs in a population, i.e., distribution of
individuals having different numbers of Q-HRs
in the karyotype regardless of the location and
the mean number of Q-HRs per individual.
These differences proved to be related to
features of the climatic-and-geographic
conditions of the place of permanent residence,
and not to racial and ethnic composition of the
population.

We examined a large sample (n=385) of
athletes representing the national team of
mountaineers, many of whom participated in
the conquest of Everest [1]. The samples of
mountaineers studied during various seasons
were very different in nationality, sex and age.
They were compared as to the distribution and
the mean number of chromosomal Q-HRs
variability per individual. No significant
differences were observed between the athletes
as regards all quantitative characteristics of Q-
HRs variability. Among mountaineers’ athletes
of the Russian nationality made the majority.
This sample of mountaineers we used to
compare with the control. As can be seen from
Table 1 there are statistically significant
differences between Russian mountaineers and
Russian controls in the distribution and in the
mean number of Q-HRs per individual between
these samples.

Of interest is the fact that the mean number of
Q-HRs per individual was higher in the high-
altitude Kyrgyz sample than in the
mountaineers (whereas we initially assumed
that in this case we should fail to find any
significant differences), also it was lower than
in the Russian controls, but in both cases the
differences were statistically significant (Table
1,2).
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and Russian controls.

Table 1: Distribution and the mean number of chromosomal Q-HRs per individual in mountaineers

Mean number of Q-HRs

Number of Q-HRs Mountaineers (n = 277) Controls (n = 200)
0 46 9

1 81 29

2 100 49

3 39 54

4 9 34

5 2 24

6 4

7 1

Total Q-HRs 444 572

¥*=97.05; df = 4; P <0.001;

1.60 = 0.06;
t=10.40; df=410; p<0.001;

2.86 +£0.10;

Table 2: Distribution and the mean number of chromosomal Q-HRs per individual in mountaineers
and Kyrgyz (natives of high-altitude Pamir and Tien-Shan) controls.

Number of Q-HRs Kyrgyz (n = 284) Mountaineers (n = 385)

0 32 57

1 67 116

2 87 141

3 56 56

4 30 13

5 12 2

Total Q-HRs 589 628
¥*=3118; df=4; P<0.001;

Mean number of Q-HRs 2.07 £0.08 1.63 +0.05
t=4.716; df =531; P <0.001;

The circumpolar zone of Eurasia is inhabited by
people of several nationalities which differ
significantly from each other in origin, culture
and tenor of life. Over the past century this
region has been exploited by newcomers,
mainly Russians. Two Russian groups were
investigated, namely (1) oil-industry borers,
who had been permanently engaged in heavy
physical work for 5 or more years, and (2)
immigrants from various regions of the USSR,
together with pupils of schools.

The distribution and the mean number of Q-
HRs per individuals were compared in natives.
No significant differences were evident in
natives of Western Siberia [2]. Therefore, the

natives were combined into one group in order
to compare it with newly arrived oil-borers who
had become adapted to the extreme conditions
of the North (Table 3). The last two lines of
Table 3 contain information on the
resemblances and differences between the
samples as to the distribution and the mean
number of Q-HRs per individual. There are
statistically significant differences between the
natives of the northern part of West Siberia,
Russian children and Russian controls, in
regard to the quantitative characteristics of
chromosomal Q-HRs (pairs I, 1l and I, 1V,
respectively). There were no such differences
between the indigenous people and the oil-
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borers (pairs I, IlI). Statistically significant
differences were also found between the oil-
borers, Russian children and Russian controls
(pairs I, 11 and 11, 1V) as well as between
Russian children and Russian controls (pairs 11,
V).

Thus, the number of chromosomal Q-HRs in
the genome of oil-borers, who were selected
Russians well adapted to the climatic conditions
of the northern part of West Siberia, is very
similar to that of the Siberian aborigines, but

differs significantly from the controls who were
Russians from moderate latitudes. Of interest,
in our opinion, is also the fact that between
Russian children, who, as a rule, are migrants
of the first or second generations, and Russian
controls there are some differences in the
number of Q-HRs in their genome. We are
inclined to explain these facts by the possible
selective value of Q-heterochromatin in human
adaptation to extreme environmental factors of
far north of Eurasia.

Table 3: Distribution and the mean number of chromosomal Q-HRs per individual in natives of the
northern part of West Siberia, Russian children, oil-borers and controls.
Number of Natives (Yakuts, Russian children Oil-borers Controls
Q-HRs Khants, Selkups)
(n=271) (n=113) (n=43) (n=200)
| 1 il v
0 36 9 4 9
1 68 21 13 25
2 102 27 19 49
3 40 39 5 54
4 19 12 2 34
5 6 3 24
6 2 4
7 1
Total Q-HRs 498 267 74 572
x? = 25.6; 2=23; ¥ = 66.2; ¥ =133, =135 =208
Ll 1L LIV 1,1 [INAV L1V
df = 5; df = 3; df =5; df = 3; df =5; df = 3;
P <0.001; P > 0.50; P <0.001; P<0.01; P < 0.05; P <0.001;
Mean number
of Q-HRs 1.84 +0.07, 2.36 £0.12; 1.72 £ 0.15; 2.86 + 0.10;
tn=3.82, tm=0.63; tiiv=8.2; tun=2.92; tuiv=3.07;  tu,v=6.40;
df = 382; df = 312; df = 395; df = 154; df = 311, df = 89;
P<0.001; P>0.50; P<0.001; P<0.01; P <0.01; P <0.001;

We believe that our studies of the chromosomal
Q-HRs variability in the indigenous population
of the northern part of West Siberia and in new
migrants, albeit indirectly, point to the possible
role of the amount of Q-heterochromatin in the
human genome in certain sports. Of course, the

work of oil-borers is difficult to compare with
the physical activity experienced by a
professional athlete. But judging by the fact that
not all individuals who came to earn good
money at the northern part of West Siberia,
were able to work more than five vyears
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indicates about a serious test of the human body
extreme climate of the Far North of Eurasia. It
is known that the problems with human
adaptation to the extreme climate of the North
are primarily associated with the maintenance
of temperature homeostasis in the body. This
problem occurs when conquering high altitudes
by climbers, as well as during marathon races.

There are studies that individual performance
depends on endogenous factors such as
anthropometric, genetic and physiological
characteristics [21,22] and environmental
factors that affect all athletes [23-25]. In this
regard, it is of interest to observe the athletes
who are engaged in marathon running [26]. For
example,  athletes’”  nationalities  were
categorized into one of the six world regions:
Africa, Asia, Europe, North America, South
America and Oceania. For each year and both
sexes, the contribution of each continent in the
top 100 was calculated. It turned out that the
best performances by men in marathons were
by athletes from East Africa (mainly Kenya and
Ethiopia) and this trend has been progressive
from 1990 to 2011 (16% to 94%). Conversely,
other nationalities, initially dominant in the list
of top 100 performers (from Europe, Asia,
South America, North America and Oceania),
are increasingly less prominent over the same
period, 84% in 1990 to 6% in 2011. This change
in domination also occurred in the speed of the
10 best performers from each continent since
1990. As for the role of seasonality, it turned
out that it has two peaks: the first peak occurs
in weeks 14, 15, 16 and 17 (April) while the
second occurs during weeks 41, 42, 43 and 44
(October). These eight weeks contain 48.7% of
women’s performances (27.6% for April and
21.1% for October) and 54.4% of men’s
performance (29.4% for April and 25.0% for
October). Performances during weeks 25 to 32
(from early June to late August) represent less
than 1% of the total (for more details see [26].

There are other facts indirectly confirming the
possible role of heredity in sports. The example,
more and more countries situated at southern
latitudes have started taking part in the world

sport movement lately. The most notable in this
process is that, natives of this region achieve
great success in sports, requiring (in addition to
other factors) effective heat-loss (football,
professional boxing and marathon race). While
sportsmen from northern latitudes prevail in
water and winter sports and also in
mountaineering.

Comparative tests for endurance of the “whites”
and “blacks” to physical load in conditions of
heat and high humidity demonstrate superiority
of Negroes even over those “whites” who are
used to working in such conditions. On the
other hand, the experience of war in Korea
showed that frostbite occurs much more often
with Negro soldiers than with the “whites”.
Long-term experience of the Indian medical
officers in the Himalayas shows that the South
Indians are physiologically more susceptible as
compared to Gorkhas and North Indians under
identical environmental conditions and that the
high-altitude population is more resistant to
cold injures. It was shown that South Indians
are more susceptible to frostbite than other
ethnic groups of this country [27]. At last, high-
altitude pulmonary edema (HAPE) occurs in
unacclimatized individuals who are rapidly
exposed to altitude in excess of 2500 m above
sea level. However, the question remains: why
HAPE develops only in some individuals, who
are rapidly exposed to high-altitudes? Our
experience in studying the genetics of human
adaptation to high-altitude shows that the
hereditary factor may plays a role.

Discussion

We believe that all of the above observations,
directly or indirectly related to sports, can be
explained by cell thermoregulation. Based on
study of chromosomal HRs the hypothesis of
thermoregulation at the cell level has been
advanced. The essence of hypothesis of cell
thermoregulation (CT) is elimination of the
temperature difference between the nucleus and
cytoplasm when the nucleus temperature
becomes higher than the cytoplasm temperature
[28-30]. The condensed chromatin (CC)
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localized between a nucleus and cytoplasm is
made of different types of chromosomal HRs.
For this reason, CC is subject to wide variability
in population. Obviously, the density of the CC
packing depends on the quantity and quality of
chromosomal HRs in its structure that can
affect upon its heat-conducting ability.

It has been experimentally shown that the effect
of CT can be indirectly assessed by the level of
the body heat conductivity (BHC). In particular,
we were able to show that the amount of
chromosomal Q-HRs influence on the level of
the human BHC. In other words, there are some
parallels in the distribution of the number of
chromosomal Q-HRs and variability of BHC at
the level of human populations [31].

For example, southerner’s bodies have
relatively high heat conductivity [32] it is not
surprising, that they are successful in sports,
which require effective heat-loss. Indeed, a
sportsman with high heat conductivity cannot
make much progress in mountaineering and
water sports due to the fact that their body cools
rapidly. However, this sportsman can be more
successful in sports which require effective
heat-loss.

Thus, our own research and literature data do
not exclude the possible role of heredity in
sports. Usually speaking of heredity implies
structural genes. However, our data indicate the
participation of the non-genetic part of the
genome in human adaptation to cold, heat and
high-altitude climate. Since the maintenance of
temperature homeostasis in the body is critical,
there is nothing surprising in the assumption
that athletes achieve outstanding success in
sports such as mountaineering, professional
boxing and marathon running the role of
heredity can be very important.
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