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Abstract

In spite of the fact that chromosomal Q-heterochromatin regions (Q-HRs) in the genome have been opened almost
half a century ago, we still know extremely few of their possible roles in the human life activity. One of the reasons
of such state is the lack of methodical approaches mostly suitable to the nature and features for chromosomal
Q-HRs. In the present work the existing methodical approaches of the human chromosomal Q-HRs has been
analyzed, beginning from empirical observations up to the analytical approaches, aimed to detect regularities of
Q-HRs distribution and possible effects at population level, in norm and pathology. It is appeared, that all depends
on how we consider the nature of chromosomal Q-HRs, namely, whether they are structurally uniform formations
in genome or their possible effects depend on features of Q-HRs localization on this or that chromosome in the
human karyotype.
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1. Introduction

The fact that chromosomes of the higher eukaryotes consists of two important components - euchromatin and
heterochromatin - has been determined in the thirties years of the 20" century (Heitz, 1928, 1934, 1935). In the
seventies of the last century it has been found out, that there are, at least, two kinds of constitutive heterochromatin:
C-heterochromatin, existing in genome in all of the higher eukaryotes and Q-heterochromatin, which can be found
out in genome only in three higher primacies (Homo s. sapiens, Pan troglodytes and Gorilla gorilla) (Caspersson
et al., 1970; Paris Conference, 1971, 1975; Pearson, 1973, 1977; ISCN, 1978).

There is the huge literature devoted to study of microscopic structure, molecular composition, methods of
identification and a quantitative estimation of chromosomal C-heterochromatin areas (C-HRs) in karyotype,
detailed in a number of reviews (Schmid, 1967; Prokofyeva-Belgovskaya, 1986; Verma & Dosik, 1980a; Stahl &
Hartung, 1981; Ibraimov & Mirrakhimov, 1985; John, 1988; Verma, 1988; Bhasin, 2007). The present work
considers the same questions regarding human chromosomal Q- heterochromatin regions (Q-HRs). Therefore we
will start with results of the first empirical observations which have been based into all subsequent analytical
works, aimed at searches of a possible biological role of chromosomal Q-HRs in the human genome.

2. Empirical researches

The early 1970’s witnessed the development of several new cytochemical methods for studying microscopically
certain types of constitutive heterochromatin directly in chromosome preparations (Paris Conference, 1971, 1975;
ISCN, 1978). One of the important results of such studies was the discovery of genetic polymorphism at the
chromosomal level due to the high variability of the heterochromatic regions. We owe the discovery of
Q-heterochromatin polymorphisms to a group of scientists at the Karolinska Institute in Stockholm headed by the
noted Swedish cytologist T. Caspersson (Caspersson et al., 1970), who were able to show that by using appropriate
methods to stain chromosome preparations with quinacrine mustard a remarkable picture could be seen under a
fluorescent microscope: each homologous pair of metaphase chromosomes has an individual pattern of differential
fluorescence by which it can be identified. These authors showed that individual areas of certain chromosomes
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vary considerably in their intensity of fluorescence; specifically, that there are bands with particularly brilliant
fluorescence in the centromeric region of chromosome 3, the short arms of acrocentric chromosomes 13-15, and
the distal portion of the long arm of the Y chromosome. Evans and co-workers (1971) found similar brilliantly
fluorescent areas on autosome pairs 21 and 22. It is now firmly established that brilliantly fluorescent polymorphic
areas can be found only on seven autosomes — 3, 4, 13-15, 21, 22, and the Y chromosome. Later, at the Paris
Conference on Standardization in Human Cytogenetics it was recommended that this method be termed Q-staining
(from quinacrine mustard), and that fluorescence chromosomal bands be called Q-bands (Paris Conference, 1971,
1975; ISCN, 1978).

Unlike C-heterochromatin, Q-heterochromatin is not always apparent. C-heterochromatin is known to be present
in absolutely all the 46 chromosomes of the human karyotype, varying only in size and location. In contrast,
Q-heterochromatin may be completely absent in any of these chromosomes without any appreciable pathologic or
other phenotypic consequences to the carrier, whereas complete absence of C-heterochromatin even in one
chromosome is an extremely uncommon occurrence (Paris Conference, 1971, 1975).

Appropriate studies have shown that Q- and C-heterochromatin variants sometimes differ in both their location
and their size in those chromosomes where they are located in the same regions (the Y chromosome, chromosome
3, and the short arms of acrocentric chromosomes (Verma & Dosik, 1980b). C-heterochromatin is known to
account for 15-29% of the human genome. According to some authors, heterochromatic Q-band variants of a
certain class may be completely absent in a considerable portion of a human population (Yamada & Hasegawa,
1978; Al-Nassar et al., 1981; Ibraimov & Mirrakhimov, 1982a,b,c, 1985; Ibraimov et al., 1982, 1986). Thus, there
is ample evidence of significant qualitative and quantitative differences between regions of Q- and
C-heterochromatin.

The chief morphologic expression of Q-heterochromatin polymorphism in differences among individuals in a
given population in the presence, fluorescence intensity, size, and location of Q-heterochromatin in 12
polymorphic loci of seven autosomes (3pl1qll, 4pllqll, 13pl1, 13p13, 14pll, 14p13, 15pl1, 15p13, 21pll,
21p13, 22pl1, 22p13) and in the ql2 band of the chromosome Y. It should be emphasized that there is no
individual in human population who has Q-heterochromatin in all the 13 potentially polymorphic loci. The number
of Q-heterochromatin variants usually range from 0 to 10 (Ibraimov, 2010, 2015; Ibraimov & Mirrakhimov,
1982a,b,c, 1985; Ibraimov et al, 1982; 1986; 2013; 2014). After Q-staining, brilliant fluorescence
(Q-heterochromatin) is usually seen on one-half to two-thirds of the long arm of the Y. It is the variable size of the
brilliantly fluorescent band (q12) of the long arm of the Y that mainly accounts for the polymorphism in this
chromosome (Paris Conference, 1971; 1975).

At the stage of empirical researches basically the questions of identification, the account and registration of
variants of chromosomal Q-HRs have been studied. The matter is that the discovery of chromosomal
polymorphism in man after Q-staining necessitated the development of a rational and unified system of recording
Q-heterochromatin variants, primarily quantitative, for subsequent statistical analysis. Comparison of the
frequency of various types of Q-variants in different populations (normal, pathologic, age group, ethnic groups,
etc.) and assessment of their possible adaptive value are the most important problems in any study on human
chromosomal polymorphism.

Currently the following quantitative measures of chromosomal Q-heterochromatin polymorphism in human
populations:

e  The frequency of Q-HRs in 12 potentially polymorphic loci of seven autosomes. It is usually expressed in
percentages of the number of chromosomes analyzed, separately for each polymorphic locus;

e  Thedistribution of Q-HRs in a population, i.e., distribution of individuals having different numbers of Q-HRs
in the karyotype regardless of the location (distribution of Q-HRs), which also reflected the range of Q-HRs
variability in the population genome;

e  The mean number of chromosomal Q-HRs per individual, as determined by dividing the total number of
Q-HRs detected in a given sample by the number of individuals studied;

e  The size of the Y chromosome, being (a) large (Y = F), (b) medium (F >Y > G), and (c) small (Y = G).

Various aspects of the heritability of human chromosomal Q-HRs variability detected at this stage of researches.
The heritability of Q-HRs variants has been the object of several studies. Phillips (1977) studied the pattern of
inheritance of Q- and C-HRs variants in 36 subjects in three unrelated families and found that 50% of the offspring
inherited chromosomes having polymorphic variants. Robinson et al., (1976) studied the segregation pattern of
polymorphic chromosomes in 32 families and found that, on the whole, there was complete agreement of actual
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data with those predicted by Mendelian law. Similar conclusions were also drawn by other investigators
(McKenzie & Lubs, 1975; Tupitsina & Stobetsky, 1980).

Thus, at the stage of empirical observations it was possible to find out: 1) localization of chromosomal Q-HRs in
the human karyotype and methods of their identification; 2) existence of morphological variants of chromosomal
Q-HRs in a human population; 3) mode chromosomal Q-HRs inheritance in the raw of generations; 4) to
standardize the variants of chromosomal Q-HRs (Paris Conference, 1971; 1975; ISCN, 1978), required for
comparative population researches. Thus, thanks to empirical observations it was possible to find out existence of
wide variability of chromosomal Q-HRs in genome of human populations. Though these works have not opened
the role of chromosomal Q-HRs in the human life activity, they have allowed beginning the systematic researches
aimed to find out biological role of Q-HRs in evolution and development of the higher primacies.

3. Analytical researches

There is no agreement as to the nature of chromosomal Q-HRs variability, although all arguments are based on the
‘selectionist’ hypothesis. One approach, implying that Q-heterochromatin with different locations is basically
similar in structural and functional features, as defined by us (Ibraimov et el., 1986; 1990) in the following manner:
‘of primary importance to an individual 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 chromosomal 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 chromosomes bearing the given Q-HRs (Geraedts & Pearson, 1974; Mikelsaar et al., 1975; Nazarenko, 1987).

Let's begin with the analysis of the second as we conditionally name, a locus specific approach. The supporters of
such approach in the obvious or latent form mean, that Q-HRs, localized on different chromosomes in the human
karyotype, represent different by its properties and biological effects hereditary structures. This is evidenced by the
researches, where the authors pay paramount attention to frequencies of homo (+/ + or -/-) and heterozygotes (-/+)
of chromosomal Q-HRs in population; namely the agreement of observed homo- and heterozygote frequencies in a
population with those predicted by the law of Hardy-Weinberg. Though there are no direct instructions in the texts
of these researches, that authors at this draw an analogy with the well-known HbS (as at sickle-cell anemia),
nevertheless, judging by the method of the selected statistical analysis it is difficult to exclude such possibility.

It should be noted that frequencies of homo- and heterozygous chromosomal Q-HRs variants were not studied by
all investigators in terms of the Hardy-Weinberg law. Nevertheless, there are many published studies in which the
authors have performed a detailed analysis of the agreement of observed frequencies and those predicted by this
fundamental law of population genetics (Schnedl, 1971; Inuma et al., 1973; Mikelsaar et al., 1974; Geraedts &
Pearson, 1974; Muller et al., 1975; Buckton et al., 1976; Van Dyke et al., 1977; Al-Nassar et al., 1981; Ibraimov &
Mirrakhimov, 1982a,b,c; Ibraimov et al., 1982; Stanyon et al., 1987; Kalz et al., 2005; Decsey et al., 2006).
Agreement was found in most cases. However, several authors found some discrepancy between observed and
predicted frequencies of certain Q-HRs variants in the seven autosomes. We decided not to examine these
observations in detail, since the reasons for these discrepancies between observed homo- and heterozygote
frequencies and those predicted by the Hardy-Weinberg law are unknown. Therefore, we shall only list the
hypothetical explanations for these discrepancies suggested by the authors of these studies: 1. Methodological
difficulties involved in the calculation of Q-HRs variants; 2. Sample sizes, since the Hardy-Weinberg law is
known to be valid only for a large, randomly mated population; 3. Natural selection in the case of excess
heterozygotes in a population in certain polymorphic loci (Geraedts & Pearson, 1974; Mikelsaar et al., 1974;
Miiller et al., 1975; Bobinson et al., 1976; Tupitsina & Stobetsky, 1980).

We found no statistically significant deviations between observed homo- and heterozygote frequencies and those
predicted by the Hardy-Weinberg law even in those cases where: 1) the sample consisted of no more than 40
subjects; 2) the population had a long term exposure to extreme climate conditions (the extreme North of the
Eastern Siberia or high altitudes of Pamir and Tien-Shan); or 3) a relatively high level of inbreeding had occurred
(Ibraimov & Mirrakhimov, 1982a,b,c; 1985; Ibraimov et al., 1982, 1986). Jacobs (1977) is of the opinion that it is
premature to test the agreement of observed homo- and heterozygote frequencies with those predicted by the
Hardy-Weinberg law, since methods of calculation of the Q-band variants are not sufficiently accurate because of
the continuous nature of the size distribution of the Q-HRs in a population.

In order to investigate the possible role of Q-HRs variants in the development of malignant diseases, Kivi and
Mikelsaar (1981) studied 37 female patients with ovarian or breast cancer and 150 normal female subjects of the
same age. The following parameters were evaluated in both groups: the frequency of Q-HRs variants in seven
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autosomes, the mean number of brilliantly fluorescent Q-bands, and the frequency of inverted chromosome 3.
Their results showed that the presence of Q-polymorphic variants was not associated with the high risk of
developing ovarian or breast cancer. Mikelsaar et al. (1981) attempted to establish a correlation between
Q-heterochromatin chromosomes and the variability in stature by studying Q-polymorphism in 589 normal
Estonian subjects (180 males and 409 females). The subjects were classified homo- or heterozygotes according to
each Q-polymorphic band analyzed, and each Q-polymorphic band was investigated in relation to stature. The
authors were unable to find any statistically significant correlation between Q-HRs polymorphism and stature in
females. However, such a correlation was observed in males for bands 13pl1, 21pl1, 22pl11, and 22p13. Also
heterozygous males were consistently taller on the average than homozygous males.

The study history of inversion of Q-heterochromatin segment of the human chromosome 3 is the other bright
example of the locus specific approach to find out the chromosomal Q-HRs possible role in the human life activity.
Allderdice (1973) was the first to describe pericentric inversion of the Q-heterochromatin band in chromosome 3
(inv 3) (p15ql12) in two phenotypically normal subjects. Later, Soudek et al. (1974) found such an inverted
chromosome 3 in three mentally deficient patients. After further investigations on sibs of these patients with inv 3
authors proposed to regard this variable chromosome 3 as a polymorphic feature. Subsequently, Soudek and Sroka
(1978) studied the frequency of inv 3 in 370 mentally deficient patients and 222 mentally normal subjects. The
frequency of inv 3 was found to be 4.05% in the former and 4.32% in the latter. These authors investigated the
segregation of inv 3 in six families and found no significant deviation from the mendelian distribution. Mikelsaar
et al. (1978) came to the same conclusion after a comparative study of 102 normal newborns and 45 mentally
deficient subjects of Estonian nationality.

Fogle and McKenzie (1980) studied a large black family consisting of 83 members and covering four generations
and found inv 3 in 23 of them, this inversion occurring in in a homozygous form in three of those affected. Those
authors found no noticeable mental or other pathologic deviations in any of the 23 members of this family who
exhibited inv 3 both in hetero- and the homozygous form. Kivi and Mikelsaar (1981) studied 74 female subjects
with malignant breast and ovarian tumors and 80 healthy female subjects and found no differences in this
parameter (8.1% and 7.5, respectively), a finding that is in good agreement with data obtained previously in their
laboratory during evaluation of the frequency of inv 3 in an Estonian population.

Verma and Dosik (1980b) performed a comparative analysis of Q- and C-bands in chromosome 3 after QFQ and
CBG staining (ISCN, 1978). In several cases the authors found complete agreement in the location and sizes of Q-
and C-HRs variants. However, they observed cases where this polymorphic area of chromosome 3 failed to show
any intense fluorescence despite the fact that CBG staining revealed the presence of a C-band and vice versa. This
observation led the authors to conclude that these two methods of staining (QFQ and CBG) of chromosomes yield
different information of heterochromatin polymorphisms of chromosome 3.

Soudek and Sroka (1978) were right in pointing out that this interesting cytogenetic marker does not always
receive due attention in comparative population studies. Therefore, in all the populations of Eurasia and Africa
studied we accurately recorded the frequency of inv 3. Among all the populations we studied, the frequency of inv
3 proved to be highest in Russians (6.0%), this inversion occurring even in homozygous forms (0.5%) in this
sample. Among the eight populations of Asia Mongoloids studied, this inversion was observed in only five of
them, with a frequency ranging from 0.3% to 3.0%. We explained this fact by the presence of a European
“admixture” in their gene stock that was due either to their ethnic composition (the Kazakhs and the Kyrgyz) or to
a definite stage of their political history in the past (Mongolians, the Chukchi, the Yakut), i.e., to the forefather
effect (Ibraimov, 2010; Ibraimov & Mirrakhimov, 1982a,b,c, 1985; Ibraimov et al., 1982, 1986). There is no other
explanation for the fact that among 400 Japanese (Yamada & Hasegawa, 1978), 124 Chinese, 120 Khakass, and
two Kyrgyz populations of Pamir and Tien-Shan not a single case of such inversion was found. Furthermore, this
inversion was absent in 148 Mozambiquan, 132 Angolan, 34 Zimbabwean and 13 Guinea-Bissau natives whom
we studied. However, we found inv 3 among 52 Ethiopians (2.9%) in whose gene stock the existence of a Europoid
component is universally recognized.

Kurmanova (1991) studied 277 mountaineers of the Russian nationality at whom inv 3 was met at 23 individuals,
and its frequency in the sampling was comparable to that in the control (6.8 % and 6.0 %, accordingly). Thus,
under this quantitative characteristic of chromosomal Q-HRs variability these two samplings of the Russian did
not differ essentially. In other two groups of mountaineers ("metises" and the mixed group) inv 3 was met with
frequency of 4.8 % (3 individuals) and 4.4 % (2 individuals), accordingly. Unfortunately, in none case she did not
manage to carry out the family analysis. Nevertheless, the existence of inv 3 in the metises group it is possible to
explain for that they have, at least, Russian as one of the parents. Both individuals with inv 3 in the mixed group as
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appeared to be Caucasoids, that once again testifies in favor of the assumption that inv 3 is the original
“Caucasoid” marker.

In connection with the aforementioned, we consider that the inverted chromosome 3 (having in mind its pericentric
inversion of Q-heterochromatin segment) is the original “Caucasoid” cytogenetic marker; and under frequency of
its occurrence in the sampling, it is possible to judge of existence of European “impurity” in this or that population
(Ibraimov & Mirrakhimov, 1982a,b,c, 1985; Ibraimov et al., 1990, 1991). Our conclusions were completely
confirmed by Rossi (1985) at research of some the Mexican populations. Thereupon, we think it is interesting to
use this cytogenetic marker of ethnic anthropology in study of intensity of process metisation in a modern society
where there is a mixture of various racial, national and ethnic groups as it is possible to define precisely the inv 3
frequencies in initial populations.

Thus, to summarize the results of researches where for finding-out the possible role of chromosomal Q-HRs in the
human life activity we attached paramount significance to a place of their localization in karyotype, it is possible to
consider, that as a whole they were useful and instructive.

Now, let’s proceed to the approach where chromosomal Q-HRs is considered as a single structural-and-functional
system in the human genome and regard as of paramount importance the total quantity, instead of localization of
Q-heterochromatin segments in the karyotype. At this, if it concerns a concrete individual, then the important
criterion to estimate variability of chromosomal Q-HRs their number (from 0 to 10) is considered in karyotype and
if it concerns population, then the mean number of chromosomal Q-HRs per individual, as determined by dividing
the total number of Q-HRs detected in a given sample by the number of individuals studied.

The assumption of absence of Q-HRs locus specificity, revealed by Q-staining, we stated on the basis of that
observation, that at increase or decrease of an mean number of Q-HRs per an individual in populations there is a
proportional increase or decrease in frequency of Q-variants on all Q-polymorphic loci simultaneously (Ibraimov,
1993; Ibraimov et al., 1986). In particular, it has appeared, that if to range all samples as the mean number of
Q-HRs increase; and to execute the same operation with frequencies of Q-variants on seven Q-polymorphic
autosomes, then distribution of populations on frequencies of Q-variants in these autosomes, as a whole,
corresponds to their distribution on the mean number of Q-HRs calculated per individual in populations. The same
was defined by us at the analysis of data from all other researchers (Buckton et al., 1976; Lubs et al., 1977; Kalz et
al., 2005), revealed in the conditions of the same laboratory the interpopulation distinctions on the mean numbers
of Q-HRs (Ibraimov, 1993, 2010).

In favor of the assumption about locus specificity absence in chromosomal Q-HRs variants the following testify:
1) despite the fact that in the human karyotype there are 25 loci where chromosomal Q-HRs could potentially be
found, in reality the maximal number of Q-HRs does not exceed 10 (Yamada & Hasegawa, 1978; Al-Nassar et al.,
1981; Ibraimov & Mirrakhimov, 1985); 2) in human populations the number of Q-HRs in the karyotype usually
ranges from 0 to 10 (Ibraimov & Mirrakhimov, 1985) without visible phenotypic effects; 3) distribution of Q-HRs
in a population is near normal (Ibraimov et al., 1986, 1990, 1991); 4) at the population level the distribution of
Q-HRs on seven Q-polymorphic autosomes is uneven, the greatest number of Q-HRs is found on chromosomes 3
and 13 (over 50%), the rest are more or less evenly distributed on the other five autosomes (Ibraimov, 1993, 2010);
5) human populations do not differ from each other in the relative content of Q-HRs on seven autosomes (the
portions of Q-HRs on autosomes 3, 4, 13, 14, 15, 21 and 22 on average are 25.5%, 3.5%, 30.7%, 8.6%, 12%,
10.6% and 9.1%, respectively) (Ibraimov, 1993; 2010; 2011); 6) the quantitative content of chromosomal Q-F2s
in the population genome is best determined by the value of the mean number of Q-HRs per individual (X))
(McKenzie & Lubs, 1975; Yamada & Hasegawa, 1978; Al-Nassar et al., 1981_Ibraimov & Mirrakhimov,
1982a,b,c, 1985; Ibraimov et al., 1986, 1990, 1991); 7) decreases and increases in X in a population are due to
simultaneous but proportional decreases or increases in the absolute number of Q-HRs on all the seven
Q-polymorphic autosomes (Ibraimov, 1993; Ibraimov et al., 1986; 1990); 8) there are significant interpopulation
differences in the quantitative content of chromosomal Q-HRs in the population genome (Buckton et al., 1976;
Lubs et al., 1977; Ibraimov & Mirrakhimov, 1982a,b,c; Ibraimov et al., 1982, 1990, 1991; Kalz et al., 2005); 9)
these differences proved to be related to features of the ecological environment of the place of permanent residence
and not to the racial and ethnic composition of the populations (Ibraimov and Mirrakhimov, 1982 a, b, c; 1985;
Ibraimov et al., 1982, 1986, 1990, 1991, 2013); 10) changes in the amount of Q-HRs in the population genome
have a tendency towards a decrease from southern geographical latitudes to northern ones, and from low-altitude
latitudes to high-altitude ones (Ibraimov & Mirrakli~ov, 1982a,b,c, 1985; Ibraimov et al., 1982, 1990, 1991,
1997, 2013); 11) both decreases and increases of the X value are as a rule accompanied by narrowing or widening
of the range of variability in the number of Q-HRs in a population (Ibraimov, 1993, 2010); 12) segregation of
individuals in a human population with different number of Q-HRs in the karyotype (from 0 to 10) is due to the fact
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that Q-HRs are unevenly distributed on seven potentially Q-polymorphic autosomes (Ibraimov, 1993, 2010); 13)
males in a population differ from each other in the size of the Q-heterochromatin segment of the Y chromosome
(Paris Cznference, 1971, 1975; Yamada & Hasegawa, 1978; Ibraimov & Mirrakhimov, 1985); 14) in different age
groups X values differ, the greatest number of Q-HRs is characteristic of newborns, while the least number - in
elderly subjects (Buckton et al., 1976; Ibraimov et al., 2014); 15) in the first days, weeks, months and years of life,
ceteris paribus, among healthy children the infants often die with the greatest number of Q-HR in genome
(Ibraimov & Karagulova, 2006); 16) individuals that are capable to adapt to the extreme climate of high altitudes
(e.g. mountaineers) and to that of the Far North (e.g. borers - oil industry workers of the Jamal peninsula, Eastern
Siberia) have extremely low numbers of Q-HRs in their genome (Ibraimov et al., 1986, 1990, 1991); 17)
individuals with a lesser number of Q-HRs in their genome proved to be prone to alcoholism and obesity, while
those with great number of Q-HRs - to drug addiction (Ibraimov, 2010; 2015); 18) Q-HR on the Y chromosome is
the largest in the human karyotype, and its size, on average, is twice larger than all the Q-HRs on autosomes, taken
together (ISCN, 1978; Ibraimov & Mirrakhimov, 1985); 19) Q-heterochromatin on the Y chromosome, being the
largest in the human genome, —mehow “restricts” the total content of Q- HR on the autosomes in males. On the
population level the value of * is influenced by the amount of Q-HR on the Y chromosome - for example in
samples of males with great blocks of Q-heterochromatin on the Y chromosome the mean number of Q-HRs on
their autosomes is lower and vice versa (Ibraimov et al., 2000); 20) there is some mechanism that compensates for
the deficiency of Q-heterochromatin material in the female genome due to the lack of Y chromosome in their
karyotype by increasing the amount of Q-HRs on autosomes. This pattern persists regardless of age and
racial-ethnic characteristics of human populations (Ibraimov et al., 2014a); and at last, 21) individuals in
population truly differ from each other in body heat conductivity and its level depends on the amount of
chromosomal Q-HRs in human genome (Ibraimov et al., 2014b).

As it is seen from above stated, the non-locus specific approach has allowed clarifying some regularities in the
distribution of chromosomal Q-HRs at level of populations, and some effects of this type constitutive
heterochromatin upon the human life activity.

Of course we are far from the idea that the above listed regularities and effects are limited by the role of
chromosomal Q-HRs in the human genome. It will not be surprising if it turns out that Q-HRs has many other
important effects on life activity of three higher primates.

4. Concluding remarks

Despite the fact that chromosomal C- and Q-heterochromatin are defined by a single term, “constitutive
heterochromatin”, they are undoubtedly significantly different intrachromosomal structures. There are several
significant differences between them: C-heterochromatin is found in the chromosomes of all the higher
eukaryotes, while Q-heterochromatin — only in man (Homo s. sapiens), the chimpanzee (Pan troglodytes) and
gorilla (Gorilla gorilla) (Pearson, 1973, 1977). C-HRs is known to be invariably present in all the chromosomes of
man, varying mainly in size and location (inversion). Q-HRs variability can be found in man only on seven
autosomes (3, 4, 13, 14, 15, 21 and 22), as well as on chromosome Y. Chimpanzees have Q-HRs on five autosomes
(14, 15, 17, 22 and 23), while in gorillas they are present on eight (3, 12, 13, 14, 15, 16, 22 and 23) and on
chromosome Y (Paris Conference, 1971; 1975; Chiarelli & Lin, 1972; Pearson, 1973, 1977; Dutrillaux et al.,
1981). Chromosomal Q-HRs is subject to considerably greater variability in any population as compared to
C-HRs. Erdtmann (1982) emphasized that “recent analyses... show a great population and evolutionary stability of
C-band homeomorphisms... From interpopulation comparisons, C-band means show a tendency to maintain a
constant amount of constitutive heterochromatin”.

The most remarkable in all this, to our opinion, is the fact of Q-heterochromatin detected in genome of only three
higher primacies. This circumstance, in its time, made some researchers to search for relation between Q-HRs
variants and the human intelligence. Thus, Lubs et al. (1977) were unable to find any correlation between 1Q and
the distribution pattern of Q-HRs variants in a group of children aged 7-8 years. Schwinger and Wehner (1976)
were also unable to find any correlation with the frequency of Q-HRs in seven autosomes of 89 randomly selected
normal subjects and 244 patients with various types of mental disorders. Tharapel and Summit (1978) also found
no statistically significant differences in Q-HRs polymorphism between 200 mentally deficient subjects and 200
controls. The results of Matsuura et al. (1979), obtained in patients with different forms of mental deficiency, are
not at variance with these observations.

In due time we have supposed to consider chromosomal Q-HRs as a single structural-and-functional system.
Usually the system is meant as an aggregate singled out real or imagined elements in any way from other world
(Bertalanffy, 1968). It is possible to consider this aggregate as a biological system, if: 1) each of elements is
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indivisible further (not in the physical sense, but conditionally); 2) it co-operates with world around as whole; 3)
the relations existing between elements of the singled out aggregate are set, and at evolution between them an
unequivocal conformity remains, that is there is some orderliness.

Indivisibility of Q-HRs, located in 12 polymorphic loci of seven pairs of autosomes and on the distal part of Y
chromosome results from specificity of cytochemical methods used now for their revealing (Caspersson et al.,
1970; Paris Conference, 1971; 1975; ISCN, 1978). As for the second requirement it basically is reduced to the
following: as closer to a place of human dwelling to the northern pole, as well as with increase in height of the
location above the sea level, the amount of Q-heterochromatin decreases in the human population genome,
irrespective of race-ethnic features of populations, and reduction of the content of Q-HRs occurs proportionally on
all Q-polymorphic autosomes. Thus, if to require, that elements of the assumed system would co-operate with the
world around as a whole unit, the facts of proportional decrease or increase in quantity of Q-HRs on
Q-polymorphic autosomes in a human population gene pool, depending on features of the ecological environment
round their dwelling, apparently, convincingly enough testify in favor of the aforementioned representation
(Tbraimov, 1993, 2010, 2011, 2015; Ibraimov et al., 1986).

Concerning the third requirement, probably, it is worth to notice once again, that:

1) portion of Q-HRs variants in 12 Q-polymorphic loci of seven pairs of autosomes in the populations, expressed in
percentage of number of the Q-variants revealed in this or that sampling, remains comparable, irrespective of the
values of mean numbers of Q-HRs calculated per individual in populations (Ibraimov, 1983, 1993, 2010, 2011);

2) even in those populations where the mean number of Q-HRs per individual are very low, there is not the
disappearance of Q-heterochromatin on the autosomes with low frequency of Q-variants and, moreover, the
contribution of Q-high polymorphic, and the Q-low polymorphic chromosomes in the total pool of
Q-heterochromatin material remains quite comparable in different samplings, regardless their racial or ethnic
origin or characteristics of their permanent residence place (Ibraimov et al., 1986, 1990, 1991, 2013).

3) the distribution of the numbers of Q-HRs in the population always has the form close to a normal distribution
(Ibraimov, 1993, 2010). All this is possible if the studied genetic material in the human genome will behave at the
level of populations as a single self-sustaining structural and functional system (Ibraimov, 1993; Ibraimov et al.,
1990).

The bulk of the data obtained on over of half a century empirical observations and analytical studies, described
above, have allowed us to hypothesize that ‘of primary importance to an individual is the dose and not the location
of Q-variants’ and to assume that the possible effect of chromosomal Q-HRs in the human body depends on its
total amount in the genome (Ibraimov et al., 1986). And really it turned out that, for example, the level of human
body heat conductivity directly depends on amount of chromosomal Q-HRs in his genome (Ibraimov et al.,
2014b). Thus, we have concluded that all of the existing methods to analyze chromosomal Q-HRs is the most
fruitful approach when this type of constitutive heterochromatin is considered as a single self-sustaining structural
and functional genetic system in human genome.
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