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This review outlines the major features and distinctions of cell populations, types and directions of selection in
such populations. Population-genetic basis for cell adaptation to growth conditions in vitro is elucidated; in
particular, peculiarities of genome evolution in the course of cell dedifferentiation and further cell adaptation to
growth conditions in passaged culture are evaluated. Main factors of variation and selection in cell populations
in vitro, influence of growth conditions on structure of cell populations and some regularities of cultured cells
and regenerated plants are considered. Details of creation of stable cell lines-producers of biologically active
substances are presented. Views and suppositions of author resulting from analysis of both literature data and
own multiyear studies on cell population genetics are set forth. Among others are substantiated such key state-
ments: cell culture in vitro presents dynamically-heterogeneous biological system, clone population, which is de-
veloping (evolving) as a result of major driving factors of evolution — variation, heredity, selection and drift of
genes (genotypes); interaction between these processes determines the biological characteristics of each parti-
cular cell line grown in specific conditions, in adaptation of cells to growth conditions in vitro one can single out
three periods: the initial population of isolated cells, the period of strain (cell line) formation and the established
strain. The division into periods is determined by the type, direction and intensity of «natural» selection that acts
in cell population. The formed (adapted to growth in vitro) strains are genetically heterogeneous, they are charac-
terized by the presence of physiological and genetic homeostasis, which are mostly caused by the action of stabili-
zing selection; cultured cells of higher plants are able to synthesize practically all classes of secondary (specialized)
compounds (alkaloids, steroids, terpenoids, etc.); any somatic cell with living (functionally active) nucleus during
its isolation and further cultivation in tissue culture, as a result of the process of «somaclonaly variability occur-
ring according to the N. 1. Vavilov’s law of homologous series in hereditary variability, can restore in it’s descen-
dants, including regenerated plants, the entire genetic polymorphism (or at least a significant part of it) characte-
ristic of the plant’s species and may be even it’s genus. This provides an opportunity to preserve and restore the
natural polymorphism in cultured cells and tissues in vitro.
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Introduction. Eukaryotic cell and tissues cultured in
vitro provide a basis for modern cell and gene techno-
logies. Among these are worth mentioning cell technolo-
gies for improvement, conservation and accelerated pro-
pagation of unique genotypes, including those using cryo-
conservation, creation of principally new genotypes (or-
ganisms) through cell and gene engineering and cell
breeding; obtaining of biologically active compounds in-
cluding recombinant ones from the biomass of cultured
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cells and tissues for needs of medicine, cosmetic and food
industries, cell therapy methods including technologies
based on application of stem cells ezc. [1-7].

No less extensively cultured cells are also used as
model objects and biological systems for studying the
most actual problems of current biology: details of oc-
currence, signal pathways and mechanisms of cell pro-
liferation, cell dedifferentiation including their switch
to stem-cell state, totipotency, pluripotency and omni-
potency; regeneration of tissues, individual organs and
integral organisms efc. [2, 8-12].
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The methodology for maintenance and exploring of
isolated cells and tissues of higher eukaryotes started to
be extensively elaborated in 1930". Cytogenetic studies
of cultured cells approached their peak for mammals
and human in 1960" [8-10, 13], while for plants —in la-
te 1960" —early 1970 [2]. As exemplified by numerous
species, the cells in conditions in vitro are distingui-
shed by significant cytogenetic disturbances. Based on
the results generated the idea arose about the high level
of hereditary variation of cultured cells, the genetic, first
of all chromosomal instability of cell lines and strains.

Major results and key conclusions concerning the
experimental data on the features of genetic variation
and evolution of cell populations in vitro both in plant
cultures and mammalian cells (including human) deri-
ved both in those times and later on appear to coincide
[2,9-11, 14]. Joint opinion shared by researchers of eu-
karyotic cultured cells became insight into culture in
vitro as a new experimentally designed biological sys-
tem [2, 9, 10]. Switch to the systemic analysis of cul-
tured cell populations proved to be the most producti-
ve, as just this approach allowed to reveal major regula-
rities underlying the dynamics of cell populations, their
adaptation to conditions of isolated growth, main trends
in evolution of both the genome of cultured cells and
the cell populations as a biological system.

We consider further details of variability and evolu-
tion of cell populations in vitro, driving forces, mecha-
nisms and consequences of these events, focusing prefe-
rentially on examples of cultured cells of higher plants,
object of authors’ prime interest. Generalizations pro-
vided below are based first of all on experimental data,
obtained in the Department of Cell Population Genetics
of the Institute of Molecular Biology and Genetics of
NAS of Ukraine.

Furthermore, one should take into account that pa-
rallels between animal and plant cell cultures may not
be unquestionable. For example, even closely related
species, cultivars and lines can be distinguished by cer-
tain specific features. The same refers to mammalian
cells as well (see e. g., (2,9, 10, 13, 14]). 4 priori, cul-
tured eukaryotic cells are comparable only by general
traits and key moments of variability and adaptive
evolution, just as, for example, they are similar by their
cell structure and basic aspects of functioning and me-
tabolism.
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We’ll start the review focusing on main statements
of cell population genetics largely formed as a scienti-
fic area in the Department of Cell Population Genetics
of the Institute of Molecular Biology and Genetics of
NAS of Ukraine.

Major features and distinctions of cell populati-
ons. Integration of single individuals into population and
their genotypes into gene pool of panmictic population
are mediated by the recombination of the genetic mate-
rial during reproductive process. Populations of cultu-
red cells are lacking such scale exchange by hereditary
information. Lack of the classic combinative variation
allows referring cell populations to non-Mendelian po-
pulations according to Dobzhansky classification [15].

Integrity of non-Mendelian populations is ensured
preferentially by non-combinative hereditary variation.
In such populations, appearance, change and mainte-
nance of the inherited polymorphism depend largely on
two factors, hereditary (non-combinative) variation and
selection. Hereditary variability in cell populations is
not restricted to mutation one. In the course of evolu-
tion, eukaryotic cells, especially cells of multicellular
organisms, evolved one more type of hereditary varia-
tion, epigenetic one, which in cell populations plays im-
portant and sometimes key role. Yu. Vakhtin claims
that interaction of hereditary variation and selection can
explain the genetic aspects of such processes as cell po-
pulation adaptation to changes in the environment, their
ageing and dying off, transformation of normal somatic
cell populations into malignant ones efc. [9, 10]. When
analyzing the genetic processes in cell populations one
should consider interaction of not only mutation varia-
tion and selection, but also epigenomic variation and se-
lection as well as joint effect of different forms of varia-
tion and epigenetic one on the processes of interplay
between mutational variation and selection.

One more way of interrelation between higher euka-
ryotic cells, but less studied concerning mechanisms,
may be release into environment and exchange with pro-
ducts of metabolism as well as genetic material exchan-
ge between cells, which provide long established facts
(details and ref. see [2, 10, 13, 16, 17].

Lately, the ideas are developing that cell genomes
of multicellular organisms are integrated into common
information space of organism that presents specific
and extremely effective mechanism counteracting to
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mutation pressure [18]. It was put forward and substan-
tiated statement that plant presents a system of cell po-
pulations to be distinguished by plasticity of the gene
pool, which is based on the plasticity of somatic cell ge-
nome, whose interaction with cell selection may ensure
plant adaptability as integral organism and creates pos-
sibility for inheritance (transfer to offspring) of adapti-
ve genome changes acquired through individual deve-
lopment. Most of such genome changes including nu-
merical changes at chromosome level, chromatin, as
well as certain DNA sequences appear to be epigeno-
mic since they likely fail to affect a genetic code and in
principle may be reversible as is especially clearly seen
in the processes of dedifferentiation-redifferentiation
[16, 17].

Cell transfer to culture in vitro means termination
of its existence as one of the structural elements of the
integral organism in whose composition they were in-
cluded earlier. Induction of dedifferentiation (in plants,
callus formation) results in changed morphological and
functional features to be inherent to regular differentia-
ted cells; some of them start to proliferate while other
cells change their reproduction rate. Moreover, cell in
conditions in vitro may go out of control of correlative
factors that direct and regulate activities of various or-
gans, tissues and cells as a unified whole. Conditions and
the mode of cell nutrition may also undergo essential
changes. These influences, which may exceed reaction
norm of cell genome by their force, appear to be stres-
sful and lead to cardinal rearrangements of cell func-
tions and metabolism, significant increase in genome
and epigenome variation, change of direction and inten-
sity of cell selection and, eventually, to substantial chan-
ges in cell population structure. As a result, populations
of cultured cells may differ from original tissues by high
level of heterogeneity (polymorphism) and vast genome
rearrangements. Magnitude and depth of rearrange
ments may, in isolated cases, exceed even interspecies
differences to occur in nature (see, e. g. [2, 19-28]).

Selection in cell populations. Established (long-
term passaged in conditions in vitro) strains and cell li-
nes, just as in whole organism, are preferentially subjec-
ted to two forms of selection, stabilizing and directio-
nal. Cell populations of the intact organisms are domi-
nated by stabilizing selection based on advantages of a
norm over all possible departures from it. As a norm for

proliferating cell populations in intact organism, for
example for plant meristem, appear to be diploid cells
showing karyotype and epigenome typical of given tis-
sue. All aberrant forms (cells with chromosome and ge-
nome mutations) are less adapted; they either loose ca-
pacity for division or divide less extensively and sub-
sequently are displaced from cell population by cells
with unchanged genotype (see [2], sections 4.2, 4.3).

Selection in cell populations is based on the diffe-
rential reproduction of hereditarily distinct cell variants.
Differences in proliferation rate involve changes in
variant ratio: the cell proportion of rapidly proliferating
variant rises while that of variant proliferating more
slowly descends. When there occurs simultaneous non-
selective death of cells (or their switch from population
of meristematic cells to population of specialized ones
that further fail to divide, for example, as a result of dif-
ferentiation), variant proliferating more slowly eventu-
ally may disappear, it will be eliminated by selection. If
population abundance rises all the time and non-se-
lective death of cells occurs infrequently, elimination
of the variant subjected to influence of negative selec-
tion will not occur, there will be decreased only its pro-
portion [9].

Rate of displacement of one variant by the other may
characterize the intensity of selection. Hereditarily (ka-
ryotypicaly) changed variants of cells in the meristem
of intact organisms normally are displaced very quick-
ly thus suggesting high intensity of stabilizing selec-
tion in cell populations (see [2], section 4.3).

In case of pathological or stress state, organism’s in-
ternal environment may deviate from norm. This influ-
ences in the first place on the cells with regular geno-
type (and epigenotype); as a result the intensity of sta-
bilizing selection declines, and hereditarily changed
variants are displaced from population more slowly.
Concurrent with worsening (drastic change) of environ-
ment there is increased incidence of emergence of new
aberrant forms. On the whole, when environmental de-
mands go beyond the limits of genotypic reaction of the
cells, i. e. they are caught in really stress environments
(e. g., upon cell transfer to conditions in vitro), desta-
bilizing selection begin to operate in cell population.
This form of selection leads to dramatic enhancement of
genetic variation as a result of disturbances of organism
correlative systems, largely the hormonal system, ari-
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sing under stress influences [2], sections 4.4, 8.3, 8.4;
[29]. Destabilizing selection may result in considerable
increase of genetic diversity in cell populations. Against
the background of high genome variation, directional or
stabilizing (depending on particular conditions) selec-
tion subsequently begins to act as manifestation of chan-
ged environmental pressure.

Features and effectiveness of various forms of selec-
tion in the course of cultured cell population establish-
ment and in established strains are detailed in the book
[2], sections 8.3 and 8.4. Here, we only note that popu-
lations of isolated cells compared with populations of
mitotically active cells of intact organisms may be gene-
tically much more heterogenous. This heterogeneity is
stable (see [2], section 8.1.3) suggesting the prevailing
effect of stabilizing selection in such populations. In
this case, one should consider that if the trait which
selection influenced on is stabilizing, it doesn’t mean
that the effect of selection on this trait stopped in popu-
lation: there is changed only the type of selection in po-
pulation, its effect is targeted to the support of attained
structure of population and new average value of the
trait. If the intensity of such supporting selection decli-
nes, average cell proliferative activity in population
drops as well. This selection can not be referred to as
stabilizing, if toughly follow the term, because in this
case every hereditary variant showing increased pro-
liferative activity would have the elevated selective va-
lue. We think, however, that when genetic structure even
of very heterogenous population is stable over many
cell populations and passages, then it is preferentially
subjected to the influence of stabilizing form of selec-
tion. Especially clearly it is evident when population
maintains the genetic structure against the background
of high incidence of new genotypes arising (high level
of spontaneous mutations and mitotic irregularities) as
it was demonstrated for the first time in our studies [30—
33]; (see also [2], section 8.3).

Thus, one of the most important factors of mainte-
nance of the genetic heterogeneity may be phenotypic
polymorphism, which ensures existence of population
in varying environments, mediating its lability, and the
occurrence of pre-adaptations Therefore, one may con-
sider polymorphism as manifestation of evolutionarily
formed genetic homeostasis. Natural selection reinfor-
ces the existence of polymorphism through control over
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proportion of the necessary forms [34]. There is direct
relationship between selection and hereditary variation.
In case of drastic environmental changes, population
may adapt to them either using available mutation re-
serve or at the expense of increased frequency of muta-
tions. The emergence of non-directed spontaneous mu-
tations followed by selection promotes gradual changes
in population, with the latter being able to create the im-
pression of being directed. These essentials of popula-
tion genetics, originally found for higher organisms,
currently are considered as common for populations of
any kind.

However, populations of cultured cells have some
specific features, in particular:

— cell populations differ from populations of multi-
cellular organisms and those of unicellular eukaryotes
by the lack of combinative variation, but unlike the for-
mer they demonstrate epigenetic variation which is of
great value for functioning of isolated cells; such popu-
lations are referred to as non-Mendelian with epigene-
tic variation;

— cell isolation from the whole organism results in
disturbances of tissue and organism homeostasis, the
common reason for mutations. Therefore, the more li-
ving conditions of the cells deviate from optimal, the
higher level of hereditary variation and genetic hete-
rogeneity will be, just as is seen in such extreme envi-
ronments as conditions of isolated growth in vitro;

— in the course of generation and establishment of
strains able to long-term subculturing, both genomes of
individual cells and genetic structure of cell popula-
tions become radically changed; individual genome
changes may exceed even natural interspecies differen-
ces [19-28].

These and other details of populations of cultured
cells are reviewed further.

Population-genetic basis of cell adaptation to
growth conditions in vitro. Plant cells cultured in vitro
present clone population, in which individual cells play
role of the organisms. Original cells of the intact multi-
cellular organisms are not programmed for implementa-
tion of these functions. Therefore phenomena to occur
in cell populations in the course of their adaptation to
conditions of durable cultivation in vitro represent the
processes of formation of new biological system and
are of general biological value. This is a unique model
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(but according to experimenter choice being reversible
upon morphogenesis and regeneration events) for re-
gressive evolution of biological system, from multicel-
lular to unicellular level. General theory of evolution
considers regress (morphophysiologic regress) as a de-
velopmental pathway leading to simplified organiza-
tion, loose of important, even basic morphophysiologi-
cal features which were characteristic of more or less
differentiated progenitors [35].

As a result of dedifferentiation upon introduction
of eukaryotic cells and tissues into culture in vitro or
callus formation in plants, there occurs simplification
of organization and structure of the cells, which lost so-
me important and even main morphological and physio-
logical features, inherent to original differentiated cells.
Therefore, based on generally recognized evolution
terms, one may consider callus formation as regressive
way of cell development, like carcinogenesis [8], while
accompanying genome changes as regressive ones. Abi-
lity to such rearrangements seems to determine possibi-
lity for cell dedifferentiation and, eventually, callus for-
mation.

First step for generation of isolated cell culture ap-
pears to be induction of dedifferentiation events and
subsequent divisions of dedifferentiated cells (prolife-
ration). In many plant species especially in dicotyle-
dons, cells of any level of differentiation and speciali-
zation demonstrate potential to dedifferentiation, pro-
vided that they carry living nucleus [36]. Upon callus
formation by such cells, genome in many cases was
found to be rearranged. Both nuclear and extranuclear
genome undergo changes.

Genome evolution in the course of cell dedifferen-
tiation. Induction of dedifferentiation events implies
genome reprogramming and its return to the state cha-
racteristic for proliferating cells, that is genome «reju-
veniation» This is evidenced by genome rearrange-
ment diversity, whose level, type and direction vary bet-
ween different objects. Distinctions in cell genome va-
riation are mediated by plant (species, cultivar, line,
form, etc.) genotype features, state of genome in the
cells of original explant, depth of genome rearrange-
ments as a result of cell differentiation. Especially con-
siderable genome reorganization at every level studied
(genomic, chromosomal, molecular) is observed in tho-
se plants and tissues, which faced more radical genome

rearrangements during ontogenesis. These processes in
vitro are substantially affected by particular conditions
of callus induction and components of nutrient medi-
um, growth regulators in the first place. Thus, peculiari-
ties of the genome variation occurrence during dediffe-
rentiation are determined by genotype-environment in-
teraction. It is based on the fact that wounding, compo-
nents of nutrient medium, particular conditions of cell
culturing affect expression of genes which are respon-
sible for dedifferentiation (callus formation). The same
factors determine activation of certain elements of mu-
tation system.

On the whole, genome rearrangements to be recor-
ded in the course of callus formation in vitro represent
totality of changes various by the origin that include:

— programmed changes to occur during wounding
and induction of dedifferentiation;

— changes and mutations arising in individual deve-
lopment of the original organism and found in case of
passing through mitosis in vitro;

— changes and mutations arising from influence of
conditions for induction of callus formation, which
(conditions) in some cases may go beyond the limits of
regular reactions of particular genotype and induce ge-
nome rearrangements [36, 37].

Mechanisms of genome rearrangements upon in-
duction of cell dedifferentiation (re-differentiation as
well) both in vivo, and in vitro before and during early
mitoses of differentiated, especially highly specialized
cells, most commonly are based on the processes as fol-
lows:

— change in the methylation state of many DNA se-
quences;

— additional DNA synthesis, which is often rather
considerable;

— amplification of individual DNA sequences;

— endoreduplication, other forms of endomitosis;

— change in heterochromatin amount and its distri-
bution pattern within chromosomes;

— extrusion (release of nuclear material outside the
cell boundaries);

— loss of a significant amount of nuclear DNA (es-
pecially typical for highly polyploid cells), in particular
through diminution of chromosome and chromatin;

— cytomixis (exchange of nuclear material between
cells);
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— changes in B-chromosome number (initially, as a
rule, increase in their number, while upon durable pas-
saging, loss of B-chromosomes, especially tissue-spe-
cific ones);

— fragmen tation, constriction and budding of
nuclei (amitosis);

— anomalies of mitosis and cytokinesis, formation
of syncytium, in particular; these commonly result
from anomalies of microtubules;

—nuclear fusions in multi-nuclear cells;

— emergence of micronuclei in absence of aberrant
anaphases;

— segregation of nuclear material in prophase and
metaphase not only in polyploid but also diploid cells
that leads to chromosome number reduction;

—emergence followed by gradual disappearance of
polytene chromosomes (disappearance may obviously
occur gradually, by decrease in thread number in origi-
nally polytene chromosomes);

— somatic meiosis and crossing over;

— transposition of mobile genetic elements etc.

To our opinion, it is ability to such genome rearran-
gements of dedifferentiated cells that underlies the cyc-
le of development inherent to many organisms, in the
first place to plants, cycle of development differentia-
tion-dedifferentiation-re-differentiation.

Development of these processes is seen as follows.
As initial inducer of dedifferentiation serves trauma,
from which variation processes (originally those of epi-
genomic) are triggered that accompany cell dedifferen-
tiation and early steps of their proliferation, naturally
targeted to wound healing. Plant cells change their com-
petence to phytohormones, sucrose and other growth re-
gulators. Use optimal concentrations of these biologi-
cally active components during cultivation tissues in
vitro may not only speed up and enhance, but also dis-
tort programmed occurrence of variation processes. In
other words, genome variability observed during callus
formation presents hypertrophied and somewhat distor-
ted manifestation of the processes naturally occurring
during induction of cell dedifferentiation and prolifera-
tion, for example, upon wounding [36, 37].

Cell adaptation to growth conditions in passaged
culture. Adaptation of cells to conditions of long-term
growth in passaged culture presents complex and mul-
ti-step process. As stated above, it needs radical rearran-
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gement of both function and metabolism of the original
cells of multicellular organism and cell population struc-
ture. Cell adaptation to conditions of durable growth in
vitro seems to occur similarly to other biological com-
munities based on interaction of processes of variation
and selection.

Variation at the early steps of culturing results from
physiological adaptation. Subsequently, during subcul-
turing there occur processes of genetic adaptation ma-
nifested as change in the genetic structure of cell popu-
lations. In the process of cell population adaptation to
growth conditions in vitro we singled out three periods:
period of primary population of isolated cells, period of
formation and that of established strain [33, 38].

The cells found in the period of primary population
(primary callus and first 2—3 passages) are characterized
by comparatively insignificant genetic differences from
mitotically active cells of the original plant (original ex-
plant or wound callus), relative stability of most featu-
res as a result of prevailing effect of stabilizing selec-
tion. Reorganizations of genome in this period are tota-
lity of the changes various by origin (see above).

Within the period of formation, dramatic one in the
course of cell adaptation to growth conditions in passa-
ged culture, there occurs ultimate disappearance of or-
ganism’s integrating mechanisms, cells are preferen-
tially subjected to the effect of destabilizing selection.
The period of formation covers two to eight, sometimes
to 12" passages beginning from cell introduction into
culture in vitro; at this time there occurs substantial
rearrangements of physiological processes in cells and
structure of cell populations as a whole. It is this period
that is distinguished by most radical changes as a result
of which there occurs adaptation of cell associations, as
biological system, to changed relative to primary callus
(zero passage) environmental conditions. Specifically,
in most cases period of formation exhibits such pheno-
mena:

—morphology and growth rate of cell strains (callus
tissues and suspension cultures) is changed;

— parameters of proliferation, i. e. division and growth
rates, tend to decrease;

— rhythms of physiological processes, in particular
circadian rhythms of mitotic activity, are disturbed;

— mitotic regime and distribution of cells by dura-
tion of cell cycle and its individual phases are changing,
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cell populations display increased heterogeneity by both
duration of cell cycle as a whole and mitosis, in par-
ticular;

— the level of genome changes is increasing and
their spectrum is expanding, in the first place proportion
of cells with changed chromosome number rises;

— level and spectrum of chromosome aberrations
are changing; among these changes most essential role
plays the cycle breakage-fusion-bridge;

— frequency of mitosis irregularities increases pre-
ferentially due to impaired spindle (microtubules?);

— expression of genetic information which accom-
panies further changes in methylation of various DNA
sequences is changing;

—level of heterogeneity for majority of cytological,
biochemical and molecular-biological markers is rising;

— simultaneously, there is positive selection of cells
adapted to conditions in vitro and elimination of non-
adapted ones etc.

Against the background of high level and broad spect-
rum of variability and heterogeneity, the directional se-
lection results in genetic adaptation of cell populations.
However, some lines cease to grow and die, apparently
due to the absence of adaptive changes. For related cell
strains practically by all characteristics, there are obser-
ved possible types of evolution: divergence, convergen-
ce, parallelism [2, 28, 38-43].

Main factors of variation and selection in cell po-
pulations in vitro. It is known that hormonal system is
in forefront when organisms respond to stress factors and
processes of adaptation, affecting gene expression, trans-
criptional and translational processes (resulting in apo-
ptosis as well). However, hormones are part of the total
mutagenic and anti-mutagenic systems of plants, which
determine the level of natural (spontaneous) mutations.
Analysis of the results of our experiments and literature
data allowed us to assume that the main reason for the
high genomic variability of cultured plant cells is a hor-
monal imbalance [2], section 8; [44]. Let’s consider
this statement and the consequences ensuing from it, in
detail.

In intact organisms hormonal status and competen-
ce of proliferating tissues is aimed at creating optimal
conditions for cell growth and division. Normally, hor-
mones and appropriate cell competence cause stabili-
zing selection, as a result of which cells with genomic

disorders arising from various reasons are removed
from the population of dividing cells. In differentiating
tissues, hormones and competent cells are different —
depending on future functions not only morphological
and biochemical changes occur in cells under the in-
fluence of phytohormones, but also take place program-
med changes in their genome, aiming ultimately at per-
forming a specific function (see [2], section 4).

In a culture in vitro situation is different. Here one
of the main tasks is getting the cells that divide and grow
(proliferate) rapidly from the differentiated (specialized)
tissues. For this, relevant conditions are empirically spe-
cified: in a nutrient culture medium not only the neces-
sary macro-and micronutrients and energy source (su-
gars) are included, but also added growth stimulators in
different amounts and proportions. Under these condi-
tions, initiation of dedifferentiation and active prolifera-
tion of cells, and the primary callus formation occur. In-
duction of dedifferentiation and callus formation invol-
ves reprogramming of the genome and its return to a
state characteristic of proliferating cells, i. e., genome «re-
juvenation». This is manifested in a variety of genomic
alterations, whose level, type, and direction vary between
different objects. These changes are mainly program-
med (see [2], section 7.2). Therefore, we believe that for
plants, which are naturally capable of forming wound
callus (i. e. where callus formation is evolutionarily fi-
xed and genetically conditioned process (see [2], sec-
tion 5), variability in primary callus results mainly from
physiological adaptation of cells on the basis of epige-
nomic changes. When applying optimal influences for
proliferation, including hormonal ones, living condi-
tions of cells in primary callus in vitro are comparable
to the conditions in vivo in whole (but injured) orga-
nism. These conditions are maintained in vitro for some
time, usually during the first two, at most four passa-
ges. As aresult, primary callus and cells in the first few
passages represent a system that is comparable in gene-
ral with meristem of intact plants or wound callus. Hor-
monal balance of this system ensures its relative homo-
geneity, stability, precise rhythm of mitotic activity
(which is governed, by the way, with phytohormones),
and dominance of stabilizing selection.

In the process of further subculturing, there occurs
selection of cells that divide most intensely and/or
areas of isolated tissues, which grow most extensively,
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i. e. cells with altered hormonal balance and/or altered
reaction (competence) to hormones are selected. Further-
more, there gradually disappear integrating mechanisms
of plant organism, cells switch to the living conditions
that are outside the norm of reaction of their genotype,
i. e. fall into stressful conditions. As a result, destabili-
zing selection begins to act in population of isolated cells.

In case of cell culture initiation, effectiveness of de-
stabilizing selection depends not only on the conditions
of their cultivation, but also on the plant species, its ge-
nome, features of primary explants, i. e. the state of the
genome in the original cells. In other words, the effec-
tiveness of destabilizing selection is determined by ge-
notype-environment interaction where the critical role
belongs to exogenous hormones and competence of the
cells (primarily competence to hormones). Cells of wild
species with simple genomes are characterized by a low
level and a narrow range of genome variability, karyo-
typic in particular. The cells of most cultivated species
are characterized by much broader range of variability
in vitro. This is, apparently, caused not only by polyplo-
id state of most plant genomes, but also by prolonged
exposure to destabilizing selection in the process of do-
mestication and subsequent breeding. As a result, selec-
ted forms appear to be more labile, respond more noti-
ceably to changes in growing conditions (including the
hormonal influences): during the introduction into the
culture in vitro, they demonstrate a wider range of varia-
bility, especially karyotypic one. In many such plant
species the results of destabilizing selection are seen al-
ready in primary callus (see [2], section 7.2).

Against the background of high genomic variabi-
lity, directional selection begins to prevail (as a mani-
festation of changed environment pressure) in cell po-
pulations that forms the population of cells capable of
unlimited growth in specific conditions of isolated cul-
ture. The main mechanisms of variation underlying the
evolution of genomic structure of the cell population
with crucial role of selection, are:

— changes in the number and morphology of chro-
mosomes associated with disturbances and deviations
from the normal course of mitosis, breakage-fusion-brid-
ge cycles and other processes (see previous section);

— somatic crossing over; changes in gene expres-
sion, including their repression and derepression, resul-
ted mainly from changes in DNA methylation;
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— amplification and deletion (reduction) of DNA
repeats;

— transpositions;

— gene mutations.

Because the changes in chromosome number and in-
creased rearrangements of chromosome structure, chan-
ges in the number and distribution of C-heterochroma-
tin are inherent to the culture of isolated cells and tis-
sues of intact plants, while other deviations occur more
rarely within the period of formation, it is reasonable to
assume that the first and most probable and most effec-
tive mechanism of emergence of new genotypes and in-
crease of genetic variability in vitro is the occurrence of
cells with different sets of chromosomes, stabilization
of their number and ratio at a certain level, the selection
of a certain frequency of structural chromosome rear-
rangements that lead to their morphological changes.
Moreover, at first, it is usually seen polyploidization of
certain part of cell population mainly due to endomito-
sis, with further increase in genetic heterogeneity of the
population by the number and morphology of chromo-
somes as a result of deviations from the normal course
of mitosis and breakage-fusion-bridge cycles. And on-
ly further on those changes (rearrangements) mainly
occur, which form new cellular variants with differen-
ces at the level of DNA sequences.

The results confirming just this course of events are
in almost all published papers dealing with the studies
on the genome variability in dynamics of subculturing
(passaging) of cell cultures of various plant species (see,
e. g.,[19-28, 45-51)).

After the 8-10" passage the strains are usually stabi-
lized by many characters studied. Such stable heteroge-
neity is observed against the background of high (some-
times over 50 %) level of chromosomal mutations and
mitosis disorders that lead to the emergence of new ge-
nomes, i. . against the background of permanently high
mutation pressure [2], section 8.3.2; [52]. It should be
noted that one of the ways for regulating the level of
mutation is a change in the efficiency of elimination of
cells with break age-fusion-bridge cycle. The effective-
ness of elimination of such cells, and, hence, also the le-
vel of cells with chromosome aberrations can be regula-
ted by exogenous phytohormones [30, 53]. By changing
availability and ratio of phytohormones in a nutrient
medium one can also affect the ploidy level of cultured
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cells. Mechanisms of such regulation are discussed in
publications (see [2], section 8.3.2; [31, 54]).

It should be emphasized that cultivated for a long ti-
me (tens of passages and more) cell cultures with active
disorganized growth represent heterogeneous popula-
tions of cells with reorganized genomes. Populations
with prevalence of the cells with the original genome
(typical of cells/tissues from source explants), usually
did not grow in passaged culture, they stopped growing
and died in the early stages of subculturing (within the
period of strain formation). Some experiments demon-
strated a direct correlation between callus ability to long-
term growth in vitro and proportion of the cells with
reorganized genome (details and ref. see [2]. Thus, the
adaptation of cells to conditions of continued growth in
vitro is determined by reorganization of original cell ge-
nome regardless of its state in the original explant and
even in primary callus.

Hence, the accumulated results of numerous experi-
ments at all levels of exploring, from the cellular to the
biochemical and molecular genetic ones, suggest that
within the period of established strain most of cell po-
pulations are characterized by relative stability of cha-
racteristics, which became established during the period
of formation, the presence of physiological and genetic
homeostasis caused by the overwhelming influence of
stabilizing selection (direction and strength of which
differ significantly from those in the intact organism
and wound callus).

Genomic reorganizations in the established strains
exhibit nonrandom, canalized character thus indicating
that mechanisms of adaptation and evolution are shared
to some extent by the plant genomes both in nature and
in culture in vitro.

Similar processes and periods (stages) are known
for animal cells in culture during the formation of per-
manent cell lines, tumor growth, as well as in the nor-
mal ontogeny [9, 10, 13, 14, 55]. Such processes and
phenomena are inherent to prokaryotes during the sharp
changes in environment (see, e. g., [56]). This indicates
the universality of cell population adaptive mecha-
nisms, regardless of the degree of evolutionary develop-
ment of organism.

Effect of growth conditions on the genetical
structure of cell populations. The influence of some
culture media components and conditions for induction

of dedifferentiation and callus formation (temperature,
illumination, mineral composition of the medium and
content of various organic additives, sugars, vitamins,
amino acids and the like, ratio among different types of
growth regulators, especially phytohormones) on level
and spectrum of genomic changes during callus forma-
tion were detailed in [2], sections 7.2, 9; [31, 57]. The
composition of the nutrient medium and other external
factors largely determine the direction of genome chan-
ges during cell adaptation to growth in vitro and the-
refore may be used as regulators of cell variability not
only in case of induction of callus formation, but also
during generation of passaged cultures and established
cell strains. Obtaining and further passaging of cell cul-
tures in different conditions can lead to the formation of
strains that differ in many ways, namely by the:

— level and type of chromosome aberrations;

— range of variability by the chromosome number
and their modal class;

— cell distribution by nuclear DNA content;

— ratio of various fractions of repeated DNA se-
quences;

— structural and functional state of DNA, level of
DNA methylation, amount and distribution of hetero-
chromatin along the chromosome ezc.

The change of growth conditions in many cases leads
to a change in the ratio of cells with different genomes
(changes in gene pools of populations). Strains with dif-
ferent duration of cultivation in vitro react differently
to changes in culture conditions. Not-formed strains
found in the stage of primary population or within the
period of formation following the changes in culturing
conditions give rise to culture that is usually different
from the original population by genetic and other para-
meters. Changes in culturing conditions for strains that
had been formed (such as those subcultured over a year)
lead in many cases to changes in the genetic structure of
cell populations that could be revealed best of all via
chromosomal analysis. After 2—4 passages (sometimes
later) in changed conditions there occurs either stabili-
zation of the population at new level of genetic hetero-
geneity or approximation (return) to the original genetic
structure of populations. That is, the established strains
(as opposed to those found within the period of forma-
tion) are characterized by the presence of not only phy-
siological, but also genetic homeostasis caused by the
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prevailing action of stabilizing selection (see [2], sec-
tions 8.3, 8.4; [58, 59]).

Formed strains in a stable environment, even during
decades of cultivation on an industrial scale in factories,
rarely change genetic structure. Change in culturing con-
ditions of mixoploid strains leads to increase in propor-
tion of diploid cells while in diploid strains there is ri-
sing of heterogeneity by chromosome number (range
of variability), sometimes occurs a change in the modal
class. As further cultivation is going on in changed con-
ditions, population may frequently restore the original
ratio of the cells with various chromosome number [2],
sections 8, 9; [54].

Some variability patterns of cultured cells and
plant regeneration. The accumulated results indicate the
presence of certain patterns of genomic variation in cul-
tured cells: the changes that have occurred in cultured
cells, in nature caused both intraspecific and even inter-
species variability. It is found both at chromosomal le-
vel and at level of various DNA sequences, rDNA sequ-
ences, in particular. It is inferred the nonrandom nature
of the genome changes in cultured cells of studied plant
species, namely, their similarity to the changes that oc-
cur naturally in the process of speciation, a certain uni-
ty of mechanisms of adaptation and evolution of plant ge-
nome in nature and in culture in vitro [16, 17, 19-28].

The analysis of biochemical changes also suggests
that in some cases the variability in vitro may go beyond
species limits, that is cells with altered genome may ac-
quire characters typical of members of other genera of this
family. For example, a tropical medicinal plant Rauwol-
fia serpentina in nature is distinguished by the accumu-
lation of several dozen alkaloids, mainly reserpine. The
cultured cells are also able to accumulate valuable alka-
loids (cell selection allows to obtaining strains-super-
producers of some alkaloids —see [2, 3, 46, 61]), but there
is virtually no reserpine, and about 90 % constitutes aj-
maline and in some cases vomilenin. That is, in terms of
this biochemical trait cultured cells of R. serpentina re-
semble cells of the intact organisms of other species of the
genus, R. canescens or R. vomitoria, depending on the
spectrum and number of synthesized alkaloids [46, 61].
It is also known that cultured cells of different species
of poppy, including Papaver bracteatum and P. somni-
ferum, usually do not accumulate morphine alkaloids. In
their biomass dominated sanguinarine and its derivati-

304

ves in amounts and ratios close to those of the cells of in-
tact plants of another species of the family Papavera-
ceae, Macleaya. There are many similar examples [22,
23,62, 63].

The observed feature, canalizing of genomic changes
in the adaptation of cells to growth conditions in vitro,
to some extent makes it possible to predict these chan-
ges and provides targeted search for somaclonal variants
just as it is used in work with intact plants on the basis
of N. I. Vavilov law of homologous series in hereditary
variability. Experimentally it has been proven in work
with corn: after cell selection, plants-regenerants were
derived with new features that were previously found
only in rare cases in individual genotypes (lines), in par-
ticular, somaclonal variants showing high inherited abi-
lity to regenerate whole plants were obtained [64, 65].

However, not all genomic changes that occur in po-
pulations of cultured cells are found at the level of plant
regeneration. Regeneration of plants in long-term culti-
vated strains with substantially rearranged genome is in-
duced with low-frequency; majority of the regenerated
plants is abnormal and usually many of them die in the
early stages of ontogeny. The obtained viable regene-
rants usually have normal karyotype, they are diploid,
rarely tetraploid; the frequency of plants with large ge-
nome rearrangements among them is low. It was found
by us in the case of many plant species (for details and
references, see [2], section 7.3).

Based on these results, we concluded that in geneti-
cally heterogeneous populations, predominantly diploid,
rarely — tetraploid cells without visible chromosomal
aberrations demonstrate ability to regenerate [66—69].
An exception to this rule is some polyploid and hybrid
origin species, among which the regenerant forms with
changed number and morphology of chromosomes are
much more likely to occur. This feature of cultured cells
led to almost collapse of aspirations and hopes that were
pinned on the culture of isolated cells and tissues as an in-
exhaustible source of new plant forms with previously
unknown characteristics valuable for genetics and plant
breeding. Today, you can count on one hand somaclonal
variants with fundamentally new features (evidence and
references, see [2,4, 6,7, 11, 12, 22, 23, 68-71].

Thus, genome rearrangements that are found in cul-
tured cells and regenerated plants follow N. I. Vavilov
law of homologous series in hereditary variability. Fur-
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thermore, range of variability among cultured cells can
sometimes go beyond the genus limits, and among rege-
nerated plants range of somaclonal variability only ra-
rely goes beyond the limits of particular plant species.
Most commonly, variability among regenerated plants
derived from one genotype lies within population varia-
bility of original plant.

Establishment of stable cell lines, producers of
biologically active substances. The above discussed
dynamic stability of genetic structure of formed cell
strains (stability of their gene pool) is underlying the
creation and industrial application of cell biotechnolo-
gies for obtaining valuable plant raw material for medi-
cine, food and cosmetic industries and so on (see details
[2, 3,5, 46]). A number of such cell lines and strains de-
veloped in the Department of Cell Population Genetics
of the Institute of Molecular Biology and Genetics of
NAS of Ukraine possess stability of productivity and
genetic structure for dozens of years of cultivation both
in laboratory and industrial conditions. Stable perfor-
mance of strains-producers is largely due to the use of
supporting selection and special compositions of nutrient
media and other cultivation conditions developed by us.
This concerns first of all the most productive in the world
strains of R. serpentina, which for nearly 40 years inva-
riably accumulate 1.8-2.2 % ajmaline, and highly pro-
ductive, able to growth in industrial conditions strains of
Panax ginseng, Rhodiola rosea, Arnebia euchroma, Un-
gernia victoris, Echium plantagineum, some species of
Papaver, Gentiana and others [2, 5, 61-63, 72-76].

During study on the biosynthesis of secondary meta-
bolites in plant cell culture it has been accumulated a
wealth of information, which indicates the existence of
such regularities:

— cultured cells are able to synthesize almost all
classes of secondary compounds of (specialized) meta-
bolism (phenols, glycosides, alkaloids, including ste-
roids, flavonoids, terpenoids, efc.);

— primary cell cultures often contain an insignifi-
cant, if any, amount of compounds of specialized meta-
bolism, but it can be significantly improved by optimi-
zing the composition of the culture medium and specify-
ing growing conditions, using methods of cell selection,
artificial mutagenesis etc.;

— synthesis of some specific substances (dimer, in-
dole and morphine alkaloids, cardenolides and some

others) in dedifferentiated cultured cells hardly occurs,
with a clear trend: the more complex the structure of
substance and the more specific stages of its synthesis
(after the «branching» from the primary metabolism),
the less probable the synthesis of this compound in cul-
ture of dedifferentiated cells; in many cases, the synthe-
sis of secondary compounds begins only in the case of
occurrence of differentiated (morphogenic) structures in
the cell culture;

— synthesis of secondary compounds usually impro-
ves in case of slowing or stopping the growth of cell
cultures;

— stability of secondary compounds synthesis va-
ries among different classes of substances and different
cell cultures: synthesis of steroid glycosides is usually
stable, while the synthesis of many types of alkaloids —
unstable (except, for example, indoline alkaloids in cell
lines of Rauwolfia serpentina derived by us);

—metabolism of secondary compounds in plant cell
culture is often characterized by both regressive chan-
ges in ontogenetic and phylogenetic plane, that is spe-
cialized turnover in culture shows indications typical of
phylogenetically archaic groups of plants or juvenile
stages of intact plants (for details and references, see [2,
3,5)).

Given these regularities, the cell strains were crea-
ted by obtaining cell populations of corresponding (ade-
quate) genotype (gene pool) which are capable of highly
efficient synthesis of desired compounds and full reali-
zation of this capacity.

The technology of creation of highly productive
strains and specifying optimal conditions for their culti-
vation involves the following steps:

— matching of donor-plant species: different species
have different ability to synthesis of the target substan-
ces in cultured cells, for example, different poppy speci-
es in culture in vitro demonstrate varying potential abili-
ty to synthesize target alkaloids;

— matching of high-performance donor-plant (ori-
ginal genotype), and also sometimes its particular or-
gan or tissue for generation of cell culture;

— manipulations with cell culture, including obtai-
ning of mutants, somaclones and other approaches of
cell selection, aimed at generation of genetically mo-
dified high performance strains (cell populations with
altered gene pool);
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— specifying composition of culture medium, condi-
tions and methods of cultivation, optimal for a stable re-
alization of genetically predetermined capacity for syn-
thesis of target compounds;

— impact on cell growth (proliferation) in tissue cultu-
re aimed at stopping or slowing down cell growth that
may switch cell metabolism towards the synthesis of
substances of specialized turnover: for example, for this
purpose were successfully used inhibitors of transcrip-
tion and translation;

—search for signals by which plants control the syn-
thesis of secondary metabolites in cells (elicitors, non-
specific stressors, efc.) and use of them to increase the
yield of the target product in cell cultures;

— obtaining of organogenic cultures such as root cul-
tures, which in many cases facilitates cultivation condi-
tions and increases the content of target secondary me-
tabolites;

— obtaining transgenic crops (both cell and tissue cul-
tures and whole plants) aimed at synthesizing the target
product, for example of animal origin, vaccines, specific
human proteins, etc. (molecular farming) (for details
and references see [2, 3, 5].

In our Department mathematical models were deve-
loped that allow more purposefully create and charac-
terize new cell lines and strains-producers [77-80].

Plasticity of genome of somatic cells and adapta-
bility of the plants. Summary. Analysis of the results
from long-term study of dynamics of the cell popula-
tions genetic structure, the role and characteristics of
selection in the adaptation of cells to growth conditions
in vitro, variability and features of evolution during
long term growth in passaged culture for 25-30 years
or longer allows the following generalization:

— cell culture in vitro presents a dynamic biological
system, clonal population, which is developing (evol-
ving) as a result of action of major driving factors of
evolution — variation, heredity, selection and drift of ge-
nes (genotypes); interaction between these processes
determines the biological characteristics of each parti-
cular cell line grown in specific conditions;

— adaptation of cells to conditions of prolonged culti-
vation in vitro is complex and multistage; at different
stages of formation of culture in vitro (dedifferentiation
of cells and their subsequent proliferation, the first pas-
sages in vitro, long-term subculturing), there are diffe-
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rent types and levels of variability observed, there are
different types of natural selection, the destabilizing, di-
rectional or preferably stabilizing operated;

—induction of cell dedifferentiation and subsequent
cell proliferation involves reprogramming of genome,
«rejuvenation» of his state, switch of the cell genome
from «specializedy state to that of characteristic for stem
cells;

— the process of adaptation of cells to in vitro growth
conditions can be divided into three periods: the prima-
ry population of isolated cells, the formation of strain,
the established strain; the division into periods is deter-
mined by the type, direction and intensity of «natural»
selection that acts in cell population;

—cell populations of established (adapted to growth
in vitro) strains are characterized by physiological and
genetic homeostasis, which are caused mostly by the ac-
tion of stabilizing selection;

— the established strains are genetically heteroge-
neous cell populations; range of variability of some fea-
tures may for some species (or their individual genoty-
pes?) exceed the interspecies variability in nature;

—much of genome reorganizations in cultured cells
is canalized: variability observed in culture in vitro, is
often similar to the natural variability of plants of rela-
ted species; DNA sequences that undergo changes are
mainly characterized by natural interspecies polymor-
phism within the genus; individual (rearranged in cultu-
re in vitro) sequences resemble sequences characteris-
tic of genome of the intact plants of closely related spe-
cies in nature, the dominance in genetically heteroge-
neous populations of canalized changes may indicate the
adaptability of namely such genomic changes;

— genetic polymorphism of cultured cells derived
from the same plant (genotype), may reflect (restore) all
or at least a significant part of both intrapopulation and
interpopulation diversity inherent to this plant species;

— similarity of genomic changes that occur in the
course of adaptation to the conditions of cell growth in
vitro and genomic variability in nature, including those
in the course of speciation, suggests the possibility of
applying N. I. Vavilov law of homologous series in he-
reditary variability to cell culture, this allows to predict
the features of genomic variability in vitro;

— similarity of genomic evolution, chromosomal in
particular, in cell cultures and genome rearrangements
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that underlie speciation is certainly important for under-
standing some regularities of the evolutionary process
and offers the possibility to simulate it at a cellular level
in vitro,

—much of the genomic changes that occur and found
in cultured cells can not be revealed in plants-regene-
rants: cells with significant genome rearrangements can
not regenerate viable plants, this reduces reality of ex-
pectations for somaclonal variants with properties pre-
viously unknown to breeders, this concerns primarily
plant species with simple (not polyploid) genomes;

— elucidation of features and identifying the key fac-
tors and driving forces of genomic variability of cell po-
pulations in vitro allows to some extent regulate not on-
ly the genetic structure of cell populations, but also the
function of their genome, including the biosynthesis of
secondary metabolites; because of that it were created
highly productive cell lines and strains of rare and
especially valuable medicinal plants, an alternative sour-
ce of environmentally friendly raw material for pharma-
ceutical production.

The above generalized data allow the following as-
sumptions:

any somatic cell with a living (functionally active)
nucleus during its isolation and further growing in
culture in vitro as a result of dedifferentiation and «so-
maclonaly variability (the latter acts within the law of
homologous series in hereditary variability by N. I. Va-
vilov) may restore in their descendants, including rege-
nerated plants, genetic polymorphism (or at least a sig-
nificant part of it) characteristic of the species and may-
be even genus of plants. This feature of somatic cells
opens up new horizons both in cell biology and evolu-
tionary theory, and in various areas of applied research,
including for the conservation and restoration of na-
tural polymorphism, by cultivating cells and tissues in
conditions in vitro.

B. A. Kynax

EBosntonisi KIITHHHUX MOMyNSAUINA in vitro: 0coONMBOCTI, PyIIiiHI
CHJIM, MEXaHI3MH Ta HACJIi KU

Pestome

Posznanymo ocnoéni o3naxu ma 6iOMiHHOCMI KAIMUHHUX NONYAAYIL,
munu i nanpamu 0ii 0060opy y makux nonynayiax. Bucsimaeno nony-
AAYIUHO-2eHeMUYHI OCHO8U adanmayii Kiimux 00 ymoe pocmy in vitro,
30KpemMda, NPOAHANI3068AH0 0COOIUBOCHIT eBONIOYIT eeHOMY 8 npoyeci

pocmy 6 nepecaduiti kyaomypi. O62060peHO 20N08HI YUHHUKU MiH-
aueocmi ma 0060py 8 KIIMUHHUX NONYAAYIAX N VIIro, 61116 YMO8 GU-
POWYBAHHA HA CMPYKMYPY KIIMUHHUX RONYAAYIL MA 0esKi 3aKOHO-
MIpHOCIMI MIHAUBOCMI KYIbMUBOBAHUX KAIMUH | POCIUH-DEeHEePaH-
mie. Hasedeno ocobaueocmi cmeopenusi cmabilbHux KAIMUHHUX Ji-
Hill — NPoOyyenmie 0i002iYHO AKMUSHUX PeH08UH. Buriadeno nozns-
Ou i npunyweHHss asmopa, chopmosati 6 pesyiomami aHaizy K ji-
mepamypHux 0anux, max i 6a2amopiunux GIACHUX 00CAIOICEHb 3 2e-
nemuku Kiimunnux nonyaayiu. Cepeod HU3Ku iHWUX 0OSPYHMOBANHO Ma-
Ki KMIOY08I nonodicents: 1) Kynomypa Kiimun in vitro € OuHamiuHo-ee-
mepozeHHoI0 6i0N02IYHOI0 CUCTNEMOIO — KIOHOB0I0 NONYIAYIEI0, AKA
po3susacmuvca (e6on0yionye) 6 pesyabmami Oii OCHOBHUX PYUILIHUX
YUHHUKIE e8OMI0YiT — MIHAUBOCMI, CRAOKO8OCH, D060pY T Opeligy 2e-
Hi8 (2eHOMuUnig); 63a€mM00is Yux npoyecie 3ymMosaoe 0iono2iuni 0coo-
AUGOCMI KOJHCHOI KOHKPEmHOI KAIMUNHOI NiHii, Wo eupowyemucs 3a
KOHKpemuux ymos. 2) ¥V npoyeci aoanmayii kiimux 00 ymos pocmy in
VItro 8uABIAIOMbCA Mpu Nepioou: NepeuHHol NONYIAYIL i301b0BAHUX
KAIMUH, CIAHO0BIeHHs wmamy (KIimuHHoI 1iHii), cghopmosanozo wma-
MY; ROOIN HA NepiooU UHAUAEMbCA MUNOM, HANPAMOM MA HCOPCMKi-
CMI0 «NPUPOOH020» 0060pPY, WO Oi€ 8 KAIMUHHIL NONYaayii; chopmo-
8awi (adanmosari 00 pocmy in Vitro) wmamu € 2eHeMu4HoO 2emepo2eH-
HUMU, 011 HUX XAPAKMEPHA HAABHICTb (DIZI0I02IYHO20 | 2eHEMUYHO2O
20Me0Cmasy, Wo 6UHAYAEMbCs 30e0L1b1020 JIEi0 cmabinizyyo20 0o-
6opy. 3) Kynemueosari KIimuHu SUWUX POCIUH 30AMHI 00 CUHME3ZY
NPAKMUYHO YCIX KIACI8 CROJYK 8MOPUHHO20 (CNeyianizo8ano2o) 0OMIiHy
(ankanoiou, cmepoiou, mepnenoiou ma iun.). byov-sika comamuyna Kii-
MUHA 3 AHCUBUM ((DYHKYIOHATILHO AKMUBHUM) I0pOM npu il i3011068AHHI
ma noOanbUWOMY GUPOWYEAHHI 3a YMOG KYIbMYypU MKAHUH 6HACTIOOK
NpoYeci6 « COMAKIOHANILHOIY MIHAUBOC, WO 8I00Y8AIOMbCI 8 PAMKAX
3aKOHY 20MONIO2IMHUX psidig y cnadkosit minausocmi M. 1. Basunosa,
MOdIce BIOHOBUMU Y CEOIX HAWAOKAX, Y MOMY YUCIL ceped POCIUH-pe2e-
HEpanmis, yeech 2eHemudnull noaiMopgizm (abo, NPUHATMHI, 3HAYHY
11020 Yacmumy), 61ACMUBUL OAHOMY BUAY, MA, UMOBIPHO, HABIMb I pOOY
pocaun. Lle giokpusae modcnugicmo 30epedcenss i 6iOHOGNCHHS NpU-
POOHO2O NONIMOPEHIZMY 8 KYIbMYPI KITMUH | MKAHUH in Vitro.

Knrouosi cnosa: eeonioyiss eenomy, Kiimuuui nonyaayii, 0o0ip,
picm in vitro.

B. A. Kynax

3BOJ’IK)LII/I$I KJIICTOYHBIX HOHyJ’IS{HI/Iﬁ in vitro: OCOGCHHOCTI/I, JABUIKYIIUC
CHJIbI, MEXAHU3MbI U ITOCIICACTBHUA

Pesrome

Paccmompenwvt ocnognvle npusHaku u Omaudus KIemouHblx nOnyJis-
Yuil, Munvl U HANPAgIeHus Oelucmaus omoopa 8 MaxKux NONYAAYUsIX.
Ocsewjenvl nONYIAYUOHHO-2eHemUYecKie OCHOBbI A0ANMAayUU KIemox
K YCAOBUSIM POCMA in Vitro, 8 4acmHOCMU, NPOAHATUIUPOBAHbL OCO-
bennocmu 260m0YUU 2eHOMA 8 npoyeccce O0edupghepenyuposanus
KIemoK u nociedyloujeti adanmayuu ux K ycio8usm pocma 6 nepecao-
Hott kynvmype. OQbcyscoensvl enashvle hakmopsbl USMEHUUBOCIIU U OTN-
00pa 6 K1emounblX NONYIAYUAX in Vitro, eausHue YCI06ULl BbIpayu-
6aHUA HA CMPYKMYPY KIEMOYHBIX NONYASAYULL U HeKOMOpble 3aKOHO-
MEPHOCIU UBMEHYUBOCMU KYTbIMUSUPOBAHHBIX KIEMOK U pacmeHull-
pecenepanmos. Ilpusedenvl ocobeHHOCMU CO30aHUsL CIMAOUTLHBIX Kile-
MOYHBIX TUHUL — NPOOYYEHMOB OUONIOUYECKU AKIMUBHBIX GeUeCE.
H3n001cenvl 63215001 U nPeOnONOJICeHUs ABMOPA, CPHOPMUPOBAHHBIE &
pesyibmame aHAIU3A KAK TUMEPAMYPHbIX OAHHBIX, MAK U MHO20em-
HUX COOCMBEHHBIX UCCIe008ANUL NO 2eHemuUKe KIeNMOUHbIX NONYs-
yui. Cpedu npouezo 060CHOBAHYL CLEOYIOUUE KIIOUEBble NOLONCEHUSL:
1) Kynomypa Knemox in vitro a6asemcs OUHAMUYHO-2emepo2eHHOU OUo-
J102UYeCKOll CUCMeMOU — KIOHOBOU NONYIAYuel, pazeuearoujelics
(a60110YUOHUPYIOUWET]) 6 pe3yibmame OelicmeUs OCHOBHbIX OBUIICY-
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wux Paxmopos I600YUU — USMEHHUBOCTU, HACIEOCMEEHHOCMU, OM-
6opa u dOpeliha 2eHos (2eHOMUN0B); 63AUMOOCUCMEUE IMUX NPOUYECCO8
obycrosnueaem 6uosocuNecKue 0COOEHHOCMU KANCOOU KOHKPEeMHOL
KAEMOYHOU TUHUU, 8bIPAUYUBAEMOU 8 KOHKPEMHbIX YClo8usix. 2) B npo-
yecce aoanmayuuy K1emok K yCio8usam pocma in vitro @blagisiomes mpu
nepuooa: nepeudHol NONYIAYUY U30AUPOBAHHBIX KIEMOK, CMAHO6/e-
HUSL WmMamma (Kiemounoul JuHuu), chopmuposanno2o wmammd, pas-
oenenue Ha nepuoobl Onpeoeiaemcs Munom, HanpaeiIeHuem u JHcecm-
KOCMbIO «NPUPOOH020» 0mOopa, 0elicmeyioue20 6 KienmoyHoll nony-
aAYuU; chopmuposanmvie (a0anmuposantvle K pocmy in vitro) wmam-
Mbl AGNAIOMCS 2eHEMUYECKU 2emepo2eHHbIMU, Ol HUX XAPAKMEPHO
Hanuuue YuzUOI0SULeCKO20 U 2EHEMUIEeCKO20 20MeOCmasd, 4mo o0oy-
CIOBIEHO 8 OCHOGHOM Oelicmeuem cmadunusupylowezo omoopa, 3)
Kynvmusuposannvie knemku eblcutttx pacmenuti cnocoOHbl K Cunmesy
NPaKmMuuecKy 6cex Kiaccog coOeOUNeHUti 6MmopuuHo2o (cneyuanusupo-
8AHH020) 0OMeHa (anKanoudvl, cmepouosl, mepneHouosl u op.). Jlobas
comMamuyeckas KnemKa ¢ HCUBbIM (YYHKYUOHANLHO AKMUBHBIM) AOPOM
npu ee u30IUPOBAHUL U NOCTEOYIOWeM BLIPAWUBANUU 8 YCI0BUAX KYb-
mypul mKamet 6cie0Cmeue npoyeccos «COMAKIOHANbHOUY USMEHYU-
80CMU, NPOUCXOOAWUX 8 PAMKAX 3AKOHA 20MONOLUYHBIX PAOOE 6 HA-
creocmeennol usmenuueocmu H. U. Basunosa, modcem 6occmano-
BUMb 6 CBOUX NOMOMKAX, 8 MOM YUCIe CPeOU pacmeHUll-peceHepaH-
mos, eechb eeHemuyeckull NOIUMOPGUIM (Unu, 8 Kpaiinem ciyyae, 3Hd-
YUMENbHYI0 €20 4acmb), NPUCYWULL OAHHOMY 8UOY, U, 8EPOSMHO, 0d-
JKce U poody pacmenuil, Ymo OmKpulédaem 603MOACHOCHb COXPAHEHU
U 80CCMAHOGACHUS NPUPOOHO20 NOIUMOPDUIMA 6 KYIbMYPe KNeMmOK
u mKauetl in vitro.

Kniouesvie crosa: sgonioyus cenoma, Kiemounvie NONYIsayull, om-
bop, pocm in vitro.
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