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MOBILE GENETICS AND FORMS
OF HERITABLE CHANGES IN EUKARYOTES

The real insight in the eukaryolic genome means knowledge of the structure of genelic
elements, the characier of dynamic links belween them and some holistic features of
the system. The siructure of the eukaryotic genome can be naturally subdivided on fwe
classes of elements: an obligatory and [acu{tative ones. Accordingly, we need lo dis-
criminate belween {wo different forms of heritable changes — mufations and variafions.
Muiaiions correspond to all changes with genes. Variations are various kinds of chan-
ges in the popuintions of genomic faculiafive elements. Variations may be direcfed and
connecled with multiple site specific alterations. The spontaneous mulalion process in
nature is medialed by the system of facullative elements. Their activafion in nalure
induces sudden muiation outbursts, appearance of new genetic constructions and site
specific rearrangements. Foculiative elemenis are the first lo reacf on environmeniof
challenge. Varialions can be presented as an operotional memory of the genome, Bel-
ween obligalory and facultative elements Ihere is constant flow. The behavior of fran-
sposons in the eukaryotic genome may be model for lhe adequate description of epigenic
inherifance. There is logic and real necessily {o use ifhe epigene concepi for describing
of elementary uniis of epigenefic inheriignce.

In this paper I try to present a general approach to the description of
heritable alterations in eukaryotes. This task seems important. «Mobile»
genetics in many aspects contradicts classical genetics on which the
current theory of evolution is based.

An adequate description needs to take into account the complexily
of the structure of the cell heredilary system. Inheritance can be consi-
dered as the cell’s property lo provide transmission in a series of gene-
rations all the specific structural and functional iraits and specific cha-
racter of ontogenesis, We will use word genome in a broad sense as an
equivalent of the whole cell genetic system which determines individual
heritable differences. Such a meaning corresponds to the final words of
the classical paper about genefic regulation that «the genome conlains
net only a series of blue-prints, but a coordinate programme oi protein
synthesis and the means of controlling its execution» [1]

Mutations in the framework of {raditional genetics implicit any chan-
ges of molecular structure of genes, their position and number. Butl do
the muiations in this sense embrace all possible hereditary alterations?
The answer is no.

Mobile genome: obligatory and fecultative elements. The birth of
mobile genetics is dated in the carlier 1950s with a series of publications
by Barbara McClintock and the A. Lwoff, F. Jacob and E. Wollman irom
Pasteur Institute. McClintock concluded that the mutant condition may
depend on ihe action of controlling mobile elements able to be inserted
in various loci. They may be present or absent in the genome, The diffi-
culty to connect controlling elements with definite DNA structures in-
creased the mystery of McClintock’s conclusions.

However, the principal support of her ideas came from studies of
other facultative elements: episomes and lambda phages in all their in-
carnations. The lysogeny model was published by A. Lwoff in 1953. As
this event were into history we can conclude that its impact on the pro-
gression of genetics together with subsequent analysis of episomes by
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E. Jacob and E. Wollman appeared to be as essential as the discovery
of the DNA double helix in the same year. The virus with all its genetic
machinery might be a genomic facultative element. In the integrated
state viruses are indistinguishable from a chromosome element with the
potential to supply the host cell wilth new properiies. Thus the genome
does not have an absolute barrier from invasion by foreign genclic ele-
ments.

In the context of this paper I can't resist the temptation lo cile the
prophetic conclusion made at the beginning ol 1960s: «All intermediate
categories may  be formed bet-
ween the viruses (exlrinsic, in-

Jtemnative informations) macromolecules

R vele 1 reTang . .
‘:n‘l)::\:l;ildi:fmgc;ﬁcfaruhali\'eelcmcn:s fECtIOUS! plasmlds) and the nor-
genes and gene families mal genelic determinants of a
cell (inirinsic, noninfeclious, and
OBLIGATORY ELEMENTS integrated). Between heredily and
infection, between cellular patho-
\ logy and cellular physiologys
amplification MEinserions between nuclear and cytoplasmic

heredity, the episomes, as studied
in bacteria, provide the link» [2%.
RNA intermediaes insertons of retrotranseripts The aUthOl’S, E. Jacob and E. Woll-

\

transfer 10 ME multiple transpesitions

Fig. 1. Main potential ways of intercon-
versions between obligatory and faculta-
tive elements of the genome. Arrows in-
dicate directions of ftransitions. It is
in chromosomes in cytoplasm shown that aspects of facultativness con-

(Ii:erns also behavior of oblijgate gtenes,
plasmids xogencus retroviruses can be mutatio-
\:/ nally transformed to plasmids and trauns-
\ / pesons and vice versa. Other facultalive

virnses elements are shown on the fig. 2

FACULTATIVE ELEMENTS

LARSPOSORS

man, regarded these considerations as main contribution of bacterial ge-
netics, In fact, episome studies appeared to be crucial for lhe develop-
ment of the new mobile genetics with discovery a whole kingdom of fa-
cultative elements.

The eukaryotes in their essence are multigenomic symbiolic con-
structions. But apart irom seli-reproducing organelles the structural ele-
ments of the genome may be naturally subdivided on two subsystems or
parts: the OBLIGATORY ELEMENTS and the FACULTATIVE ones or
OE and FE [3].

The chromosomal genetic loci are only the skeleton of the genome.
The subsystem of FE includes the hierarchy of intra and extrachromoso-
mal elements varying irom highly repeated and satcllite DNA, to trans-
posons, pseudogenes and retrotranscripts, amplicons, plasmids, additio-
nal chromosomes and various endosymbionts, The FE may he defined
operationally by two criteria: [1] they can be present or absent, and
when present their number and topegraphy vary in different cells, lissu-
es, individuals; [2] their intrinsic properties promote to deviations in
the character of bhasic informational processes: replication, transcription,
translation and segregation. For instance, highly repeated sequencies
are characterized by frequent under or overreplication, they usually
are not transcribed; plasmids and B-chromosome do nol segregale
regularly, etc.

Absence of linkage of DNA content in the haploid genome with ta-
xonomic status and frequent cases of its drastic differences in closely
related species was called as «C-paradox», The word paradox was given
due to the evident violation of some basic implicit postulates of classical
genetics: (a} all genetic material of chromosomes consists of genes, all
DNA has an informational function; (b) the list of genes with their al-
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leles correspond to genotypes, However, a lot of structural aspects of
eukaryotic genome appeared to be paradoxal (Fig. 1}: mosaic structure
of genes, programmed oniogenetic rearrangements, ability of many seg-
ments to exist both in chromosomal and plasmid staies, the abundance
of transposons in their different incarnations and the ubiquitous presence
of cytobionts.

Nearly 50 families of mobile elements (ME) are described in Droso-
phila. They comprise up to 12 % of the haploid DNA conient. The mam-
malian genome contains up to 50000 dispersed copies of retroposon
LINE near by 6500 base iong. Short Alu mobile element family has about
300000 dispersed copies. In fact, each individual has his own pattern of
number and topography of mobile elements.

Intracellular symbionts (viruses, bacteria, protozca) need also to
be viewed as FE of the genome. They may confer on the host cell impor-
tant new properties especially in physiology and mode of reproduction.
The behavior of rhabdovirus sigma in Drosophila is one of the best stu-
died examples [4]. The single-stranded RNA virus is non-contagious.
But it is stabely tfransmitted maternally through egg cytoplasm and ma-
kes flies sensilive to CO,. Each oogonia of stabilized sensitive fecmales
contains 10—40 virus particles and mature oocytes contain about 106
ones. This physiological trait is inherited cytoplasmically and its expres-
sion depends on the concentration of the intracellular viral population.
Males of stabilized line transmit sensitivity only sporadicatty. Some Dro-
sophila stocks are immune io virus infection and some sigma mutants
can overcome this immunity. The striking analogy of Drosophila heredi-
fary sensitivity to CO, with the behavior of a phage-bacteria system was
noticed long before the rhabdovirus sigma was actually isolated [2]. The
general approach needs to use the term <horizontal transfer» to all rela-
tively stable presence in the genome various facultative cytobionts. Thus
it is became clear that in nature such transfers are regular events,

It should be stressed that aspects of facultativeness concern also ob-
ligatory genes (Fig. 1, upper lines). Introns in some sense may be viewed
as facultative intragene elements. As they are spliced they have the ca-
pacity to «absorb» different kinds of inserts without any apparent con-
sequences on normal gene function. Many genes can undergo an alter-
native splicing depending on developmental stage and tissues, Faculta-
tive translation is also described.

Interconversions in the subsystems of OE and
FE. The prophetic scheme titled as «possible variations of episomess»
[2] predicted continuous gradation in the behaviour and propertics of
FE. In fact, the be stabilized as duplicated gene copies. These events may
be viewed as interconversions in subsysterns of the OE and FE. There
is constant flux between the obligate and facultative subsystems.

Mutations and variations. The two structural subsystems of the ge-
nome exhibit different characteristics of heritable alterations. Mutation,
in the classical sense, connected mainly with alterations of OE, i. e. chan-
ges in the structure, position and number of genes. (In a more general
sense mutations implicit any changes in linear structure of genetic ele-
ments). But FE exist in the genome as peopulations of informational mac-
romolecules, The character of their alterations and their response to the
action of cxiernal faclors is quite different in comparison with OFE. To
describe the various heritable alterations in the subsystem of FE, T have
suggested [8] the term VARIATION f{irstly used by F. Jacob and E. Woll-
man for episome behaviour [2]. Recently P, Foster after studies on an
adantive mutation problem oifered to use the term <«variant» «to distin-
guish potentially transient changes in the cell’s informational macromo-
lecules from mutations, which are heritable sequence changes in the
DNA» {9].

Thus there are mutations and mutants and there are variations and
variants. Spontaneous mutations according classical theory occur in the
progeny of some individuals, by chance, rarely with frequency near 10-6
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for a gene/generation. Mutations can be induced by action of strong en-
vironmental factors (radiation, chemical mutagens et al).

Heritable changes of FE occur on the level of iniracell population
of informaticnal macromolecules. Let’s take the well studied phenomenen
of hybrid dysgenesis in Drosophila, In the case of P-M dysgenesis in Fl
hybrids from paternal P-stock having active P transposons with the fe-
males of M-stock devoid of P-active copies and cytoplasmic repressor of
transposition, an outburst of mobility of P-elements occurs, This results
in an outburst of insertion mutations and chromosomal rearrangements,

ENVIRONMENT
Repealad, stONA
hMobile elements
i i of GENCOME Hetrotr‘anscnpts
Eﬁpomstrﬂe?and OBLIGATE FACULTATIVE Retroviral DNA

- ini LEMENTS = ELEMENTS Amplified DNA
DrN‘:n‘;?I:tsammg b B-chromosomes
o Piasmids
Cylabionls

MUTATIONS VARIATIONS

Fig. 2. Mutations and variations and character of their ocecurrence under action of envi-
roriment. Arrows indicate the direction of the links, while their width corresponds to the
intencity of their force

damages of germinal cells and slerility. There are multiple transpositi-
on events in lhe separate sensitive celis. The general frequency of chro-
mosomal rearrangements in the F1 progeny of dysgenic crosses may
reach fantastic frequencies — more 10 %. The chromosomal breaks are
ordered and site-specific. They occur at the sites of the original locali-
sations of P-elements. The multisite inversions were observed with the
samc frequency as simple ones [10].

Thus in the case of variations, on the contrary to mutations, genoly-
pe changes (a) occur simultaneously in many individuals, (b) the aite-
rations are ordered, multisite and site-specific, (c) the positions of ge-
nome rearrangements are predeterminated by the original {opography of
FE, (d) the activation of FE may be induced by trivial «non-mutagenic»
factors as temperature, interline crosses.

There is an additional important item. The genotype alteration can
occur due to simple changes in the cell topography or relative amounts
of {wo classes OE/FE. Heritable transmission of fly CO, sensitivity in
slabilized lines can be cut off by the temperature shock: keeping egg-
laying females for about 6 days at 30°C., Such treatment blocks the re-
production of cytoplasmic sigma virus particles, The all adults ilies of
CO. sensitive stock became virus-free after one-time treatment and they
become heritably tolerant to CO, [4]. This example shows that on the
level of FE situations may occur which were prohibited by the teneis
of classical genetics, the so called inheritance of lraits acquired during
onlogenesis [11].

The character of interactions in the {riad ENVIRONMENT-FE-OE is
illusirated by the scheme (Fig, 2). In nature spontaneous heritable chan-
ges mainly occur through the response of the FE subsystemn which is sen-
sitive both weak and strong environmental influences [12]. Changes in
FE represent an operational memory in the structure of the genome. Mu-
tations as changes of OE occur mainly indirectly, by a two step mecha-
nism mediated by the activation of the subsystem of FE. The comparative
molecular anatomy of mobile elements both in prokaryotes and eukaryo-
tes demonstrated various paths of interconversions of ME from simplest
to complex ones: insertion sequences — transposons — plasmids — retro-
viruses and vice versa [5].
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Let’s consider recent evidence on transition of typical chromosomal
mobile element gypsy to retroviral infectious condition. The element may
be transmitied to gypsy-iree permissive fly stock and incorporated into
its germ line when larvae are fed on extracts of infected flies [6]. Such
retrovirus-like elements were discovered in yeasts, plants and animals.
Retroviruses appear to be universal vector in the ecosystems. The simi-
lar or same retrotranscripts were found in non-related species indicated
on regular cases of horizontal transmission. The same is justice for trans-
posons-like P in Drosophila Ac and SpM in maize, which use DNA to
DNA transposition mechanism [7].

There is no severe barrier between OE and FE parts of genome. The
obligatory genes and chromosomal segmenis may be transformed to the
category of FE due to three main processes: amplification, integration
into the ME and through production of cytoplasmic RNA intermediates.
Conversely, the transition from FE to OE occurs mainly due {o inserti-
ons, transposon-induced rearrangements and reverse transcription

Fig. 1}.

( glngertion mutations (transition from FE to OE) may constitute, as
in the case of Drosophila, near 70 % of spontaneous visible mutations,
Nearly 10—15 % of the chromosomal DNA of mammals consists of pseu-
dogenes and retrotranscripis — transitions from OE to FE [8]. Selecti-
on by cytostatic agents in eukaryotes is frequently connected with an
amplification of chromosomal segments (amplicons) carrying resistant
genes, The amplicons may be located in tandem chromosomal blocks or
be transformed into plasmids. In both cases their number and topography
vary in different cells and cell lines. Sometimes parf of the duplicated
genes may insertion mutations as result of activation of ME represent
the best example. The behaviour of FE in turn is usually under control
of genes. -

Mutation process mediated by mobile elements
in natuare. I want {o confirm the above mentioned conclusions by so-
me inferences from my long-term studies on the spontaneous mutation
process in natural populations of D. melanogaster. | selected here only
three examples.

1. The puzziing phenomenon of muiation outburst. The concept of
mutation rate fluctuation in the life of species was firstly developed by
Hugo de Vries in 1901, He also predicted an existernice of unstable ge-
netic factors, Both ideas were neglected for decades. However, de Vries
appeared to be right in principle. The fluctuations of both general muta-
bility and sudden mutation outburst of definite loci are well documented
[13—15]. In 1973—1979 we observed the global outburst of sex-linked
gene singed bristle. It was the first time when the series of unstable in-
sertion alleles was extracted from nature [14, 15]. Their mutation rate
both in germinal and somatic cells reached in some cases more 20 %!
Multiple allelic transitions occurred in pre-meiotic cells giving cluster of
changed gamels in the progeny of a single mating {14, 15]. The sn gene
appeared to be preferential target for the now iamous P-transposons and
for some refrovirus-like ME [16]. Thus we demonstrated that the muta-
tions outbursts in nature are due to an activation of FE.

However, the puzzle of phenomenon became unsolved. According to
regular observations [13—15] the sn mutations were quite rare in Dro-
sophila populations during decades before 1973. Then unstable alleles
of this gene suddenly appeared in many geographically distant popula-
tions. The outburst ended in 1980. Then other gene sharply increased its
mutability rate [17]. What may be the origin of such periodical genomic
epidemies or «mutation fashionss?

The answer may consists of fact that all living species in the eco-
system are continuously interacting with different viruses. Viruses are
not only powerful infectiotts and selective agenis. They act also as pe-
culiar mutagenic factor inducing unstable mutations and multisite chro-
mosomal damages due to an activation of intrinsic genomic FE. [18—20].
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Diiferent viral agents cause insertion mutations at different sites.
The regular reshuifling of the set of viruses and their genotypes (the
latter is well known for the influenza virus in humans) occur in the eco-
systems during the process of parasite-host interaction. So the periodical
mutation outbursis and the genomic epidemics may be the indirect re-
sult of periodical ecosystem fluctuations. We need systematic studies on
the consequences of viral epidemics on the rate of varjations and muta-
tions in human populations [13, 18].

2. Appearance of new genelic constructions. In the Far East popu-
lation two adjacent genes singed and club wing (clw) appeared to be
linked by the copia-like ME. Both genes became simultaneously expres-
sed and mutated. The mutation behaviour of this quite unstable double-
gene transposon system was ordered with predicted infralocus and out-
locus transpositions [22]. This first demonstration of ME-mediated fu-
sion of separate genes in one system may be viewed as an example of
the phenomenon of «natural genetic engineering» £23].

3. Site-specific insertions and ME-mediated deletions. During syste-
matic study of the genetic load of natural populations we found that
lethal alleles of tumor-supressor gene lethal (2) giant larvae or simply
gl (2—0,0) are ubiguitous in D, melanogasier populations (14). One
out 20—50 fruit flies in nature was heterozygous on this oncogenic re-
cessive lethal, The 4 /{g! animals had selective advantages in stress con-
ditions in comparison with lethal free 4 /- flies (14). High Igi muta-
bility appeared {o be connected with site specific insertional mutagene-
sis. The lg! locus became <«promiscuous» for the specific insertions in
the case of the presence in the same chromosome of the MR factor [24].
The same B104 {ransposon was found inserted -in the case of alleles ex-
tracted irom the distant populations of Russian and USA [25].

These three examples showed that in nature through subsystem of
FE may occur fast directed and massive heritable changes.

Epigenetic inheritance and mobile elements. The hereditary memory
implies three main aspects: coding, storage are transfer of an informa-
tion. There exist both structural and dynamic modes of coding, storage
and transifer of heritable information, As for as of the structure of ge-
nome the coding is based on definite order of DNA sequences and in-
formational transfer on the phenomenon of convariant reduplication. The
dynamic modes of inheritance are mediated by protein products of re-
gulater genes. The heritable alterations can occur without any changes
in DNA text. J. Mono and F. Jacob on the basis of the operon concept
firstly presented a theoretical models with two operons connected into
circuits. Such cyclic system can swiich from one stable state to the other
and maintain it in a series of generations. Thus, «transition of state in
such systems should very closely mimic true transmissible alieration of
the genetic material itself» [26]. Namely such transitions were found
by B. McClintock in the case of the SpM mobile controlling element.

The dynamic aspects of the genome organisation and functioning
were called in the middie of 1950s as epigenetic. The spectrum of phe-
nomena epigenetic inheritance is quite wide from transformation of se-
rotypes in Paramecium up to chromosomal and genomic imprinting. But
terminology in this field is not yei stabilized. What is the elementary
epigenic system and elementary epigenetic event? For adequate descrip-
tion of epigenetic inheritance if seems quite instrumental to use the con-
cept of an EPIGENE coined by R. Tchuraev [27] and term EPIMUTA-
TION suggested by R. Holliday [28].

Epigene represents autoregulatory hereditary unit, genetic system
with cyclic links or feedback, having two or more functional states and
capable to maintain each state in a series of generations. The simplest
one-component epigene is shown in Fig. 3. The feedback may be posi-
tive as in the case of first described autoregulated cJ gene which diffe-
rent states rule by the lambda phage behaviour. Autoregulation may be
negative as in the case of Tn3 in E. coli [5].
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The traasposons P in Drosophila, Ac and SpM in maize are con-
structed as epigenes with positive autoregulation [29—31]. Autoregula-
tion by circuit may be based on different mechanisms or levels. In the
case of sex determining gene Sx! in Drosophila autoregulation occur on
the level of alternative splicing [32]. In the case of P-transposon auto-
regulation involves both alternative splicing and transcription, [29] Ac.

Autoreguiation

_______ a
aop A R op A &
— " + —t—t
i___’
]
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phenglype "A” phenelype "a®
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{
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¥
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F2 Non-mendelian inheritance '

Fig. 3. An epigene and principal scheme of possible heritable changes in the case of
epigenic crosses. In the scheme the positive regulation is shown on the level of trans-
criplion. R — gene reguiator; 4 — structoral gene; OP — regulator zomne

and SpM transposons in maize discovered by B. McClintock are regu-
lated by methylations of up and down promotor sites [30, 31, 33}.

The scheme (Fig. 3) shows that in the case of positive autoregula-
tion in cell epiheterozygotes A'/A® where Al-active state of an epigene
and A® inactive one may occur the switching on the epigene from A° {o
Al state. This switching described as epimutation is well documented for
an Ac and SpM transposons in maize [30, 31, 33]. Epimutation may oc-
cur both in somatic and germinal cells. In last case the non-mendelian
inheritance results in. Even situation is possible with complete absence
of F2 segregation (Fig. 3).

The transposon SpM in the maize apart from active and complete
inactive states may exist in third so called <programmed» state with
varying level of inactivily, increased possibility to be trans-activated in
epiheterozygotes. The transposon encoded positive antoregulatory gene
product can both reactivate an inactive element and promote its deve-
lopmental heritable reprogramming [30, 31]. The authors which had con-
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ducted detailed genetic ahd molecular analysis of SpM element came to
conclusion that to the coreept of epimutation «it may be necessary and
epivariation» [31]. I cite this conclusion as an important sign of logic
and terminological convergence with the approach developed in the paper.

+ Analysis of SpM behaviour demonstrated that the epigenetic chan-
g(,b in the present. generation can influence the expression pattern of
the iransposon in the next generation. Similar phenomenon described in
maize in 1960s and titled as paramutation seemed quite peculiar. In the
framework of mobile genetics it may be regular. From the point of theo-
1y of inheritance it means violation of one of the basic mendelian prin-
ciple about absence of influence of heterozygous condition on the allelic
slructure and function in the next generation. Other importani point con-
sist of a possibility of an existence in the genome a series of independent
epigenes. Thus if we have only 10 epigenes with two states for each one
we receive 2'% or 1024 .different states! Thus cell can select needed stra-
legy of response on environmental challenge. The cell response is teleo-
nomic [12, 26].

Conclusion. The real insight in the eukaryotic genome mceans know-
ledge of the structure of genetic elements, the character of dynamic links
between them and some holisti¢ features of the system. The structure of
{he eukaryotic genome can be naturally subdivided on two classes of
clements: an obligatory and facultalive ones.

Accordingly, we need to discriminate between two different forms
of heritable changes-mutations and variations, Mutations correspond {o
all changes with genes, Vatiations are various kinds of changes in the
populations of genomic facultative elements. Variations may be direcled
and connected with mmultiple:site-specific alterations. The spontaneous mu-
lalion process in nature is mediated by the system of facultative elements.
Their activation in nature induces sudden mutation outbursts, appearan-
ce of new genetic constructions and site-specific rearrangements. Facul-
{alive elements are the {irst, to react on environmental challenge. Varia-
tions can be presented as an operational memory of the genome. Between
obligalory and facultative elements there is constant flow. The behaviour
of lransposons in the eukaryotic genome may be model for the adequate
descriplion of epigenctic: inheritance. There is logic and real necessity
1o usc the epigene concept for describing of elementary units of epige-
rete inheritance.

The shift of postuiates: from classical genetics 1o current one may
be expressed as following.

Cidsmcal genetics |

All newly . occurrmg hseredltary changes are mutations with definite
]OLdllbdthl‘l :

2. Mutations occur m the progeny of some individuals, rarely, by
Ch..m(
+ 3. The rale of mmauon process is constant, genes are relatively
aidh;(

4. ,ptgenehc 'chew’.ges have relalion only lo development, they are
fewid rnainly- in:some. protozoa and in the case of cell-somatic hybrids.
4 ' A, Inheritance of ‘acguired {raits is impossible in the framework of
(hmmosomdl theory. :

. Species’ ‘J(.nOﬂ'lf‘: are genehcan]y closed systems.
Cull'l:‘llt mobile. genetu.s o

Mutalions are only part of the wide spectrum of heritable aiterations;
thore are variations amd epigenetic changes (epimutations).
20 Variations and fplmutahons may be ordered, directed, program-
mcd and adaptive, -
3. In natucal ponulatlons regularly occur explosions of mutability
hnih‘ global and loul ones due to an activation of inherent mobile
elemcnts. e R
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4. Epigenetic alterations of genome elements are regular events; most
transposons are organised as epigenes. .

5. Inheritance of ontogenetically,. 1nduced traits’ is qmte posmble in
the framework of variations and epimutations. - | - .

6. There is constant intraceil and mterspeues f!ow of genéttc
elements.
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M. Toaybosceruti . .
MOBIJIbHA TEHETHKA 1 ®OPMY CITAJIKOBOI MIHJ#BOCTI EYKAPIOT
Deawme

Peansie DPO3yMiHHR eYKAPIOTHYHOTO reHOMY O©3HaU2€ 3HEHHY CTPYKTYDH TeHEeTHUHHX ene-
MeHTiB, XapakTepy AuHamiusoro 38's3xy Mix mume i dinocodii mizocnoeri cueremu. Crpyx
Typa eyKapioTHYROrO TeHOMY MOXe OYyTH RINPO3AINEHOI0O HA ABa KOMIOHEHTH: obniratiai
i daxyspraturuk. Bianosiano Zo upOro MH noBMEHI pozpiznark ARl GOpMH cmaikoroi
MiHnHBOCTI — MyTauifgy | Bapianifiny, Myrauii nos'saani 3. yciMa sminams B remax. Ba-
piallii € pisHHMK BHAEMH 3MIH ¥ .NODYNAUiAx (aKyssTaTHBAHX .eNeMeNTIB rewomy. Bapiadii
MOXYTL GyTH BH3HaYeHHMH I IIOB'Z3anHMs 3 Garatoma cafr-cneunwpivknmu smiHamu, Cnow-
TaHRHA MyTaliHHAA Npounec y npHpoRi o0YMOBAEHHH CHCTeEMoK QAakyNLTATHBHHX ehneMenTid.
Ix akTWsauis y nprpoii iHAYKYE pamtosi MyTauilini «BHOYX)i», NOABY HOBHX TeHeTHuUHuX
KORCTPYRUif | cafiT-cneuudiussx nepefynos. DaKyAbTaTHBRI €IeMEHTH NEDIIHMH pearyomh
Ha aMiNH HABKOJHILALOTO cepemospuia. Bapiauil moxyTte GyTH DpeAcTaBieHi Kepyloucio ua-
M'ATTIO Tesomy. Mix ofairaThHmH i $akyAbTATHBHHMH eflemedTaMH clocTepiraeTsest no-
crifina Bssaemonin. [lopeairky TpancmoloHiE B eyKapioTWynoMy FeHOMI MOXHA B3nTH 24
Mojedb AAA aXeKBATHOTQ ONHCY elireHeTHUHOI cnaikosocti. BukopHcraHHA xoHuemuii cui-
reHa € Jorigaow i peaisHolo HeoOxiZRicTio AJas xapa:{'repac*ux}{ eJleMEHTAPHHX OAHILHIL
eMnireHeTRYHOI CIIARKOBOCTI.
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