AGRICULTURAL BIOLOGY, ISSN 2412-0324 (English ed. Online)
2015, V. 50, Ne 5, pp. 579-589

(SEL’SKOKHOZYAISTVENNAYA BIOLOGIYA) ISSN 0131-6397 (Russian ed. Print)
ISSN 2313-4836 (Russian ed. Online)

Plant epigenetics

UDC 633.63:575.155:[575.11+575.13 doi: 10.15389/agrobiology.2015.5.579rus
doi: 10.15389/agrobiology.2015.5.579%eng

ANALYSIS OF EPIGENOMIC AND EPIPLASTOME VARIABILITY IN
THE HAPLOID AND DIHAPLOID SUGAR BEET (Beta vulgaris L.) PLANTS

S.I. MALETSKII, S.S. YUDANOVA, E.I. MALETSKAYA

Institute of Cytology and Genetics of SD of Russian Academy of Science, Federal Agency of Scientific Organiza-
tions, 10, pr. Lavrentieva, Novosibirsk, 630090 Russia, e-mail stas@bionet.nsc.ru

Acknowledgements:

Supported by a budget project of Institute of Cytology and Genetics of SD of RAS

Received July 28, 2014

Abstract

Reproduction of cells, individuals, populations is a principal concept of biology. This proc-
ess is characterized by two properties: heredity and variation. The concept of inheritance indicates
the identity of the parents and the offspring’s; the concept of variability indicates the incompleteness
of this identity. There is a direct proportional relationship between the genome level ploidy, the cy-
toplasm volume and the cell size (nuclear-plasma ratio). Variation of chromosome or chromatid
numbers in the cell nuclei determines the epigenomic variability and variation of intracellular organ-
elle numbers in the cell (for example chloroplasts) determines epiplastome variability in plants. Rela-
tionship of the chloroplast number in stomata guard cells and nucleus ploidy level in sugar beet is
well known that permit to compare an epiplastome variability in plants and different ploidy of ge-
nomes. Chloroplast number in the cells varies, partly due to the asymmetric organelle distribution
during cytokinesis. However the epiplastomic variability is related not only with a random organelle
distribution during cytokinesis, but also with a genome number variation per cell nucleus (epige-
nomic variability). An endohaploidy, i.e. an appearance of haploid cells in cell population, is one of
the variant of epigenetic variability display. Sugar beet may form the haploid seeds spontaneously
both by biparental and uniparental reproduction. In the work the diploid (control, generation Ay),
dihaploid and haploid (generation A;) seed progeny were used. Dihaploids and haploids were ob-
tained by the parthenogenetic reproduction mode (pollen less condition). In the paper we considered
a variability of chloroplast number in stomata guard cells and integral tissue characteristics which are
compared with harmonious proportions (Fibonacci number, golden ratio). It was studied following
parameters: a) a chloroplast number in stomata the guard cells; b) a plastotype number in the epi-
dermal tissue. And it was determined the average value of chloroplast (M) and plastotypes (Pt) num-
ber in stomata guard cells of haploid, diploid and dihaploid plants. On the base of obtained data the
ratios of epigenetic stability (D-ratio) in haploid, diploid and dihaploid (control) sugar beet plants
were estimated. D is logarithmic ratio of the chloroplast number to plastotypes and indicates the
physiological and epiplastome stability of cell populations. It was shown the differences between the
experiment simples: D-ratio in dihaploids is always above than one in the haploids. It was established
for the first time that integral tissue characteristic (D-ratio) corresponds to harmonious proportions
(bio-logical invariants), i.e. Fibonacci numbers (golden ratio). In diploids and dihaploids this ratio
corresponds to the first terms of the harmonious series (from first to fifth), in haploids D-ratio corre-
sponds to eighth and higher terms of the harmonious sequence.

Keywords: apozygoty, haploids, dihaploids, variability, harmonious proportions, fractals,
endopolyploidy, epigenetics.

Reproduction of cells, individuals, populations is a principal concept of
biology. This process is characterized by two properties: heredity and variation.
The concept of inheritance indicates the identity of the parents and the off-
spring’s [1], and the concept of variation indicates the incompleteness of this
identity. There are two distinct types of variations, the inherited genetic varia-
tions derived from genome mutations and epimitations, and the non-inherited
paratypical modifications due to inner or outer factors influencing biogenesis. At
cell level the heredity means the competence of cell components to provide



structural and functional similarity (symmetry) in the next offspring due to re-
production, i.e. self-reduplication of DNA, chromatids, chromosomes, and
chloroplasts and mitochondria organelles. As the self-duplication is completed,
the nucleus and chromosomes divide by means of the division spindle (carioki-
nesis, mitosis) and cytoplasmic membrane septum formation followed by
separation of daughter cells (cytokinesis). The daughter nuclei produced in
cariokinesis are usually the copies of the parent cell while exact distribution of
organelles between daughter cells is impossible.

In mitosis intercellular variation does not occur, and therefore in the
Mendelian inheritance paradigm the daughter cells are considered parent
clones [2]. Random nucleotide substitutions in the DNA molecules (gene
mutation) and reciprocal or nonreciprocal exchanges (recombination) of
homologous chromosomes during meiosis are usually deemed the main
sources of intercellular variations in the tissues. These basic assumptions form
the basis for a genocentric paradigm (GCP) of inheritance and variability and
associate trait variation and the chromosome structure, but do not apply to all
groups of features [3].

There are discrete (qualitative) and continuous (quantitative) traits. The
discrete traits are alternative and their variation is usually caused by mutations in
genes of the nucleus or protoplasm, while the variation of the continuous traits
(i.e., number of flowers, seeds and fruits on plants, etc.) is not directly linked to
the gene activity being influenced by outer signaling derived from growth
conditions, density of planting in phytocenosis, etc.). A clear description of the
inheritance of continual traits within GCP is very difficult, therefore, their
polygenic determination is declared.

Epigenetic paradigm (EGP) does not bind cellular and individual
variations solely to changes in the nucleotide sequences of DNA, chromosome
structure and recombination of chromosomes in meiosis [3, 4]. Variability in cell
populations may occur due to the volatility in the chromosome number
(mixoploidy) or DNA amount in the nucleus. Mixoploidy in plants was reported
in 1910, and in 1935 this phenomenon was found in members of the family
Chenopodiaceae to which the beet plants belong.

Another mechanism of intracellular variation in somatic cells is the
variability in the number of chromatids in chromosomes when along with
monochromatid chromosomes duple and quadruple chromosomes are also found.
The variations of the DNA amount, the number of chromosomes or chromatids
are very common mechanisms of epigenomic and epigenetic variation in plants
[5-7]. There is a direct proportional relationship between the genome level
ploidy, the cytoplasm volume and the cell size (nuclear-plasma ratio). A volatil-
ity of DNA Ievel in somatic cells is confirmed cytometrically [8-14].

Epidermal cell variability in organelle number is partially related to
endoploidy due to spontaneous changes in chromosome ot chromatid number in
the diploid cell nucleus proportionally to the number of endomitosis [6, 15].
Endopolyploidy does not affect the nucleotide sequences in DNA and
chromosome structure and occurs during DNA replication in the cell nucleus
not followed by its division. These processes lead to volatility in the DNA levels
in the cell populations which is the main source of cell and tissue variation in
plants [6-13]. Note, the first researchers, the same as modern scientists, confirmed
high prevalence of this phenomenon in the family Chenopodiaceae [10-14].

Endohaploidy (the appearance of cells with single set of chromosomes)
is a mechanism of epigenomic variation in somatic cells. Haploidy is experi-
mentally effective for genome homozygotization. Sugar beet may form the hap-
loid seeds spontaneously both by biparental and uniparental reproduction with



the haploid seedling frequency of 10-4-10-¢ and 0.5x10!, respectively [16, 17].

According to EGP a special group of traits, the fractal or geometric
ones, inherent in cell or plant as a whole can be distinguished. These include, in
particular, the structure of the vascular system (xylem and phloem), the root
system [18], and embryonic and tissue characteristics. Mathematically, the
discrete, continuous and fractal characteristics can be clearly distinguished by a
geometric dimension (D). In the discrete and continuous traits D is expressed in
whole numbers (one-, two-, or three-dimensional features), while in the fractal
traits the fractional dimension is characteristic [18].

Variation in chromatid and chromosome number affects directly their
distribution in meiosis, and, therefore, offspring splitting on traits [3, 17]. More-
over, an increased DNA content in nucleus can influence the cell size and num-
ber of organelles (chloroplasts) in the cytoplasm [19]. Chloroplasts possess their
own genome. This plastid number per cell in plant tissues varies from several
ones to hundreds of chloroplasts. Prior to cell division, the self-replication of
chloroplasts occurs, and daughter cells are assumed to posses the same organelle
number as the parent cell. In case of exact splitting in a series of cell offspring,
chloroplast number in each plant cell must be the same as in initial zygotic cell,
however, but it has never been. Plastid distribution in cytokinesis is asymmetric.
Epiplastom variation is due not only to random distribution of organelles in cy-
tokinesis but also to DNA amount and genome number per cell nucleus (epige-
nomic variation), since the nucleus size, cytoplasm volume, the number of or-
ganelles are in a direct proportional relationship.

The relationship between chloroplast number, ploidy and cell size is well
known in sugar beet plants. In the studies focused on the production of poly-
ploids an indirect convenient procedure for plant grouping according to ploidy
has been disclosed. Thus, in stomata guardian cell of triploids and tetraploids
there were reliably more chloroplast (from 17 to 22 and from 22 to 28,
respectively) compared to diploids (from 12 to 16). This finding permits to
compare epiplastome variation in haploids, dihaploids, tripoids, tetraploids, etc.

In this article we compared integral tissue parameters (i.e. the ratio of its
variation to an average number of organelles) and showed for the first time that
these are in a concordance to harmonic proportions (biological invariants)
denoted as p-numbers or the Fibonacci numbers, which, in turn, correspond to
the golden p-proportion.

So our study was focused on experimental estimation of chloroplast
number variability in stomata guard cells in haploid, dihaploid and diploid sugar
beet plants.

Technique. The seeds of sugar beet (Beta vulgaris L.) dioloid male sterile
(MS) hybrids Roksana, Lenora, Iris (F;, or Ay), and their apozigotic dihaploid
and haploid seed progeny (A;) were used. The study was carried out from 2009
to 2012 in field condition (Novosibirsk). To produce apozygotic seed progeny
(memo: apozygoty means embtyo parthenogenesis from unfertilized cells of the
embryo sac) the roots were planted on an isolated plot, and in each plant at
flowering the phenotype of anthers and pollen grains was recorded. The plants of
MSII phenotype (semi-fertile) were eliminated [19] and the MSO (complete pol-
len sterility) and the MSI (pollen semi-sterility) individuals were remained for
apozigotic seed reproduction.

The seed samples from the progeny (A;) of each MS-hybride set after 2
day rinsing in tap water were incubated in thermostat at 25 °C, and 2 day after
the germination the seedlings were separated morphobiologically as haploids and
dihaploids (in vivo production of haploids) [16, 20]. Then seedlings were grown
in individual pots at a climatic chamber Biotron 4 (Russai) under controlled



humidity, temperature and lightening for first 100 days of life. Further, haploids
and dihaploids were undergone vernalization at t = 4 °C and planted in a field.

Chloroplasts were counted in epidermal cells of 1 year leaves. Selected
leaves were average in size. Epiderma was removed from the underside leaf part.
Chloroplasts were stained with AgNO3z and counted in each of 50 epidermal
cells. The number of plastotypes (Pt) was estimated in the tissue, and an average
chloroplast number in cells (M) was calculated. Epidermal tissue was character-
ized using M and Pt parameters as M:Pt. An average number of cell organelles
and number of plastotypes in the cell population a related as M = PtP. Thus, D
(fractional dimension) being the integral parameter of epidermal tissue [18] was
calculated as D = In M/In Pt.

Data were processed using common methods of variation statistics [21]. For
each plant, we found o2, the arithmetic mean of organelle number per cell (in 50
cells for each leaf) and M+m, also weighted average M, in a sample was calculate
and Cvwas determined as

cv= -0 100 %.

Besides, in leaf samples of each specimen an average number of plasto-
types with the error of mean (Pt:m) were estimated. The coefficient of linear
correlation (r) was calculated according to the formula:

_2ayay

" no,o y
with a, and a, as variance deviations from arithmetic mean, n as sample size,
and o as standard deviation.

Using goodness of fit test (G) multiple-tables were analyzed statistically
comparing discrete distributions with null hypothesis. G was calculated as

G=z[2ﬁln%]=22ﬁ(lnﬁ—lnﬂ)=

with f; u f; as empirical and theoretical frequency of discrete distributions of
specific trait [21].
= Results. A multividual variation is inherent
Ly *ﬁ in sugar beet plant, that is the flowers of the main
=T shoot and side-shoots can differ in the anther phe-
notype [22]. There are three distinct phenotypes ac-
cording to anthers and pollen: i) complete pollen ste-
rility due to defective anthers and pollen (MSO0); ii)
pollen semi-sterility when uninucleate pollen grains
/ are unable to form pollen tube (MSI); iii) semi-
fertility when pollen grains are partly viable (MSII).
The seeds were obtained from MS0 and MSI plants.
A Apozygotic seed progenies are usually diploids
N (dihaploids) as derived from endotetraploid cells of
- archesporium. In addition to dihaploids, some apozy-
FI% 1;]?1?101‘1 (;,]lfﬁ) an;l hap-  ootic seeds were haploids [16, 17]. Haploid seedlings
bc:et ((Eita)vﬁzmﬁs.).o SUEAT are 4-fold shorter and smaller in diameter compared
to dihaploid sibs (Fig. 1).

Chloroplast number in an individual epidermal cell we have desig-
nated as plastotype (Pt). There were several plastotypes different in the
chloroplast (Fig. 2). In contrast to chloroplast number the number of plasto-
type is an integral trait inherent in a discrete leaf (a discrete plant). The
M:Pt ratio changes stochastically during plant ohtogenesis in accordance to



the harmonic proportion principle [23, 24].
Earlier we have shown this proportion not to

- be the same in hybrid and inbred plants [16].
.*’ R An average (weighted average) chloroplast num-
s & : bers in MS-hybrids Roksana and Lenora (A;) were
y B about the same (12.79£0.35 and 13.12%£0.42, respec-
* '“;:L tively). In Iris MS-hybrid the cells were larger and

comprised about 15 chloroplasts (14.92+0.53) which
was significantly higher compared to other hybrids (the
} 20 um | t-criterion of 2.87 u 2.69, respectively; P > 0.95). An
Fig. 2. Chloroplasts in the sto- AVeTage number of plastotypes in the epidermal tissue
mata guardian cells in leaves Of all three MS-hybrids (Ag) was statistically indistin-
(epidermal tissue of sugar beet guijshable (7.240.35, 6.5£0.41, 7.3£0.54) (Table 1).
Beta vulgaris L.) In dihaploid offspring (A;) the chloroplast
and plastotype number in all variants did not change reliably compared to
parent MS-hybrids (Ag) (see Table 1). Therefore, apozygotic seed reproduction
did not affect this parameters in stomata guard cells of dihaploids.

1. Chloroplast (Chl) and plastotype (Pt) number in the leaf epidermal tissue in
diplod (A;), dihaploid (A;), and haploid (A;) plants of three sugar beet
(Beta vulgaris L.) male-sterile hybrids

. Plant Chl number % Pt number Daverage
Ploidy Progeny number Mytm \ min-max v, % Pt+m \min—max (Min-max)
Hybrid Roksana
Diploids Ag 10 12.79£0.35 11.1-14.9 12.35 7.240.35 6-10  1.30 (1.18-1.44)
Dihaploids Aq 10 13.1620.41 11.3-15.6 14.69  82+047 7-10 124 (1.07-1.47)
Haploids Aq 55 12.3240.30  10.3-16.0 17.43  8.8%0.17 6-12 116 (1.04-1.37)
Hybrid Lenora
Diploids Ag 11 13.12£0.42  10.8-15.4  13.05 6.5+£041 5-9 1.40 (1.19-1.70)
Dihaploids Aq 15 14.22+0.41 13.1-15.5 9.50 7.24£045 5-10  1.50 (1.19-1.69)
Haploids Aq 38 11.85+0.35 9.4-19.2 17.96  8.8%0.31 6-12  1.16 (1.03-1.31)
Hybrid Iris
Diploids Ag 10 14.92+0.53  13.9-17.5 10.89  7.3+0.54 5-9 1.39 (1.15-1.64)
Dihaploids Aq 12 14.54+0.40 12.0-17.1 833  6.2+0.33 5-7 1.51 (1.39-1.70)
Haploids Aq 40 12.27£0.31 10.4-18.0 15.69  8.7%£0.22 6-12  1.17 (1.04-1.46)

Note. Mytm is weighted average mean and the error of mean for chloroplasts, Pttm is average mean and the
error of mean for plastotypes, Cv is coefficient of variation, D is epigenome stability index.
* Weighted average mean.

In Lenora and Iris haploids the chloroplast number mean was reliably lower
compared to parent plants (Ag) and dihaploid sibs (A;). The Roksana male-sterile
hybrid was the only one with no reliable difference in chloroplast number in dip-
loids, dihaploids and haploids (12.79, 13.16 and 12.32, respectively). Haploids also
were characterized by higher variation on plastotype number being from 6 to 12
where as in diploids and dihaploids its varied from 5 to 10. The means of this pa-
rameter in haploids in all three hybrids in fact coincided (8.7-8.8) being significantly
higher then in diploids (7.2-7.3) or dihaploid Lenora and Iris plants (6.2-7.2). In
Roksana plants no significant difference was found between dihaploids and hap-
loids (8.2 and 8.8, respectively).

D (fractal dimension) is associated with cell epigenomic and epiplastome
instability in leaf tissue, so that D is the parameter of cell population variability
on chloroplast number per cell and plastotype number per tissue. D differed sig-
nificantly in diploids and haploids (see Table 1). The ranges of D value in dip-
loids (1.30-1.40) and dihaploids (1.24-1.51) overlap. Therefore, a single parthe-
nogenetic reproduction had no expressed effect on the parameter, too. Neverthe-
less, in haploids D was much lower (1.16-1.17) when compared to diploids and
dihaploids. At that, no interference was observed, and D values were close to
those early reported in inbred sugar beet lines [15].



2. Distribution of produced sugar beet (Beta vulgaris L.) haploids on genome stabil-
ity (D) in cell populations in three male-sterile hybrids (A;)

Hybrid
Group Lenora Ay \ Iris Ay \ Roksana A; Total
1.01-1.10 13 9 20 42
1.11-1.20 14 21 21 56
1.21-1.30 9 8 8 25
1.31-1.40 1 1 6 8
1.41-1.50 1 1 - 2
Total 38 40 55 133

D distribution in three haploid populations (133 plants) is shown in the
Table 2. D mostly varied within 1.11-1.20, and in minor fraction of plants it was
higher or the same as in diploids. Comparing D distribution in three samples of
haploids, we calculated G and found it to be 13.6 (df = 12; 0.50 < P < 0.30),
thus indicating random distribution for D (Table 3). Thus, the combination is
possible which allows comparing D distribution in the haploids, diploids and di-

haploids.
400+ Substitution of the num-
3501 ber of diploids, dihaploids and
g ;(5)8 haploids by their frequencies in
:200- ppm made it possible to plot
§ 150 graphs of D distribution in a to-
E 1(5)8 tal sample over all hybrids. In
0 . diploids and dihaploids the varia-

Lo 11 12 13 1’4D1’5 16 17 18 19  tjon rang was about the same,

Fie. 3. Distribution of eni ic stability (D) in diploid while in haploids it differed sig-
1g. J. 1stribution oI €pigenomic stal 1n diploi . . .

(1), dihaploid (2) and haploid (3) sugar beet (Beta vul- mﬁcamly fr.om that in both d.lp -
garis L.) plants. loids showing more cytological

uniformity (Fig. 3). D means in
three haploid samples were identical (1.16-1.17) and differed from corresponding
parameter in diploids, though haploids and diploids derived from the same seed
progenies (see Table 3).

3. Statistical parameters for cell populations in leaf epidermal tissue in haploid and
diploid male-sterile hybrids of sugar beet (Beta vulgaris L.) (A{)

Hybrid | N | Mtm | ovv% | Pttm | D | ID/Cy

Haploids

Iris 40 12.27+0.31 15.69 8.7£0.22 1.17 -0.77+0.07

Lenora 38 11.85%0.35 17.96 8.8+0.31 1.16 -0.8710.04

Roksana 55 12.324+0.30 17.43 8.8+0.17 1.16 -0.86+0.03
Dihaploids

Iris 12 14.54%0.40 8.33 6.2+0.33 1.51 -0.50

Lenora 15 14.224+0.41 9.22 7.2+£0.45 1.50 -0.82

Roksana 10 13.1610.41 14.69 8.2+0.47 1.24 -0.93

Note. Nis plant number, Mt m is mean and the error of mean for chloroplast number, Cv is coefficient of varia-
tion, Pt+m is mean and the error of mean for plastotype number, D is epigenomic stability, rp /¢y is coefficient of
liner correlation.

In Table 3 where statistical parameters for haploid and dihaploid plants
of three male-sterile hybrids are summarized, Cv as index of cell variability on
chloroplast number correlated negatively with D as coefficient of epigenomic
stability in cell population with r varying from -0.77 to —-0.93 and, thus, ap-
proaching —1 in some cases.

Polyploidy is widely spread in plants causing different intra- and inter-
special variation [9]. Polyploid series in species of many botanical genera and
families are a common example. Different manifestations of individual variation
which is widely used in plant breeding are also related with polyploidy [18, 19].



Mixoploidy also occurs when in the minor fraction of the cell population the

chromosome number is more or less than in the dominant one [5-7, 10].

Stomata guardian Variation of Chloroplast and

cells : % D / plasotype number in epidermal tissue is an
Q . 10 6‘ //\ expression of epigenomic and epiplastom

cell instability in ontogenesis. During cell

o /@ ( .o\ ﬁ.. division a protodermal cell becomes par-
- <ﬁ/\T§' \i}z}/e }\'1—2‘-- ent one and produces two daughter cells
cells Dw.; o which further form guardian cells fixing

e CS g E features of parent protodermal cell such as
82 74 * « linear size, ploidy and the number of or-
¥ ganelles in cytoplasm [19].
g o, @ Modeling different biological pro-
s o = cesses is possible due to fractals [25,
[]i”iovtigéginal 26]. Mathematically, fractal is a set in
cells A which Hausdorff-Bazilevich dimension
@ e is strictly higher than the topological
» 4 dimension [18]. In Euclidian geometry,
Cell division a dimension means the number of spa-
e tial coordinates determining location of
\ ¥ the point (i.e., one-, two- and three-
il @ dimensional objects). Fractional number
protodermal cell B for D parameter is an attributive feature

of any fractals.
Fig. 4. Scheme of genealogical tree of stomata

guardian cell (cyto-fractal) in leaf epidermal tis- Ep 1d§rmal cells can be cor_151d—
sue (chloroplast number per cell is indicated). ered a tree-like fractal [24]- Plant tissue

is a set of cells with the same or differ-
ent number of organelles. It is like a genealogical tree started from a primordial
cell with definite number of plastids. Each cell grows and then divided into two
daughter cells. The set of cells in the tissue form geometric structure (Fig. 4), or
«plastid fractal» [15]. As genealogical tree is growing (see Fig. 4), the same itera-
tion occurs. A cell divides into two ones with equal or unequal plastid number,
and several cell divisions result in appearance of the cell set (tissue) with differ-
ent chloroplast number. Variation in the cell population is determined by the
ploidy and the mode of seed reproduction (i.e., due to fertilization or partheno-
genetically) [10].

As it can be seen from Table 1, variation in in chloroplast number in
stomata guard cell is associated with epigenimic instability in the cell nuclei in
haploids which, in its turn, correlates with homozygosity in self-pollinated
progenies. For inbred beet plants, we earlier reported a significant increase in
average numbers of organelles in the stomata guard cells [8] and plastotypes in
the leaf epidermal tissue [16]. A M:Pt ratio allows us to link the trait of two dis-
tinct levels, the tissue level (an average number of chloroplasts per cell) and an in-
dividual level (an average number of plastotypes per tissue), so that this ratio is a
new geometrical trait peculiar to epidermal tissue of leaf (tissue) as a whole.

Changes in cytological variables of epidermal tissue in inbred sugar beet
plants results in decreased fractal D value if inbred and hybrid plants are com-
pared. In other words, higher epigenomic variation (instability) is peculiar to in-
bred lines compared to hybrids. The epigenome stability was the lowest in the in-
bred plants and the highest in male-sterile hybrids.

Monogenomic character of cell nucleus in haploids leads to increased
cell mixoploidy (endopolyploidy) affecting on the number of chloroplasts [8, 15].
An increased number of plastotypes in the epidermal tissue of haploids compared



to dihaploids is the evidence of more unstable genome in haploids. D values in
haploid Lenora and Roksana hybrids were the same (1.16), and in haploid Iris
plants it was 1.17. In haploids D values were significantly lower compared to di-
haploid sibs (A;) and diploid meal-sterile hybrids (Ag). In all three haploid popu-
lations D values, in fact, were the invariant being significantly different from D in-
variants in diploids and dihaploids.

Chloroplast number variation in epidermal cells is related to variability of
nuclear size determined by endopoliploidy. High mixoploidy in inbred lines is
obviously due to different irregularities in cell divisions leading to an increased
level of mixoploidy in somatic cell population and also to variability in the num-
ber of organelles (epiplastome variation). Under an infringement in mitosis, both
endopoliploid cells (due to chromosome replication without karyokinesis) and
endohaploid cells (because of karyokinesis without chromosome replication) can
appear in cell populations. In the meristem tissue, triploid and tetraploid cells,
and the cells of other ploidy are found along with diploid ones [5-8]. So at cell
population level the epigenomic variation occurs due to ploidy determining also
epiplastome cell variation.

In our experiments Cv values in haploid plants were higher than in di-
haploids and diploids. Cv is not related directly to activity of distinct genes, gene
blocks or external conditions being determined by all intracellular genetic,
physiological and biochemical mechanisms. Therefore, the observed variation
should be considered epigenetical one, i.e. occurred during plant ontogenesis.
Depression is known to be peculiar to homozygous and haploid plants. It is par-
ticularly expressed in instability and growth abnormalities compared to hybrids.
Such instability is observed under epiplastome variation in sugar beet plants.

D values found for different beet samples, varied from 1.0 to 1.7 and
corresponded to the golden p-proportion [23], the geometric parameter which
describes division of the whole subject to two unequal parts, for instance, the
division of a line segment into extreme and mean ratio. A.P. Strakhov sug-
gested a generalized principle of golden ratio according to which the division
of a subject as a whole comprises a set of structure invariants, particularly the
dichotomic mode of division (p = 0) and the golden ratio (p = 1). These D
values were observed in our investigation (see Table 3), nevertheless, another
values were also reported which corresponded to harmonic proportions oc-
curred at p > 2, 3, 4, etc. For initial p value the harmonious series (structure
invariants) are as follows: 1.618, 1.465, 1.380, 1.324, 1.285, 1.255, 1.232, etc.
[26]. D value in hybrids corresponded to the first terms of the harmonious se-
ries (p = 1, 2, 3, 4), while in haploids the D-ratio corresponded to more far
terms of the same sequence (p > 8, 9, 10 ...).

Harmonious proportion and golden ratio are, in fact, invariants which re-
flect the principle of self-organization in living material. The system, as a whole,
can be subjected to changes, however, some its properties remain unchanged.

Thus, found D ratios in haploid and diploid sugar beet plants make it
possible to estimate epigenomic stability and epigenome variation in cell popula-
tions. Epigenome and epiplastome variation evaluated as geometrical D parame-
ter characterize physiological state of cell populations in plants during ontogene-
sis. Heterosis, or hybrid power, is peculiar to one group of plants, the male-sterile
hybrids, which possess epigenomic stability with high D value, while in another
group, the haploid plants, a depression with low D value is characteristic.
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