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Abstract It was found out that non-ion detergent X-100

changed the leaf and root morphological traits in sugarbeet

( L.). Appearance of induced changes inBeta vulgaris

sugarbeet was observed as a result of Triton X-100 effect on

the multi-dimensional system of inherited information coding.

These changes could be retained for a longer time with large

number of cell generations which suggests Triton X-100 to be

used as an epimutagen of a new type.

epigenetics, epimutagen, Triton X-100, inheritedKeywords

information coding, sugarbeet.

In the recent research, it was revealed that Triton X-100,

usually used as a non-polar detergent to affect the membrane

structure and separate proteins from them (Barsukov, 2004),

can also induce inherited changes of morphological traits in

wheat (Makhmudova, 2007; Makhmudova ., 2008, 2009).et al

In these experiments, spring common wheat seeds were treated

with Triton X-100 0.1 % solution during germination. Such

treatment led to a 100 % variability of spike morphology and

to appearance of denser and squareheaded spikes, also

multispikelet and branchy spikes (Makhmudova, 2007;

Makhmudova , 2008, 2009). The ability ofTriton X-100 toet al.

change the interaction of nucleoproteins with the nuclear matrix

may lay ground for the inheritance of such changes. Such an

effect well accords with the model of multi-dimensiality of

coding of plant inherited information (Levites,2003, 2005, 2007).

According to this model, the inherited information is coded

not only by nucleotide sequences but also by a differential

endoreduplication degree of certain chromosome sites. In this

model, the processes of DNA chromosome interaction with

the nuclear membrane and nuclear matrix play a considerable

role.

According to the model, a cell under embryogenesis gets

rid of excessive chromatid site copies; thereafter only the pair

of copies of this or that chromatid site, which attached to the

nuclear membraneor nuclear matrix (Levites, 2003, 2005, 2007),

remain in the cell. The model was being elaborated on the

basis of studying sugarbeet epigenetic variability (Levites et

al., 1998; Levites and Kirikovich, 2003). In this connection,

the focus was on analyzing the effect of Triton X-100 on

sugarbeet. Changes in morphological and biochemical traits

in experimental plants are in favour of the proposed model.

The present research, that aims at investigating the effect of

Triton X-100 on of morphological traits, sugarbeet (Beta

vulgaris L.) is the first stage of the number of research activities

including the effect of Triton X-100 also at physiological,

biochemical and molecular levels of biological organization.

Seeds obtained by self-crosses from the sugarbeet

agamospermous plant with laboratory number 8-3 were

involved in the research. Control seeds were soaked in Petri

dishes in a thermostat at 29 C. Experimental seeds were soaked0

in the 0.1 % Triton X-100 solution for 18 h at 29 C. Then they0

were washed in the running water and placed into the

thermostat again. Thus, control and experimental seeds were
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germinated at the same temperature and humidity. In spring,

2008, shoots were planted in the hydroponic greenhouse under

lightening 5000-10000 lxduring 16 h a daywith mineral nutrition

according to Knopp.

Control and experimental progenies of plant No. 8-3 were

taken from the greenhouse and planted into the open ground

on the 11 of June, 2008 where they were growing till the 10

of October, 2008. Plant trait observation was arranged in two

th th

periods: on the day of planting into the open ground and

harvesting.

Significance of differences of control and experimental

plants was found using G-test (Weber, 1986).

Polymorphism on a number of leaf and root morphological

traits was revealed in control and Triton X-100-treated

sugarbeet plants. The most clearly identified traits were leaf

bending root bending leafed root head short

small root leafed root head

(Fig. 1), (Fig. 2), ,

and . Trait of is characterized by

the presence of a big number of small leaves at the base of big

leaves. The trait of short root is typical of roots not more than

4 cm in diameter and 7 cm in length and having no narrowed

lower parts. The trait of was typical of roots whichsmall root

could be considered as undeveloped being not more than 2

cm in diameter.

In total, 102 control (8-3c) and 199 experimental plants (8-

3tr) were planted into the open field. By the harvesting time,

96 control (8-3c) and 189 experimental plants (8-3tr) survived

and were considered for analysis.

The manifestation degree of a number of traits was typically

dependent on the time of observation and was significantly

changing within each plant group, both experimental and

control (Table 1). Therefore, registration of traits ,

, , and was

leaf bending

root bending short root small root leafed root head

arranged in two terms (Table 1, 2).

Table 1. Manifestation of morphological traits in control and Triton

X-100 0.1 % solution-treated sugarbeet plants at different vegetation

periods

Effect of Triton X-100 0.1 % solution on morphologicalTable 2.

traits of sugarbeet plants No. 8-3

Trait Plant No. 11.06.2008 10.10.2008 G-test P

8-3c, th. (%) 23 (22.5) 42 (43.8) 5.1769 < 0.05Leaf bending

8-3tr, th. (%) 80 (40) 100 (52.9) 2.3086

8-3c, th. (%) 11 (11) 26 (27.1) 6.0964 < 0.05Root bending

8-3tr, th. (%) 21 (10.5) 99 (52.4) 46.1892 < 0.01

8-3c, th. (%) 7 (6.9) 20 (20.8) 6.4906 < 0.05Leafed root head

8-3tr, th. (%) 22 (11.1) 79 (41.8) 29.8734 < 0.01

8-3c, th (%) 19 (18.6) 13 (13.5) 0.6868Small root

8-3tr, th. (%) 49 (24.6) 10 (5.3) 22.9676 < 0.01

8-3c, th. (%) 10 (9.8) 10 (10.4) 0.0164Short root

8-3tr, th. (%) 11 (5.5) 4 (2.1) 2.9374

Trait Observation

date

8-3 c, th.

(%)

8-3 tr, th.

(%)

G-test P

11.06.2008 23 (22.5) 80 (40) 5.0008 < 0.05Leaf bending

10.10.2008 42 (43.8) 100 (52.9) 0.7368

11.06.2008 11 (11) 21 (10.5) 0.003Root bending

10.10.2008 26 (27.1) 99 (52.4) 7.1952 < 0.01

11.06.2008 7 (6.9) 22 (11.05) 1.1852Leafed root head

10.10.2008 20 (20.8) 79 (41.8) 6.676 < 0.01

11.06.2008 19 (18.6) 49 (24.6) 0.9006Small root

10.10.2008 13 (13.5) 10 (5.3) 4.616 < 0.05

11.06.2008 10 (9.8) 11 (5.5) 1.5668Short root

10.10.2008 10 (10.4) 4 (2.1) 7.8786 < 0.01

Hollows 10.10.2008 4 (4.2) 62 (32.8) 25.0975 < 0.01

Sorrel-like leaf 10.10.2008 7 (7.3) 35 (18.5) 5.4316 < 0.05

Leaf bending manifestation frequency (Fig. 1) was

significantly higher by the autumn harvesting time in control

plants compared to growth onset in the open ground, whereas

high frequency of this trait was observed right after the moment

of planting into the open ground in experimental plants, and it

survived till autumn harvesting (Table 1). In this connection,

differences between control and experimental plants were

significant only at the time of planting into the open ground (P

< 0.05), and they became insignificant by the time of autumn

harvesting (Table 2).

During vegetation, there was a significant increase of plant

number with the trait of (Fig. 2) androot bending leafed root

head - both in experimental and control groups. However, in

the experimental group, this increase was more considerable

(Table 1). It is due to this that significant differences between

control and experimental plant groups were revealed only at

the moment of autumn harvesting (Table 2). It is noteworthy

that a change of trait manifestation frequency in the population

was accompanied by its change in a concrete plant during

vegetation. Meanwhile, it was observed that the plant trait

present at the initial observation period disappeared at the

end of vegetation and vice versa.

The trait of had a stable manifestation in controlshort root

and experimental plant groups at ontogenesis. Changes of

this trait frequency during vegetation were nonsignificant

within each group, but in different directions. Therefore, the

differences between control and experimental groups in the

frequency of the trait became significant by theshort root

time of autumn harvesting (Table 2).

The trait of had quite a stable manifestation insmall root

the control. However, it was unstable in the experimental plant

group (Table 1). This trait frequency sharply decreased by the

time of autumn harvesting in Triton X-100-treated plants, and

that led to significant differences between control and

experimental groups (Table 2).
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It is noteworthy that manifestation frequency of the trait

and significantly decreased in theshort root small root

experimental plant group by the time of autumn harvesting (P

< 0.01 and P < 0.05, respectively), and the plant number with

the traits and significantlyroot bending leafed root head

increased by the time (P< 0.01) (Table 2).

Observation of such traits as presence of (Fig. 3)hollows

and was carried out only during autumnsorrel-like leaf

harvesting; significant differences between control and

experimental plants being revealed with P < 0.01 and P < 0.05,

respectively (Table 2).

and, normally, its manifestation was gradually developing and

was equal to that of experimental forms only by the end of

autumn vegetation. Notable is also the fact that the changes

affected by Triton X-100 are very diverse. For instance, if leaf

bending root bending(Fig. 1) and (Fig. 2) can be considered

as the result of different cell division velocity on different

sides of a given organ, then the increased percentage of

(Fig. 3) on roots of Triton X-100-treated plants ishollows

indicative of the thing that the processes of differentiation,

qualitative rearrangement in genome functioning are affected.

Moreover, a big number of versatile changes is suggestive of

the thing that not a certain gene, but most part of plant genome

was Triton X-100-affected.

Fig. 1 Leaf bending trait in sugarbeet plants.

Fig. 2. Root bending trait in sugarbeet plants.

Thus, all the traits under investigation changed and

enhanced their manifestation affected by Triton X-100; the

most significant differences between control and experiment

accumulated by autumn harvesting, except for

(Fig. 1), where the differences between control and experiment

leaf bending

were found already during planting into the open ground.

This can be explained by the fact that Triton X-100 stimulated

manifestation of at the early vegetation periodleaf bending

Fig. 3. Presence of hollows in sugarbeet plants.

The findings prove the fact that Triton X-100 induces

clearly identifable changes in morphological trait of sugarbeet.

They are observed not only at the initial, but also at later

developmental stages separated by a long time span from the

Triton X-100 treatment to a large number of cell generations.

As a non-polar detergent, Triton 100-X is capable of separating

proteins from membranes and induces changes of structure

and function of membranes (Barsukov, 2004). Preservation of

morphological changes for a long time allows us to hypothesize

the thing that the changed membrane states can survive in a

number of cell generations. Moreover, the data on the Triton

X-100 effect on wheat seeds (Makhmudova, 2007;

Makhmudova ., 2008, 2009) are indicative of the thing thatet al

the Triton X-100-affected membrane state is preserved in a

number of sexual generations. Therefore, the obtained data

indicates not only that Triton X-100 can be considered as an

epimutagen, but also the thing that biological membranes and,

first, membranes of cell nucleus, are an important element of

genome structure, determining its functioning state and

variability. Studying the mechanism for preservation of

changed membrane states in cell and sexual states is of great

interest. It is clear that, by some common mechanism of genome

functioning, chromosome interaction with nuclear membrane
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and nuclear matrix is affected.Appearance of induced changes

in sugarbeet can be considered as a result of Triton X-100

effect on the multi-dimensional system of inherited information

coding.
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