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RELATIONSHIP BETWEEN RNA/DNA RATIO,
GROWTH RATE AND ACCUMULATION OF SELENIUM
IN THE CELLS OF WHEAT LEAVES UNDER THE INFLUENCE
OF MINERALS ANALCIME AND TREPEL
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We studied specific effects of different doses of natural minerals — analcime (An) and trepel (Tr) — on
the growth rate, selenium (Se) content and functional activity of the genome of wheat leaves measured by the
RNA/DNA ratio. Our results show that under the influence of An and Tr, especially at low doses (25 mg/100 g
sand), there is a significant increase in the content of Se, increased growth rate of leaves of wheat seedlings
and decreased RNA/DNA ratio. We have found significant correlations between studied parameters. Our fin-
dings suggest that the RNA/DNA ratio can be used as a convenient, reliable indicator of the biological activity
of minerals An and Tr, and for quantitative express-estimation of their impact on plant organisms.

Key words: RNA/DNA ratio, minerals analcime and trepel, selenium, wheat.

effects of abiotic factors has become of par-

ticular importance given the need to achieve
many theoretical and application-oriented objectives
of modern phytobiology, including among others the
development of new highly effective technologies for
controlled growing of plants using natural minerals.
Among natural composites that have started to be
used in plant growing, special attention should be
paid to zeolites, in particular analcime (An) and tre-
pel (Tr) [1, 2]. These minerals are among the most
promising because they are ecologically safe natural
sources of mineral nutrition for plants and, above all
things, they are accessible forms of silicon (Si) [3,
4]. It is known that Si is necessary for many physi-
ological and biochemistry processes in the plant
organism, for increasing its adaptive resistance to
stress-factors, etc. [5, 6]. According to existing re-
search findings [1, 7], more than 30 different biogen-
ic elements have been detected in An, and around
40 essential micro- and macroelements have been
found in Tr. Taking into account complicated nature
of silicon-containing silica rocks, the impact of each
of them on the plant requires complex investigation.
The lack of knowledge regarding biological effects
of these natural minerals limits their broad use.

S tudying mechanisms of plant responses to the
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Finding quick, reliable and easily available
methods of quantitative evaluation of plant response
to exogenous effects has become an important task.
It is known that the response of a plant organism to
the effects of exogenous factors can be characteri-
zed by a number of quantitative indicators including
functional state of genome and growth rate as a
generally accepted genetically determined indicator
of a general response to exogenous effects.

To date, there is no comprehensive information
regarding plant genome response, in particular that
of wheat, to the effects of natural minerals. Specifici-
ties of functional activity of the genome as a whole
highly-organized structure were studied on various
plants species using DNA-RNA hybridization and
microarray technologies [8, 9]. The possibility of
using RNA-DNA ratio for this purpose, which we
experimentally established [10, 11], might signifi-
cantly facilitate the determining of index of activ-
ity of the genome of plants grown under different
conditions.

As reported in [12], Tr is able to decrease pen-
etration of radionuclides in plants, in particular, *’Cs
3-5 times. However, the effects of An and Tr on ac-
cumulation of micro- and macroelements in plant
tissues, in particular accumulation of selenium (Se)
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as an important element in plants’ metabolic pro-
cesses, has not been completely studied. Nowadays
adequate provision of a plant organism with Se is
considered to be one of the most important criteria of
plant quality and utility for animals and people [13].

Cereals belong to the plants with low ability to
accumulate Se, in particular optimal content of this
microelement in wheat is usually within the range
of 0.8-20 ug/g of dry mass [13]. It is known that
Se plays a substantial role in regulating water bal-
ance and antioxidant status in cells. Selenium also
increases adaptation potential and stress-resistance
of higher plants and is considered one of the growth-
regulating microelements [13, 14]. Therefore, it is
important to gain information about the effects of
natural minerals on Se accumulation in plants.

The aim of this work is to investigate interde-
pendencies between changes of functional state of
the genome of wheat seedlings using RNA/DNA ra-
tio, growth rate and Se accumulation under different
doses of An and Tr.

Materials and Methods

The effects of different doses of An and Tr
were studied on the model of leaves of wheat seed-
lings (Triticum vulgare (Will)). Plants grown in
laboratory conditions on a solid substrate (sand) at
the temperature of 20-23 °C, relative air humidity of
70—85% and with natural light. We used calibrated
and previously moistened wheat seeds to obtain con-
trol samples of plant material. Such seeds for experi-
mental purposes were powdered (P) before planting
or planted into sand with natural minerals An and
Tr at concentrations of 25, 50, 100, 150 i 200 mg per
100 g of sand.

We used 8 days-old seedlings, which on the
8th day exhibited the increase in the indicators of
functional activity of the genome and growth rate
of leaves according to the schedule of time distribu-
tion of functional activity of genomic DNA in the
process of wheat growth [10]. The above findings
supported the appropriateness of using these plants
in experiments to detect changes in the indicators
and Se content in wheat seedlings at different doses
of Anand Tr.

The growth rate of wheat leaves was deter-
mined according to [15] based on the data on the
daily growth rate of the aboveground part of 8 days-
old seedlings. Thirty wheat plants (7 and 8 days-old)
of control and experiment samples were collected
and photographed, and the length and growth rate
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of their leaves were measured using NIH Image 1.59
Software.

The content of Se in the wheat leaves, treated
by mixture of concentrated HNO, and HCIO, acids,
was measured following fluorometric method us-
ing 2.3-diaminonaphtaline [16]. The measurement
of Se content was performed on the fluorescence
spectrophotometer Turner (USA) with 365 nm wave
length of stimulating light and 525 nm wave length
of radiation. Concentration of this microelement was
measured using calibrating graph with R2 = 0.98. To
plot a calibrated graph, a standard sample of sele-
nium with concentration of 0.1 mg Se/cm? was used.
To detect the accuracy and error of selenium measu-
rement we used standard “Ishtar-selenium” sample
with concentration of 40 pug /ml. Computer process-
ing of data was performed with the use of software
Scion Image.

Spectrophotometric evaluation of quantitative
content of nucleic acids (NA) directly in leaves of
wheat seedlings was performed according to the
procedure [17] with some modifications of the con-
ditions of consecutive hydrolysis of the same plant
sample by different chemical factors (0.5 M KON
at 67 °C, 1 hour, and then 0.5 M HCIO, at 90 °C,
20 min) [18] with further spectrophotometric analy-
sis of alkaline (RNA) and acid (DNA) fractions
in a standard way. The obtained results allowed
estimating the RNA/DNA ratio.

For the control and experimental samples of
seedlings we conducted three rounds of experiments
for each of the three independent experiments.

Statistical analysis of the data was performed
using STATA 11.0 software.

Results and Discussion

We report the results of the study of natural
minerals’ effects on wheat leave growth rate and Se
content in these tissues in Fig. 1. It appears that the
values of the mentioned parameters in experimental
plants significantly exceed the control ones. Seed-
lings, whose seeds were powdered by An and Tr
before planting, have shown an increase in growth
rate at the level 25% (An) and 37% (Tr), and Se accu-
mulation at the level 3.2% (An) and 9.7% (Tr). After
adding a certain amount of these natural minerals
to the substrate (in particular, a dose of 25 mg per
100 g of sand), we observed a significant increase in
growth rate and Se content in comparison with con-
trol plants. Particularly, the growth rate in experi-
mental plants exceeded growth rate in the control
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plants 2.9 times when An was added and 3.5 times
when Tr was used, Se content increased 2.5 times
and 3.7 times when An and Tr were used, respective-
ly. However, when the doses of An and Tr increased
within the range of 50-200 mg per 100 g of substrate
we observed a decrease in values of the parameters
in experimental plants, although their values were
still higher than in the control ones: the indicator of
growth rate was 3.6-2.2 cm (An) and 3.0-1.8 cm (Tr);
the indicator of Se content, pg/g dry mass changed
from 7 to 4.2 under the effect of An and from 9.2 to
1.5 under the effect of Tr. Within the doses range of
25-100 mg minerals per 100 g of substrate and com-
pared to An, Tr has appeared to be the most effective
stimulator of growth processes and Se accumulation

12

in wheat seedlings leaves. The observed similarity
of dynamics of Se accumulation and growth rate
under the influence of two minerals supports exist-
ing findings regarding the role of selenium in plant
growth processes [14, 19]. It should be noted that
compared to An, an increase in doses of Tr led to a
more prominent decrease of growth rate and Se con-
tent in wheat leaves. The established change in these
parameters is among the first described effects of An
and Tr mineral components on the plant organism.
Along with determining the growth rate of
wheat leaves and their Se content, we studied sensi-
tivity of plants to the change of doses of An and Tr at
the level of their genome response. RNA/DNA ratio
was used to evaluate general functional activity of
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Fig. 1. The impact of analcime (A) and trepel (B) on the growth rate of wheat seedling leaves on the 8" day and

their Se accumulation. C — control, P — powdering
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Fig. 2. The impact of different doses of analcime (An) and trepel (Tr) on the RNA/DNA ratio in wheat seedling

leaves

genomic DNA [10, 11, 20]. The results of monitoring
the dynamics of RNA/DNA ratio in leaves of seed-
ling grown under different content of An and Tr in
sand are presented in Fig. 2. It is important to note
that general functional state of genome of leaves in
control seedlings and in the seedlings grown from
the seeds powdered by the minerals was not signifi-
cantly different. But the level of genome functioning
decreased under influence of both minerals used in
low doses (25 mg per 100 g of substrate) and gradu-
ally increased, but not exceeded control values, in
the range of doses of 50-200 mg per 100 g of sand.
Within this range we also observed differences be-
tween An and Tr effects on the rate of increase of
genome activity characterized by the RNA/DNA
ratio. Thus, the obtained results prove that the effect
of different doses of natural minerals causes signifi-
cant changes, which are detected at the level of ge-
nome functioning and which may be estimated by
the RNA/DNA ratio.

Comparing the indicators of genome activity
(RNA/DNA ratio) with relevant indicators of Se
content and growth rate has showed the existence of
opposite direction of changes in the values of these
parameters in all studied wheat plants. This result
is confirmed by the data of the correlation analysis
(Table). It shows that parameters “growth rate” —
“RNA/DNA ratio” and “Se content” — “RNA/DNA
ratio” are related and characterized by a significant
negative coefficient of linear correlation. However,
high positive correlation was observed between
values of “growth rate” and “Se content”. Given sig-
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nificant correlation between these parameters found
in our study, the change in one parameter allows us
to predict the nature of change in others.

The obtained results prove that wheat is sensi-
tive to the effects of natural minerals An and Tr and
is fully suitable plant system for studying biological
effects of chemical agents, which may occur at dif-
ferent levels of plant organism organization.

Coefficients of linear correlation (r) between indica-
tors of growth rate, Se content and RNA/DNA ra-
tio in the leaves of control and experimental wheat
seedlings under the effect of An and Tr

Indicators Growth Se RNA/

rate content DNA
Control

Growth rate 1.0

Se content 0.965%* 1.0

RNA/DNA ratio -0.990%* -0.960** 1.0

Analcime

Growth rate 1.0

Se content 0.959%* 1.0

RNA/DNA ratio -0.880*  -0.944* 1.0
Trepel

Growth rate 1.0

Se content 0.860* 1.0

RNA/DNA ratio -0.986%*  -0.918* 1.0

*P < 0.05; ** P<0.01
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This direction of research has a practical im-
plication for establishment of optimal doses of min-
erals, which provides a possibility to improve ways
to regulate growth processes and, as a consequence,
to improve productivity and quality of agricultural
plants. Using the RNA/DNA ratio has allowed us in
a relatively short period of time to determine diffe-
rences in the character of genome functional activi-
ty under influence of different doses of An and Tr,
which opens possibilities to study relevant changes
at its structural level.

Significant correlation links established among
studied parameters provide ground to consider the
RNA/DNA ratio as an indicator of biological activi-
ty of exogenous factors, in particular, of natural
minerals An and Tr, and quantitative evaluation of
their impact on plants.
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CIHIBBIJHOIIEHHSAM PHK/

JAHK, HIBUJAKICTIO POCTY TA
AKYMVYJISLIEIO CEJIEHY B
KJIITUHAX JIMCTKIB NIIEHUILII
3A JIIIi MIHEPAJIIB AHAJIBIIUMY
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JlocmimkeHo 0coOIUBOCTI BIUTMBY Pi3HHUX 103
MIPUPOIHUX MiHEpalliB aHalpuMy (AH) 1 Tpeme-
ny (Tp) Ha MBHAKICTE POCTY, BMICT celeHy (Se) Ta
AKTUBHICTh TEHOMY JIUCTKIB IIIIEHUII, OXapaKTe-
puzoBany cmiBBinaomenasmM PHK/IIHK. ITloka3a-
HO, 110 32 aii AH 1 Tp, 0cOOIMBO B HU3BKHUX J03aX
(25 Mr/100 t cyOctpary (ITiCOK)), CIIOCTEPITaeThCs
ICTOTHE 3pOCTaHHS BMICTY Se, ITiABUIICHHS
MIBUKOCTI POCTY JIMCTKIB IPOPOCTKIB Ta 3HU-
keaHs mokaszanka PHK/IIHK. BusBieno 3nauny
KOPEJAIII0 MK JOCIIUKYBAaHUMH ITapaMeTpaMHu.
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ITokasano, mio cruiBBigunomenuss PHK/JTHK moxHa
BUKOPHUCTOBYBATH SIK 3pyYHHIA, HAIIHHHUI TOKa3HUK
OiosorigyHOi akKTUBHOCTI MiHepaliB AH i Tp Ta mus
KUTBKICHOT €KCIIPec-OI[iHKY 1X BIJIUBY Ha POCIHHHI
Oprasizmu.

KnwouoBi cmaosa: cuiBBiguomenus PHK/
JAHK, MiHepanu aHaJdbIIUM 1 TpEmeln, celieH, Ie-
HHUIIA.
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JHK, CKOPOCTBIO POCTA
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HccnenoBanbl 0COOCHHOCTH BIUSHUS Pa3iIny-
HBIX 703 MPUPOTHBIX MHHEPAJIOB aHAJIbBINMA (AH)
u Tpenena (Tp) Ha CKOPOCTH pocTa, CoAepKaHue ce-
neHa (Se) ¥ aKTHBHOCTh T€HOMA JINCTHEB MIICHUITBI,
oxapakTepu3oBaHHyr cooTHorenunem PHK//THK.
IToxa3zano, uto mox BaustHueM AH U Tp, ocoOeHHO
MpH HU3KUX 103ax (25 mr/100 r cybeTpara (mecok)),
HaOIOaeTCsl 3HAYMTEIBHOE YBEIMUYEHUE CONep-
’KaHUsl Se, MOBBILICHUE CKOPOCTH POCTa JUCTHEB
MPOPOCTKOB U cHUkeHue cooTHorrenust PHK/JTHK.
YcTaHoBIEHA 3HAYUTENbHAST KOPPEISIUS MEXKIY
uccienyeMeiMu mapameTrpamu. [lokazaHo, 9To co-
otHomenne PHK/JITHK MoHO HCIOIB30BaTh Kak
yIOOHBIN, HAJIEKHBIA MOKa3aTeldb OMOJIOTUYECKON
aKTUBHOCTU MuHepanoB AH u Tp, a Takxe 115 KO-
JUYECTBECHHOU AKCIPECC-OICHKH HUX BIUSHUS HA
pacTUTEIbHBIC OPTAHU3MEI.

KnrmoueBbie cmoBa: cootHomenue PHK/
JIHK, MuHepaiibl aHaJIbLIUM U TPEIIE, CEJIEH, IIIe-
HHUILIA.
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