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INTRODUCTION

The interest for the studying the mechanisms of
rhizogenesis follows not only from the importance of
the root system in the maintenance of plant growth
and nutrition, but also because the formation of lateral
roots is a convenient model for studying the factors
that determine a such characteristic feature of plant
growth, as developmental plasticity [1]. In depen�
dence on the availability of water and mineral nutri�
tion, plants optimize the root architecture mainly due
to the initiation and growth of lateral roots of different
orders. At present, the stages of lateral root develop�
ment are established including initial cell division, pri�
mordium development, the formation of active mer�
istem, the appearance and growth of the root [2]; bio�
chemical, physiological, and histological events
directly related to this process are revealed [1–3]. 

Among the major constraints for understanding the
mechanism of root formation is the lack of informa�
tion about the inducers of rhizogenesis. The leading
role in this process is assigned to auxin: the key role of

its gradient is established [1, 4]; the components of its
transport are identified [3]; the great number of
IAA�inducible genes are characterized [5]; it is shown
than the changes in the rate of IAA synthesis in
mutants affect the amount of roots [4]. Nevertheless,
the search for other endogenous factors involved in the
root initiation process continues. Most effectors cur�
rently revealed function already after triggering rhizo�
genesis by the hormone [6, 7]. In addition, when auxin
is considered as a key stimulus of the earliest events of
lateral root initiation, including priming and getting
by some cells the status of founder cells [1–3], most
authors do not take into account the events taking
place before the action of the hormone, and do not
consider the mechanisms and signals that are involved
in the selection of definite cells and the formation of
their competence to auxin.

Starting from the 80s, the evidence appeared about
oligosaccharins, fragments of the cell wall oligosac�
charides manifesting biological activity [8]. A great
number of oligosaccharins differing in their composi�
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tion, structure, and physiological action have been
identified [9]. Some of them participate in various
morphogenetic reactions, which was demonstrated for
some organisms [10–12]. However, the effects of oli�
gosaccharins were mainly studied with compounds
obtained by the chemical synthesis or after the hydrol�
ysis of cell wall polymers. In our laboratory the meth�
odology of biologically active oligosaccharin obtaining
from plant homogenates without preliminary hydroly�
sis of cell wall polymers was developed [13], which
confirms the in vivo occurrence of these regulatory
molecules. One of isolated fractions of oligosaccha�
rides (with the degree of polymerization of ~10) man�
ifested a capability of stimulation of IAA�inducible
rhizogenesis on the explants from buckwheat hypoco�
tyls [14]. Although at present the signaling role of oli�
gosaccharins is already commonly accepted [9, 15],
little is known about the mechanisms of their actions
in mediating IAA�induced processes in the plant. 

For the investigation of the process of root forma�
tion, model systems are often used (segments of stems
or leaves, thin�layers explants, etc.); in these cases,
under certain conditions, a change in the develop�
mental program of some cells occurs, which leads to
the emergence of so�called adventitious roots [16].
The formation of adventitious roots in these model
systems has some common features with the formation
of lateral roots on the main root because they both
develop post�emryonically from the cells, which must
dedifferentiate to give rise to the new organ. The sim�
ilarity was observed also at the stages of root develop�
ment, which was confirmed in morphological obser�
vations [1, 17] and in the studies of some root�specific
gene expression [18]. Therefore, the formation of
adventitious roots produced on in vitro cultured plant
tissues is a suitable system to study rhizogenesis under
controlled conditions and under the influence of
diverse factors.

Despite the significant progress made in the study
of root formation [1–5, 19], yet there is no clear pic�
ture of how a multistage process of development of the
root system is controlled during plant ontogeny and
what mechanisms coordinate the complex responses
to many external and internal signals. Further studies
are required for decoding these mechanisms that will
be more correctly describe the process of regulation of
the earliest stages, as well as to understand the role of
oligosaccharins as the regulatory molecules of the new
class. Therefore, the objective of this work was to study
the nature of the involvement of natural oligosaccha�
rin stimulating rhizogenesis in the process of the
IAA�induced formation of adventitious roots.

MATERIALS AND METHODS

Experiments were carried out on the segments of
buckwheat (Fagopyrum esculentum Moench) hypoco�
tyls and also explants from leaves and hypocotyls of
transgenic plants of tobacco (Nicotiana tabacum L., cv

Petit Havana) harboring the construct comprising the
rolB promoter from Agrobacterium rhizogenes and the
reporter GUS gene (encoding β�glucuronidase) from
Escherichia coli. Plants were grown from seeds
obtained in the Department of Biological Investiga�
tions “La Sapienza” University of Rome [11].

To obtain segments of buckwheat hypocotyls, the
seeds were sterilized in 2% sodium hypochlorite for
10 min and then germinated for four days on agar�
solidified half�strength MS medium [20]. Segments
1 cm in length were excised from the middle parts of
hypocotyls, cut longitudinally into the two parts,
which were placed by the cut surface down in Petri
dishes with liquid half�strength MS medium and cul�
tured in darkness at 25°C.

To obtain explants from tobacco leaves, plants
were grown at 25°C and an irradiance of 20 W/m2

with a 16�h photoperiod from the seeds preliminarily
sterilized in 2% sodium hypochlorite for 8 min. Mid�
dle veins were removed from the leaves of top parts of
seedlings at the age of 35–40 days, and segments
6 × 6 mm were excised. Explants were placed abaxial
side down in Petri dishes on liquid (for determination
of GUS activity) or agar�solidified (for root count�
ing) half�strength MS medium. Explants were cul�
tured in darkness at 25°C.

To obtain explants from tobacco hypocotyls, the
seeds were germinated on hormone�free agar�solidified
half�strength MS medium for 7 days in the temperature
controlled cabinet at 25°C. Segments 6–8 mm in
length were excised from the upper parts of seedlings,
which were further cultured in the liquid half�strength
MS medium in darkness at 25°C.

In all cases half�strength MS medium supple�
mented with 2% sucrose; 0.8% agar was added for it
solidification. Plant growing and explant preparation
and culture were performed aseptically.

For the assay of glucuronidase activity (GUS activ�
ity), 50 mg of explants from tobacco leaves or 5 seg�
ments from hypocotyls (~7 mm in length) were
ground with a mortar and pestle in the extraction
buffer (300 μL) containing 50 mM Na2HPO4, 5 mM
DTT, 1 mM Na2EDTA, 0.1% SDS, and 0.1% Triton
X�100, pH 7.0. Extracts were centrifuged at 7000 g for
3 min. GUS activity was measured in the same buffer
in the presence of 100 μM 4�methylumbelliferyl glu�
curonide. The reaction was started by the addition of
20 μL of the extract, and the amount of released
4�methylumbelliferone (4�MU) was measured during
30 min with intervals of 10 min, using the Perkin
Elmer MPF�44B spectrofluorimeter (Perkin Elmer,
United States) at the excitation at 455 nm and emis�
sion at 365 nm. Enzyme activity was expressed in
4�MU nmol/(mg fr wt min) (for explants from
tobacco leaves) or 4�MU nmol/(sample min) (for
tobacco hypocotyl segments).

The fraction of active oligosaccharide was isolated
from pea (Pisum sativum L.) seedlings grown on tap
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water at 25°C at an irradiance of 20 W/m2 with a 12�h
photoperiod. Seedlings were fixed at 100°C for
30 min, dried at 60°C until the constant weight, and
powdered. Plant material was washed with organic sol�
vents (chloroform : ethanol, 1 : 2, and 70% ethanol);
then endogenous oligosaccharides were extracted with
50 mM KH2PO4 (pH 7.0). Further oligosaccharide
purification was performed by successive chromato�
graphic steps using different types of chromatography.
The methodology of oligosaccharides isolation and
purification based on the high hydrophilicity of neu�
tral oligosaccharides and the lack of charges in them
was developed in our laboratory. All conditions were
chosen to provide intactness of the oligosaccharides
during their extraction from plant tissues. The prelim�
inary analysis of the obtained active fragment showed
that it consisted mainly of arabinose and galactose [9].
More detail description of the method has been pub�
lished earlier [13, 14]. The selected oligosaccharide
fraction stimulating rhizogenesis was designated as
oligosaccharin OS�RG.

The concentrations of IAA and oligosaccharin
used for the highest effects were chosen in preliminary
experiments. In all experiments with the buckwheat

hypocotyl segments and explants from tobacco leaves,
we used 3 μM IAA and 5 μg/mL of oligosaccharin. For
segments of tobacco hypocotyls 0.5 μM IAA was used.
The numbers of roots (not less than 2 mm in length)
were counted visually on the 5th and 14th day of cul�
ture of buckwheat hypocotyl segments and explants
from tobacco leaves, respectively. After longer culture,
the identification of individual roots was difficult
because of their higher lengths. The formation and
development of primordia in the tissues of tobacco
hypocotyl segments was assessed daily during 7 days
on squashed preparations using a PZO light micro�
scope (Poland) at a 125X magnification.

The following reagents were used: IAA, 4�umbel�
liferyl glucuronide, Na2EDTA, SDS, Triton X�100,
and growth regulators for explant culture were pur�
chased from Sigma (United States). All other reagents
of high quality were produced in Russia. 

Experiments were performed in two–three repli�
cates. No less than 10–15 explants were used for each
measuring. Figures 2 and 3 and tables present means
and standard deviations of one of typical experiments. 

The number of roots formed on hypocotyl segments of buckwheat and explants from tobacco leaves, depending on the avai�
lability of IAA and oligosaccharin OS�RG in culture medium

Time of culture 
in the first medium, h

Number of roots per explant at different treatments 
(explant transfer from one to another medium)

I
IAA → hormone�free

II
hormone�free → IAA

III 
IAA → OS�RG

IV 
OS�RG → IAA

a) Segments of buckwheat hypocotyls

0.5 – 11.4 ± 0.9 3.4 ± 0.5 12.8 ± 1.9

1 4.3 ± 0.5 11.9 ± 1.5 3.5 ± 0.5 17.0 ± 2.7

2 3.5 ± 0.8 11.0 ± 1.6 3.3 ± 0.4 17.8 ± 3.3

5 3.0 ± 0.9 8.5 ± 1.6 3.4 ± 0.5 10.3 ± 1.1

24 12.1 ± 1.2 4.3 ± 0.8 12.0 ± 1.4 5.8 ± 1.2

48 12.0 ± 1.4 3.7 ± 0.9 12.0 ± 0.8 5.8 ± 0.8

b) Explants from tobacco leaves

1 1.3 ± 0.5 17.4 ± 1.3 1.2 ± 0.4 19.2 ± 2.3

2 2.0 ± 0.8 18.3 ± 2.9 1.1 ± 0.4 20.6 ± 2.3

5 1.5 ± 0.6 – 2.0 ± 0.8 22.3 ± 1.8

24 2.0 ± 0.7 19.0 ± 2.0 1.7 ± 0.5 22.0 ± 1.5

48 1.6 ± 0.5 16.9 ± 1.2 1.7 ± 0.5 18.8 ± 1.9

72 5.2 ± 0.8 9.3 ± 1.3 7.0 ± 0.9 –

96 – 8.1 ± 0.8 16.6 ± 1.3 8.9 ± 1.2

120 15.7 ± 1.1 7.0 ± 1.3 – –

144 16.8 ± 1.8 – 18.7 ± 1.6 3.2 ± 0.8

Roman figures in the columns indicate the treatments corresponded to the scheme presented in Fig. 1. The time of culture in the first
medium is indicated in the first column. After transfer to the second medium, explants were cultured in it until the end of the experi�
ment. The number of roots on the segments of buckwheat hypocotyls was counted on the 5th day, and on the explants from tobacco
leaves – on the 14th day, starting from the moment of explant placing on the first medium. The numbers of roots at constant culture of
the segments of buckwheat hypocotyls on medium with IAA was 12.0 ± 0.9, with OS�RG + IAA – 14.4 ± 1.1, the corresponding values
for explants from tobacco leaves were 14.0 ± 1.2 and 17.5 ± 1.3. IAA concentration was 3 µM and that of OS�RG – 5 µg/mL.
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RESULTS

Determination of the Time of IAA Action Required 
for the Appearance of Adventitious Roots on Explants

Segments of buckwheat hypocotyls. First visible
roots on the explant surface (~2 mm in length)
appeared in the third day of culture. On the 5th–
6th day of culture on hormone�free medium, only
3.3 ± 0.3 roots were formed per explant, whereas on
medium with IAA (3 μM) 12.0 ± 0.9 roots per explant
were formed.

To determine the duration of culture in the pres�
ence of the hormone required for the effective induc�
tion of adventitious roots, explants were first placed on
the medium with IAA and then after culture during
different periods (from 30 min to 48 h) they were
transferred to hormone�free medium, where they were
kept until root counting (Fig. 1a, treatment I). Or
explants were first cultured on hormone�free medium
using the same time points, and then they were trans�
ferred to the medium with IAA until the end of culture
(Fig. 1a, treatment II). The number of roots per
explant as assessed on the fifth day decreased when
initial incubation with IAA was less than for 24 h (table
(a), column I). When explants were transferred from
hormone�free medium to the medium with IAA, it was
found that the delay in the IAA application within 2 h
did not exert any negative effect (table (a), column II):
explants produced the same number of roots as in the
case of their culture with IAA during the whole tested
period. However, the number of roots reduced approx�
imately by 30 and 65% at the culture on hormone�free
medium for 5 and 24 h, respectively. When the hor�
mone was added after 48 h after the start of culture, its
effect was absent and the number of roots was similar
to that on the hormone�free medium, during the
whole tested period (3.3 ± 0.3).

Explants from tobacco leaves. First roots on
explants from tobacco leaves appeared on the 6th–
7th day of culture and on the 14th day their number

reached 14.0 ± 1.2 roots per explant when 3 μM IAA
was constantly present in medium, whereas roots were
not developed on hormone�free medium.

For the determination of the optimal time of cul�
ture with the hormone, the same scheme was used as
in the case of buckwheat explants (Fig. 1a) but the
time points were in a wider range (from 1 to 144 h).
Incubation with the hormone for 72 h was not suffi�
cient for the appearance of the same number of roots
as at the longer exposure to IAA (table (b), column I).
When explants were transferred from hormone�free
medium to the medium with IAA, culture without the
hormone during two days induced even the higher
number of roots than at explant incubation with the
hormone during the whole period of culture. However,
when the hormone was supplied only on the third day
or later, the number of roots was substantially reduced
(table (b), column II). 

Duration of adventitious root formation differed
sharply in two tested model systems; however, for both
cases, it is possible to reveal close stages reflecting
explant sensitivity to the hormone. The first stage
when the absence of the hormone in medium did not
affect the number of roots; it lasted for 2 to 48 h after
the start of culture for buckwheat and tobacco
explants, respectively. Thus, this period can be desig�
nated as an IAA�insensitive stage. The next stage can
be designated as IAA�dependent one (2–24 h for the
first model and 48–144 h for the second one), because
the absence of exogenous IAA during this period led to
the reduction of the number of roots, and finally the
following period (starting from 24 h for buckwheat and
144 h for tobacco explants) was the IAA�independent
period when the presence of IAA in medium was not
necessary. 

I

II

IAA hormo� OS�RGIII

IVIAA

IAA

IAAhormo� OS�RG

(а) (b)

Fig. 1. Scheme of the experiment on the setting the periods of sensitivity to IAA and the oligosaccharin OS�RG.
IAA concentration is 3 µM; OS�RG concentration is 5 µg/mL.
I – transfer from medium with IAA to hormone�free medium;
II – transfer from hormone�free medium to medium with IAA;
III – transfer from medium with IAA to medium with OS�RG;
IV – transfer from medium with OS�RG to medium with IAA.

ne�free

ne�free
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Effect of OS�RG Oligosaccharin on the Formation
of Adventitious Roots 

The oligosaccharin OS�RG (5 μg/mL) added to
the medium together with IAA for the whole period of
culture, induced the additional increase in the number
of roots in both model systems as compared with the
effect of IAA alone: from 12.0 ± 0.9 to 14.4 ± 1.1 in
buckwheat hypocotyl segments and from 14.0 ± 1. 2 to
17.5 ± 1.3 in explants from tobacco leaves, i.e., in both
cases stimulation was by ~20–25%.

To study short�term action of oligosaccharin and to
compare the periods of its activity with the above
described periods of sensitivity to auxin, we performed
experiments with the same time intervals; however,
instead of hormone�free medium the medium con�
taining 5 μg/mL of OS�RG was used (Fig. 1b). When
explants were pre�incubated in the medium with the
oligosaccharin with their further transfer to the
medium with IAA (columns IV in both parts of the
table), the number of roots was higher than at the incu�
bation with the hormone alone or with a treatment
when IAA and OS�RG were added simultaneously and
were present during the whole period of culture. The
period of pre�incubation with the oligosaccharin when
the highest effect was observed was 1–2 h for segments
of buckwheat hypocotyls and from 5 to 24 h for
explants from tobacco leaves, which corresponds to the
time interval designated by us as IAA�insensitive,
because the efficiency of the hormone presence in
medium during this period was not high. When
explants were pre�incubated with IAA and then trans�
ferred to the medium with oligosaccharin (columns III
in both parts of the table), the number of roots was
small and the overall pattern was almost consistent with
a treatment with explant transfer on hormone�free
medium (columns I in both parts of the table).

Effects of Oligosaccharin OS�RG and IAA
on GUS Activity 

The use of explants from the leaves of transgenic
tobacco plants containing GUS gene under the control
of the rolB promoter gives a possibility to assess early
IAA�induced events by GUS activity still before the
appearance of first visible roots because auxin, by trig�
gering the expression of GUS�gene, stimulates the for�
mation of the enzyme hydrolyzing exogenous sub�
strate (4�methylumbelliferyl glucuronide) with the
formation of fluorescent product. Enzyme activity
assessed from the intensity of fluorescence is actually
the detector of auxin action. Like in the case of root
development, changes in GUS activity in tobacco
explants were observed only in the presence of IAA.

The change in GUS activity during explant culture
was characterized by the two peaks (Fig. 2). When IAA
was present in the medium during the whole period of
culture, the first maximum was observed on the third
day, and the second – on the fifth day. A short�term

(for 1 h) explant pre�incubation in the medium with
5 μg/mL of the oligosaccharin OS�RG with subse�
quent transfer to the medium with IAA increased the
number of roots. In this case, not only GUS activity
was enhanced, but also the response was accelerated,
as indicated a shift of the first peak on the graph to the
left, i.e., to the start of culture. The position of the sec�
ond peak was not changed (Fig. 2).

To compare GUS activity with morphological
changes occurring in tissues after treatment with IAA,
we used segments from tobacco hypocotyls. At the
treatment with 0.5 μM IAA (optimal for this model
system), GUS activity had a well expressed peak on
the third day of culture and a shoulder on the 4th–
5th day (Fig. 3a). An increase in GUS activity coin�
cided with the formation and development of various
cell structures, from simply dividing groups of cells in
the initial period to multilayer cellular structures
(Fig. 3b). Since we were not dealing with a synchro�
nous cell culture, different figures representing differ�
ent stages of root development can be in the field of
view simultaneously; however, at each time point one
of them was predominant (Fig. 3c). Thus, within the
first day after the start of explant culture, only dense
cell aggregations were seen; on the second day a great
number of structures in the form of meristematic
tubercle appeared; by the third day of culture, when
the first peak of GUS activity was observed, mainly 4–
5�layered primordia of semi�spherical shape were seen
in the explant tissue (Fig. 3). The shoulder on the
curve of GUS activity (corresponding to the second
peak of activity in explants from tobacco leaves in
Fig. 2) coincided with the appearance of already
almost developed roots.
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Fig. 2. Effects of oligosaccharin OS�RG and IAA on GUS
activity in explants from transgenic (rolB�GUS) tobacco
leaves.
(1) Incubation on medium with 3 µM IAA during the
whole period of culture (open symbols);
(2) Explant pre�incubation on medium with 5 µg/mL of
OS�RG (1 h) with subsequent transfer to the medium with
3 µM IAA (filled symbols).
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DISCUSSION

In the process of adventitious root development on
explants from buckwheat hypocotyls and tobacco
leaves, there are definite time intervals differing in the
sensitivity to auxin (table). It has been shown earlier on

other plant material [21, 22] that auxin is not necessary
during all phases of root development. A comparison of
such periods differing in the sensitivity to auxin with
morphological changes occurring during the develop�
ment of lateral and adventitious roots allowed a sugges�
tion about the two stages of this process: root initiation
requiring the presence of auxin and root appearance
when auxin is not needed [22, 23]. Most researchers,
even working with model systems, ignore the existence
of a short period before the stage of increased explant
demand to the hormone, which we called as insensitive
to auxin. Duration of this period in our experiments
depended on the plant material used and was 1–2 h or
2 days for the segments of buckwheat hypocotyls and
tobacco leaves, respectively (table (a, b)). The occur�
rence of this period of insensitivity to the hormone in
the beginning of explant culture is hardly related to the
amount of endogenous IAA in our samples because
such period was observed in both model systems. While
the segments of buckwheat hypocotyls can develop
some small amount of roots (3–4 per explant) even
without the addition of the exogenous IAA due to its
endogenous content, the roots never appeared on
explants from tobacco leaves on hormone�free
medium, although it is known that the content of IAA
in leaf explants is rather high [16]. The existence of the
period of insensitivity to auxin was noted in others
although very numerically small numbers of studies of
adventitious root formation [21, 24]. Thus, the highest
number of roots was produced by the apple stem pieces
when auxin was added not in the beginning but at 24–
96 h after the start of culture [24]. It is supposed that
during such lag�period dedifferentiation occurs when
the cells become competent to respond to growth reg�
ulators, auxin in particular. Obviously, just this time
interval is a key one for the determination of further
cell fate, although molecular and physiological mech�
anisms and signals underlying these processes and
determining the cell fate are not well clear until now.
We demonstrated that the efficiency of the oligosac�
charin isolated by us was higher in both segments of
buckwheat hypocotyls and explants from tobacco
leaves when it was applied just in this period before
IAA. This means that this effector participates in the
early stages of root formation before the point when the
process would be triggered by the hormone, i.e., evi�
dently still before cell asymmetric division, which is
considered as the first visible event induced by auxin
during rhizogenesis [1, 2].

Experiments with explants from the leaves of
transgenic tobacco allowed revealing the cell
responses on the stages before visible root appear�
ance. According to Altmura et al. [25], who studied
the expression of rolB�GUS gene in transgenic
tobacco plants, the rolB promoter was activated in the
initial cells competent to the formation of new organs
and the phases of increased and decreased GUS
activity reflect different states of these cells. It is
believed than the enhancement of rolB�GUS gene
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Fig. 3. Stages of root formation and GUS activity in the
segments of transgenic (rolB�GUS) tobacco hypocotyls. 
(a) Dynamics of GUS activity; (b) types of cellular struc�
tures in explant tissues during root development (125X mag�
nification); (c) shares of different cellular structures appear�
ing during definite periods of explant culture expressed in
percents of their total number. Roman figures correspond to
Fig. 3b. IAA concentration is 0.5 µM.
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expression occurs in the primordia of lateral organs,
starting from the appearance of initial cells, which is
reflected in enzyme activation. When the pattern of
the further organ is ready, the expression of the
rolB�GUS gene ceases and GUS activity reduces. Ini�
tial cells are essentially absent at this stage. Subse�
quently, the developing organ starts to initiate its own
initials, the expression of rolB�GUS is resumed, and
GUS activity increases again [26]. This can explain
the rise and fall of GUS activity observed by us at
explant incubation on medium with 3 μM IAA
(Fig. 2), when the first peak of GUS activity with the
maximum at the third day of culture reflects the initi�
ation and early stages of rhizogenesis, whereas the
second peak is related to the appearance of already
almost completely developed adventitious roots, as it
was demonstrated in histological examinations of
tobacco hypocotyls (Fig. 3). Since the position and
amplitude of the second peak at oligosaccharin action
are not changed, it confirms once more that its effect
is limited to the early stages of root development, and,
in all probability, is associated with an increase in the
number of initial cells, because treatment with the
oligosaccharin caused a steady increase in the number
of roots.

If the relationship between changes in enzyme
activity and the stages of root development is clear, the
question of what mechanisms underlie this process
and the interaction between the oligosaccharin and
IAA remains open. Auxin plays a key role in the regu�
lation of rolB promoter activity in tobacco plants and,
according to the opinion of some researchers [11, 25],
positive or negative effect of treatment with auxin in
different tissues can reflect a difference in the cell sen�
sitivity to the hormone. Thus, a shift of the enzyme
activity peak under the influence of the short�term
treatment with OS�RG, which we observed in our
experiments (Fig. 2), can be associated with auxin
redistribution and the formation of its gradient, which,
in the opinion of some researchers, triggers the first
asymmetric division and subsequent events related to
the root development [1, 2] or the interaction of two
effectors occurs at the level of auxin perception and
oligosaccharin sensibilized auxin receptors. May be
this is the reason why oligosaccharin was quite ineffec�
tive at its addition after the hormone in comparison
with short�term pretreatment.

The data obtained indicate that endogenous oli�
gosaccharin OS�RG isolated from pea seedlings is
active during the early stages of root formation and is
involved in the signaling pathway of rhizogenesis reg�
ulation triggered and controlled by auxin. Its effect
was manifested in different model systems. Oligosac�
charin�induced stimulation of rhizogenesis was
observed on explants prepared from tissues of dicoty�
ledonous plants belonging to different orders:
Solanales (tobacco) and Caryophyllales (buckwheat).
Experiments were performed on explants of different
types: leaf explants of tobacco and segments of buck�

wheat hypocotyls, and this indicates a similarity in the
responses to OS�RG of different initial cells, because
adventitious roots are formed on leaf explants from
the cells located near the veins, similar to procambial
ones [16], whereas adventitious roots developing on
hypocotyls arise probably from the pericycle cells [17].
This indicates a universal nature of oligosaccharin
participation in the cell processes occurring during
the development of adventitious roots.
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