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The aim of the study was to investigate whether the values of the electric potential of the callus surface are related to
its histological structure already in the early stages of induction. The electric potential was measured at the tempera-
ture 20°C using standard microelectrode technique. Calli were fixed, embedded in histoplast, cut into {0pum sections
and stained with standard PAS method combined with Heidenhein's haematoxylin. Observations were done by light
microscopy and histological structure of sections was studied. The examined calli showed variable structure. Tissues
were classified distinguishing several tissue types, three types of parenchyma and 5 types of meristematic cells. Callus
containing only parenchyma showed small changes in the electric potential, from 0 to -3 mV. The appearance of mer-
istematic structures near the surface was connected with more negative potentials, from -10 to -20 mV, The greatest
changes in the potential occurred in calli containing about 20% of this type of tissue. The surface potential of the calli
containing meristematic areas deep inside was only about 3 mV lower then that of the parenchyma. It was probably
the shielding effect of the surface coat of nondividing cells. The relations between the callus structurc and the changes
of the potential on its surface show that the electric potential may inform about the structure of the callus tissue. In the
paper the probable values of electric potentials, characteristic for the particular tissue types, have been also presented,

INTRODUCTION

Cells of the callus tissue in the microscopic image
are defined as a group of heterogenous cells
(Sutron-Jones & Street, 1968; Thomas, Konar &
Street, 1972) of various embryogenic potential
(Nadel, Altman & Ziv, 1990). Electric potential
measured on the callus surface may supply inter-
esting information about the structure of the tissue.
Goldsworthy and Lago (1992) have found, for ex-
ample in tobacco and carrot, that the changes in the
potential measured using electrodes placed in con-
tact with callus surface may be interpreted as
changes accompanying the organo- and embryo-
genesis process. Filek et al. (Filek, Pazurkiewicz-
Kocot, Dubert, Marcifiska & Biesaga-Koscielniak,
1993) have shown also that the measurement of the
surface potential of the differentiating callus tissue
of wheat may supply early information about the
differentiation paths of its cells. The membrane
potential may be in a similar way associated with
the heterogenous character of cells in the cultures
in vitro. Greater and smaller cells of a suspension
culture of tobacco were characterized by different
membrane potentials (Takeda, Abe, Morikowa &
Senda, 1983).

The aim of the present study was to investigate
whether the values of the electric potential of the

callus surface are related to its histological struc-
ture already in the early stages of induction (prior
to the appearance of macroscopically visitle dif-
ferentiation centres). Attempt has been also made
to establish whether they depend on the type of the
parent tissue of the callus. The measurements were
conducted on calli obtained from different explants
of a spring variety of wheat, cv. Jara, in the course
of culture of short duration.

MATERIAL AND METHODS

6 week old plants of a spring variety of wheat, cv
Jara, grown in a glasshouse, were used in the ex-
periment. Apical parts of plant stems with imma-
ture inflorescences of about 5 to 10 mm in length
were collected, sterilised in 60% ethanol (1 min.)
and 10% solution of commercial bleach Domestos
(20 min.) and rinsed with sterile water. Immature
inflorescences, basal parts of the youngest leaves
and the youngest nodes were isolated, sliced into 1-
2 mm fragments and placed on MS medium
(Murashige & Skoog, 1962) supplemented with 2
mg-dm? 2,4-D. The callus was grown for 5 weeks
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Figs 1-4. Light micrograph of wheat calli sections. Bar = 100um. (1) A very loose parenchymatic tissue, (2-4) Three different
types of the peripheral tissue zonation. For explanation of symbols see Table 1.
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Fig. 5-8. Light micrographs of wheat calli sections. Bar = 100um. (5-6) Meristematic activity close to the surface of calli. (5)
A small cluster of meristemetic cells, (6) A broad meristematic area, (7) A small meristematic centre surrounded with pa-
renchyma. (8) A root-like structure close to the tissue periphery. For explanation of symbols sec Table 1.
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Table 1. Characteristics of the particular histological types found in the examined calli of wheat.

Tissue type Symbol

Description

Parenchyma Pl very loose tissue, large intracellular spaces, highly vacuolated and partly degenerated
cells (Figs 1 and 2)
P2 loose tissue with large vacuolated cells (Figs 2-5 and 7)
P3 relatively compact parenchyma built of smaller cells with bigger nuclei, frequent starch
grains (Figs 4-6).
Meristems Cl less than 10 layers of parenchyma of type P2 or P3 covers the cambium-like layer
(Fig. 4).
c2 thick parenchyma coat, exceeding 10 cell layers, often including type P1 covers the cam-
bium-like layer (Figs 2 and 3).
M Groups of meristematic cells placed close to the surface (Figs 5 and 6). It usually formed
shoot-like apical meristems.
MC Small meristematic centers surrounded with parenchyma (Fig. 7).
R Meristematic centers resemble root tips. They were probably an early manifestation of an

induction of adventitious roots in the calli (Fig. 8).

Table 2. Quantitative analysis of the histological composition of the examined calli; numbers denote the percentge of
the analysed sections in which the presence of a definite type of tissue was observed (description of the particular

types of tissue is given in Table I).

No. of callus Tissue type (%6)
Pl P2 P3 Cl C2 M MC R
1 100 47 - — — — — —
2 75 30 — — — — — -
3 100 77 40 — — — -— s
4 100 50 10 — — — — —
5 100 87 30 — = —_ 7 —
6 100 100 67 67 — — e —
7 100 70 70 13 50 — —_ —
8 80 100 90 10 33 — 33 29
9 100 92 39 6 — — 31 6
10 85 57 27 7 8 12 — —
3 100 51 56 39 4 10 1 —
12 100 30 50 33 — 37 — —
13 27 100 30 - — 40 33 17
14 17 100 30 47 —* 20 13 —
15 47 100 20 83 — 23 — —
Table 3. Changes in the surface potential of the examined calli; Numbers in the table denote the percentage share of

areas of a definite range of potential in relation to the whole surface area of the callus.

No. of callus

Electric potential (mV)

>-1 -1t0-3 -3 to-5 —5to-7 —Jto-10 ~10to-15 -15t0-20
I 70 30 - - - = -
2 60 40 - - - = -
3 60 40 = - = i =
4 60 40 - = = = -
5 60 40 - = N = -
6 10 20 70 - - #r -
7 10 15 65 10 = t =
8 ‘10 15 65 10 = 7 =
9 10 20 40 20 10 - =
10 10 10 20 20 20 20 -
11 10 10 30 30 10 10 -
12 10 10 10 10 20 30 =
13 5 5 10 - 10 50 20
14 5 5 = 40 - 40 10
15 5 10 = 70 - = 15
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Fig. 9. The estimated changes of the electric potential of
the callus surface in relation to the particular tissue

types.

at the temperature 25°C in continuous light 4 W
m>s" (PAR). Starting from the first week of cul-
ture, electrical measurements and histological ob-
servations were carried out at intervals of 7 days.
In general 160 individual callus tissues were ana-
lyzed.

Electrophysiological measurements of the sur-
face potential (£s) as well as microscopic observa-
tion of the differentiation of callus were started af-
ter one week of the growth of callus and were re-
peated every week. The electric potential was
measured at 20°C using standard microelectrode
technique (Abe, Takeda & Senda, 1980; Takeda et
al., 1983). The callus was put on the layer of the
APW solution (0.1 mM KCI, 0.1 mM NacCl, 0.2
mM CaCl,). The Ag/AgCl measuring microelec-
trode filled with 3 M KCI and connected to an am-
plifier of input resistance greater than 10'° Ohm
was fixed in the micromanipulator and moved over
the callus surface while the reference electrode re-
mained immersed in APW. Each measurement was
repeated ten times on separate tissues.

HISTOLOGICAL EXAMINATION

Calli were fixed in acetic acid (100 %): absolute
ethanol (1:3) for 24 hours then preserved in 70 %
ethanol. Samples were washed in a graded series of

ethanol and finally embedded in histoplast, (Serva,
kat No 24895). Microtome sections were stained
with standard PAS method (OBrien & Mc Cully,
1981) combined with Heidenheiden's haematoxylin
(Gerlach, 1969). Observations were done by light
microscopy. Pictures were taken by Nikon Op-
tiphot-2 with UFDX Microflex attachment.

From each callus 30 to more than 100 sections,
10 pm thick, were obtained. Histologocal structure
was studied in detail in every 5th section.

RESULTS AND DISCUSSION

The examined calli showed variable structure. We
found spongy and poorly organised tissue along
with compact calli. The latter were usually differ-
entiated into parenchyma and meristematic regions.
For practical reason we classified tissues distin-
guishing several tissue types listed in Table 1.

The type of explant did not affect the histological
image of the analysed calli, probably on an account
of the fact that the investigations were conducted at
the early stage after induction.

Parenchyma was the most frequent tissue. We
distinguished three types of parenchyma: P1, P2
and P3 (Table 1, Fig 1-5). Meristematic activity
had various intensity and character. Cambium-like
layers (C1 and C2) of dividing cells were found
frequently (Table 1, Fig 2-4). Mostly they were
hidden deep inside the callus and were covered
with several layers of parenchyma and degenerat-
ing spongy tissue (Fig 2-3). Meristematic tissue (M
and MC) was also present in the form of shoot-like
meristems and small meristematic centers (Table 1,
Fig.6 and 7), some of them resembling root tips (R,
Fig 8).

Every 5™ section was analyzed with respect to
the tissue type distinguished in it. This way we de-
noted the presence of the particular tissue type
along the one axis of each callus with intervals of
50 um. From among 160 examined calli, 15 most
characteristic ones, are shown in Table 2. The
value 100% indicates that the given type of tissue
occurred in each of the analyzed slice of the ex-
amined callus. Some calli were built exclusively of
P1 and P2 type of tissue (Tab. 2, calli 1-4), while
in others frequent occurrence of various kinds of
meristematic structures was also observed.

The characteristics of calli with respect to the
differentiation of the range of electric surface po-
tential on their surfaces was obtained by establish-
ing 7 intervals of the potential values and deter-
mining their percentage share (Table 3). Similarly
as before, great differentiation in the examined tis-
sues was observed; some of them were built up
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mostly of areas with the potential ranging from 0 to
—1 mV; there were also tissues in which more than
half of the surface area showed the potential from —
10 to -20 mV.

A combined analysis of histological examination
and electric potential allowed to establish the ex-
istence of a relationship between the electric po-
tential and the presence of various histological
types. The average values of electric potential ex-
hibited by particular tissue types were counted as
weighted averages of potential measured on the
surface of each callus. The frequencies of tissue
were used as weights. Callus containing only pa-
renchyma (Nos 1 —4) showed small changes in the
electric potential,from 0 to -3 mV. The appearance
of meristematic structures near the surface
(especially type M) was connected with more
negative potentials, from -10 to 20 mV (Nos 10 —
15). The greatest changes in the potential occurred
in calli containing about 20% of this type of tissue
(Nos 14, 15). Cells of M type may show similarity
to the shoot apical meristem cells, observed by
Goldsworthy and Lago (1992), which were char-
acterized by similar potential values.

Although the calli Nos 6 — 8 contained the mer-
istematic tissue of C type lying deep inside, yet
their potential was only by about 3 mV lower than
that of parenchyma. The layer of parenchyma cells
of nearly zero potential probably shielded the dif-
ferentiating cells, lying deep inside.

For similar reasons, the influence of root meris-
tematic tissue (R, callus No 8) on the electric po-
tential of the callus may not be revealed, although
small changes in the surface potential preceding
lateral root emergence have been reported by Ha-
mada et al. (Hamada, Ezaki, Hayashi, Toko &
Yamafuji, 1992).

The presented relations between the callus
structure and the changes of the potential on its
surface show that the electric potential may inform,
at least to some extent, about the structure of the
callus tissue, irrespective of its origin. Fig. 9 shows
the probable values of electric potentials, charac-
teristic for the particular tissue types, obtained as a
result of a combined analysis of Tables 2 and 3.
Plans for further investigations should include the
determination of the physiological basis of the ob-
served relations.
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