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Studies on tobacco mosaic virus synthesis
in apical parts of tomato roots

L. WAJDA

Plant Virus Laboratory, Institute of Plant Physiology
of the Polish Academy of Sciences, Cracow, Poland

The problem of virus distribution within the meristematic zone both in the
roots and shoots, has been since a long time the subject of extensive investigations.
The results of experiments of many authors revealed that meristematic tissues
were free of viruses [12, 13, 20, 25, 27]. As yet no virus has been detected in grow-
ing-points either in the roots or in shoots of infected plants. This statement made
basis for the method of curing some plants from virus infections on the way of
cultivating their excised meristems on nutrient solution.

Many authors obtained healthy plants from excised apical parts of stem meris-
tems originating from infected plants [9-11, 14-16, 23, 24]. Till now quite a number
of investigations were carried out aiming to liberate infected plants or tissues from
the virus by means of cultivating their excised meristems, or by use of various
chemicals inhibiting multiplication of the virus [2,17, 19]. On the other hand,
there were only few attempts to infect maristematic tissues with the view to elucidate
the mechanism of their infection. The defense mechanism as well as the physiological
state of these tissues which prevent infection are as yet unknown.

It results from the hitherto investigations that there are substances which could
cause some changes in the meristematic tissues so as to make them susceptible
to infection, namely ethylenediaminetetraacetic acid (EDTA) [6] and 5-fluoro-
deoxyuridine (FUDR) [7].

The purpose of the present work was to test the influence of the two above
mentioned chemicals both on the multiplication of viruses in root meristems and
on cytological and histological changes occuring in healthy tissues treated with
the same compounds. It should be emphasized that roots are a particularly good
material for cytological investigations concerning multiplication of virus because
they do not contain chloroplast, and their cells are rich in cytoplasm. They are
also suitable for tests on the influence of various chemicals because they can be
tested in immediate contact with the examined compuonds.

Experiments were carried out according to the previously described method [26].
Tomato plants were germinated in moist sand in sterile conditions. When the first
leaves appeared, plants were transferred to glass jars containing 200 ml of nutrient
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solution prepared according to Hewitt [8]. In the stage of three leaves they were
transferred to a similar nutrient solution containing either ethyleno-diamino-tetra-
acetic acid (EDTA) in concentration 6.4 X 10~* M or 5-fluorodeoxyuridine (FUDR)
in concentration 7.6 < 10~* M. On the next day leaves of these plants were infected
with a purified suspension of tobacco mosaic virus. The concentration of the inoculum
was 0.0019%,. Inoculations was always made on all three or four leaves. Plants in-
fected with TMV simultaneously, but cultivated on nutrient solution without chemi-
cals were used as a control. |

To establish the presence or absence of tobacco mosaic virus in roots they
were removed from plants on the 10th to 13th day following inoculation. The root
tips ca 1 mm long were collected together and from each cathegory 12-15 roots
were homogenized together in 0.7 ml of phosphate buffer pH = 7. Then each
homogenate was used to infect five whole leaves of tests plants. The number of
local lesions appearing on the 3rd day following inoculation on leaves of test plants
was taken as a measure of the virus concentration in examined roots. Results of
these experiments are presented in Table 1.

Table 1
Total number of local lesions per 5 leaves of N. glutinosa infected
with roots of tomato plants cultivated on different nutrient solution

Nutrient solution

without with EDTA with FUDR
chemicals 6.4x10-*M 7.6xX10-°M
0 43 52

In other experiments each root was divided into small sections about 1 mm
long and homogenized individually on a glass slide in 0.3 ml of phosphate buffer
at pH = 7 and used for inoculation on two halves of different leaves of Nicotiana
glutinosa. The results of these experiments are presented in Fig. 1.
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In order to precise the localization of TMV in the first fragments about 1 mm
long, the apical parts of tomato roots were cut into 5 fragments each 0.2 mm thick.
These fragments were inoculated individually onto the leaves of Nicotiana glutinosa
using the previously described method. The obtained results are presented in Fig. 2.

The obtained results show that EDTA like FUDR enabled replication of TMV
in tomato root tips treated with these compounds (Fig. 1). The concentration of
virus in treated roots was significantly higher than in control ones. It should be
emphasized that results vary in dependence on the inoculation procedure. When
test plants were inoculated with several root tips the tobacco mosaic virus was
detectable in the first milimeter of roots. On the other hand in experiments in which
test plants were inoculated with single root fragments TMV was detectable at the
distance of 0.4-0.6 mm from the root tip. These results correspond with those
obtained by Brants et al. [4] Smith and Schlegel [21] and Wajda [26].

In connection with obvious differences in the localization of TMYV in the roots
of untreated plants and of those treated with these compounds, examination of
the mitotic index seemed advisable. Parallel cytological and histological obser-
vations were carried out on successive microtome sections of the apical parts
of these roots. The obtained results show that the EDTA as well as 5-fluorode-
oxyuridine reduces considerably the mitotic activity both in the healthy roots as
well as in those infected with TMV (Fig. 3).
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Fig. 3. Frequency of mitoses in the root tips of tomato plants treated with EDTA, FUDR
and in control. 7 —FUDR, 2 — EDTA, 3 — control.

It may be inferred from the detailed cytological examination of these roots,
that EDTA inhibits the interphase nuclei entering prophase. It appears that it has
not only a preprophasic effect [26] but acts on chromosomes in further stages of
mitosis (Fig. 4 A-F). Ethylenediaminotetraacetic acid could cause sticky chromo-
somes, bridges in anaphases (Fig. 4 C-D) and telophases (Fig. 4 E-F) as well as
disturbs a correct congression of chromosomes in the metaphases plates (Fig. 4 4-B).
Disturbances observed in the course of mitosis manifested in the histological struc-
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Fig. 4. Disturbances in mitoses after EDTA treatment. A—B — disturbances in chromo-
some congresion, C—D — bridges in anaphases caused by sticky chromosomes, E—F —
bridges in telophases. Lagging chromosomes.

ture of these roots; namely those treated with EDTA, have a considerable shorte-
ned division zone (Fig. 2 B). In control roots it is ca, | mm long from the root tip
but in those treated with EDTA it is only 0.4-0.6 mm long (Figs 24 and 2B).
Immediately behind this zone where innumerous divisions took place there is the
zone of elongated cells. It results from the presented data that the length of the
division zone, both in treated as well as in untreated roots, corresponds with high
accuracy with the length of the virus free zone of these roots. It seems that there
exists a correlation between the length of the division zone and the distance to
which the virus could penetrate the meristematic tissue of the root tip. It semms
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also that virus can-not enter those cells which undergo divisions, but can multiply
there where the cells reach a high degree of differentiation.

It is known that FUDR causes not only a decrease of mitotic activity in roots
of treated plants [1, 22, 28] but also inhibits the synthesis of Vaccinia virus in HeLa
cells [18] as well as the production of bacteriophages in E. coli [5]. It exerts, however,
only a limited influence on multiplication of TMV in excised disks of tobacco
leaves. On the other hand, in the meristematic tissues of roots this compound like
EDTA is able to increase considerable the concentration of TMV. Both these
compounds, one of which is a chelate and the other fluorinated analoque of pirimi-
dine exert similar effects on meristematic tissues. It seems however, that mecha-
nisms of these actions are different.
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