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THE EFFECT OF X RAYS ON ROOT MERISTEM
OF BROAD BEAN (VICIA FABA)

. THE RELATIVE AMOUNT OF NUCLEAR DNA AFTER
IRRADIATION

BY
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Broad bean (Vicia faba) root meristem of 5-day-old seedling was irradiated with
X rays in the following doses : 50, 100, 150, 200, 300 and 500 R. The relative
amount of DNA was measured by cytophotometrical techniques using the Feul-
gen reaction. The double wave-length method was used. The results show a slight
increase of the DNA amount at 50 R, after 24 and 48 hours. At 100, 150 and.
200 R, the relative amount of DNA per nucleus decreased in exponential manner.
At 300 and 500 R, the amount of nuclear DNA increased again. This increase may
be related to the formation of new meristemic cells from the «quiescent zone”

of the root.

The relationship between the DNA amount per nucleus, the synthesis

i DNA and the changes of cellular cycle after ionizing radiation is known
17, [9], [13]. The research carried out so far has proved that ionizing
~.diations (X and gamma rays) inhibit the DNA synthesis within the
_cleus and causes the retardation of cell division, thus changing the dura-
on of cell eycle.

The researches on the DNA synthesis were usually made with tritiate
‘hymidine. However, some old and new investigations [7], [9], [10] proved
nat Feulgen reaction may also be used for the nuclear DNA amount
~timation after ionizing radiation.

Our investigations deal with the variations of nuclear DNA content
-ithin the root meristem of broad bean (Vicia faba ) after X-ray irradia-
-on. The amount of DNA was measured by cytophotometry of Feulgen

reaction.
MATERIAL AND METHODS

The seeds of broad bean (Victa faba) were soaked for 24 hours, in
-ap water. They were germinated on moistened filter paper, on Linhardt
iishes. When the primary root was 2—3 cm in length, i.e. b day old, the
-0ot tops were irradiated with the following doses : 50, 100, 150, 200, 300
.nd 500 R. The irradiation was performed with the therapeutical apparatus
TUR I, 180 kv, 10 mA, 1 Cu, CD, DFO-40 cm.

After 24 and 48 hours of irradiation, the meristemic zone of the root
+as fixed in Carnoy fluid for 24 hours. After fixation, the plant majterial
was washed for 24 hours in continuous running water.
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The hydrolysis was made at room temperature (18—20°C) wiih
5 N HCl; the hydrochloric acid was removed by washing the plant nia-
terial thrice with distilled water for 10—15 minutes each time. The staining
lasted for 2!/, hours at dark in Schiff reagent. After staining, the root top
was squashed on a microscopic slide of 0.6 — 0.8 mm thickness.

The relative amount of DN A per nucleus was expressed in arbitrary
units. The measurements were performed at Leitz Ortholux Cytophotc-
meter MPE, using the double-wave-length method according to Patau
[15], Ornstein [14] and Mendelsohn [11]. We used 500 and 479 nm as
pair wave-lengths.

The obtained data were stat 1stlcally reckoned involving the arithme-
tical mean, standard deviation and significance of the difference between
various data according to Student parameter.

In some cases, histograms analyses after various doses of irradiatice

were made.

RESULTS AND DISCUSSIONS

The results of our investigations are shown in Figs. 1—5. Figures 1
and 2 show the effect of X-ray irradiation in various deses on nuclear DNA
amount within meristemic cells of broad bezn root, after 24 and 48 hours
of irradiation. The data are given separately for 3 kinds of nuclei: a) pro-
phase nuciei, b ) telophase nuclei (corres-
ponding to the end of cell divirion) and
¢ ) interphase nuclei. It was proved that
the smallest doses of irradiation, i.e. 50
R, caused a slight increase of the rela-
tive amount of DNA. This increase is
T sometimes significantly different from

the centrol, and probably it is due to
some perturbation induced by irradia-
: tion. We tried to calculate the probabi-

_ lity of DNA synthesis inactivation using
\L/f the formula : W(D) = 1—N/N, in which
| 2 W(D) is the probability of DNA syn-

: thesis inactivation depending on the ap-

plied doses, N is therelative amount of

100

SO

—= PROPSAST N DNA after irradiation and N, is the
CELL Di:SION relative amount of DNA in the control
T TELOP=ASE [8]. The result suggests that no inacti-

vation of DNA synthesis occurred at
50 R, the probability of inactivation
[ L , being close to zero.
X RAY DOSES 1N RCENTGEN mount of DNA per nucleus decreascd
. . according to a dose-effect curve and the
f;g'xlfa; T)ge ?ﬁzwn olf various dtosei decrease of values may be related to a
- nuclear amount o s 1T - 1 . o e
DNA within root meristemic cells of L gative exponential curve d'Cqudlng. o
the formula : N = N, . e —o<.D in which

broad bean (Vicia faba) after 21-hour i g |
irradiation. N, is the relative DNA amount in the

e—=2 [NT-RPHLSE N

AMOUNT OF DNA IN ARBITRARY UNITS
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ontrol, N is the relative DNA amount in the irradiated material, I are
‘ne applied doses, —a is the probahility of hitting the ‘“target”’, and e is
*he base of natural logarithms (2.71828).

Quite unexpectedly, at 300 and 500 R, both after 24 hours and 48
rours of irradiation, the relative amount of DNA increased again. It
#as mainly at 500 R that the relative amount of DNA reached the values
of the control. This result suggests that something had happend within
‘he broad bean meristemic cells. We notice (unpublished data) that such
an increase of the DNA amount per nucleus has never occurred when the
dried seeds were irradiated. The only possible explanation for this increase
i« given by Clowes’ data [2], [3], [4], [5], [6] concerning the role of the
~o-called ‘‘quiescent centre’’ in the renewing of the active cells of the
root meristem, damaged or destroved by irradiation. We think that after
irradiation, at 300 and 500 R, most cells from our squash belonged to
former quiescent zone cells. However, the nuclei of these cells are not
normal because their volumes show continuous incicase, depending on
the applied doses (Fig. 3). The histograms in Figs 4 and 5 explain tlis
increase of the nuclear volt wre by the increase of chromoscme nun her and
tetraploidy. Therefore, the cells from the quiescent zone have ~uff rod
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some damage or influence caused by irradiation. They did not show
crease of the relative DNA amount, but a significant lowering of the nut
index, an increase of chromosomal aberrations or retardation of cell
sion. As a first reaction to irradiation, they increased the amount of I)

[5].
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Fig. 4. — Histograms of DNA distribution at several doses of irradiation by
X-ray, after 24 hour irradiation.
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CONCLUSIONS

1. The Feulgen reaction may be used as a measure for radiation oa
the nuclear DNA.

2. The variation of nuclear amount of DNA after irradiation in living
plant material is very complex.

3. The smallest dose applied by us lead to a slight increase of the
DNA amount, but this is probably not a real stimulation.

4. The doses between 100 and 200 R caused a decrease of the DN A
amount per nucleus.

5. The increase of the DNA amount per nucleus at 300 and 500 R is
probably due to the renewing of meristemic cells by the quiescent zone
of the root.

REFERENCES ‘

Baco Z. M. and ALexanper P., Fundamental of radiobiology, Pergamon Press, O\fod
London— New York, — Paris, 1961. |

CLowes F.A.L., Ann. Bot., 1963, 27, 343—332.

—  New Phytol,, 1965, 64, 355—359.
— New Phytol., 1970, 69, 1—18.

— The control of cell proliferation within root meristems, in : M. W. MILLER anf
Cu. C. KuenNert, The dynamics of meristem cell populations, Plenum Publishing
Corporation, New York, 1972, 133—147.

Crowes F.A.L. and HarL E. J., Radiat. Bot., 1962, 3, 45— 53.

. Hamipov D. H., Hakimov P. A. i Suaikov P. T. Radiobiologya, 1973, 13, 830—833.

Huc O. und KELLERER A. M., Stochastik der Strahlenwirkung, Springer Verlag, Berlin <
Heidelberg— New York, 1966.

9. Kirpricanikova E. S., SHarmro N. L., BEritsiNa N. V. Ov’suevskavA L. V., Zhurnal obs®

chei biologhii, 1956, 17, 340— 354.

10. Krupnova G. F. i Zuestyaxvakov V. D., Tsitologiya, 1977, 19, 985—990.

11. MenpELsoHN M. L., J. Biophys. Biochem. Cytol., 1958, 4, 415—424.

12, MircuisoN J. M., The biology of the cell cycle, Cambridge University Press, Cambridge, 1%~

13. Oxapa S., Radiation Biochemistry, vol. 1, Cells, Academic Press, New York — London, 197

14. OrnsTEIN L., Lab. Invest., 1952, 1, 250—262. .

-

15. Patauv K., Chromosoma, 1952, 5, 341—362.

[y

NN IC K

S~ 22

Received January 19, 1978 Centre for Biological Sciences
Str. Republicii 48
Cluj-Napoca,




