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INTRODUCTION

Methodology for radiation dose assessment based on chromosomal damage to plant cells has no yet been
established, although root meristems have been the pioneer cytogenetic materials and profound analyses
of irradiated meristematic cells of horse bean (Viciafaba L.) (1) had been performed. Onion (Allium cepa
L.) root tips frequently used for radiation cytogenetic studies (2), are recently considered to be one of the
most promising plant test system for the detection of genotoxic environmental pollutants (3). We studied
the possibility of using cytogenetic analyses of irradiated onion cells to determine the effective biological
dose of ionizing radiation.

The dose-effect relationships for chromosomal damages to onion meristematic cells were established after
plants had been irradiated and subsequently grown in both laboratory and field conditions.

MATERIAL AND METHODS

Onions were irradiated with ^Co gamma rays in two sets of experimental plants. In the first, 10 equally
sized onion bulbs were placed in tap water for rooting at a room temperature of about 20 °C. The water was
changed daily. 2-3 cm long roots were irradiated with 1 Gy, 3 Gy, 5 Gy or 8 Gy at a dose rate of 1.6
Gy/min. Samples for cytogenetic analyses were taken at intervals of 6, 12,24, 30,48, 54,72 and 78 hours
after each irradiation. In the second series, groups of 10 dormant onions bulbs were irradiated with 10 Gy,
20 Gy or 30 Gy at a dose rate of 1.8 Gy/min. Roots for cytogenetic analyses were sampled 6, 8, 11, 15 and
20 days after the irradiated bulbs were planted in clay pots and grown in field conditions.

Squash-slides of onion root tips were prepared for cytogenetic analyses using standard methods: fixation
in 3:1 ethanol-acetic acid, hydrolysis in 3N HCL at 60 °C for 3 minutes, staining by the Feulgen method,
and maceration in aceto-carmine. In each sample, the mitotic indices (MI), frequency of chromosomally
aberrant cells (AC) in the anaphase and early telophase, as well as the frequency of interphase cells with
micronuclei (MN) were determined. The average MI and MN values were obtained from the analyses of
5-6 slides (500-2000 cells per slide) for each experimental group and time of sampling. Generally 100
anaphases and 50 telophases were analyzed from each of the two slides of an experimental group and time
of sampling.

RESULTS

In the controls, MI had a more or less constant value of 6.0-7.7%. But in irradiated root tips the average
MI value indicated a dose dependent mitotic delay. After irradiation with 1 or 3 Gy, MI values did not
significantly differ from the controls till 78 hours after treatment, while after irradiation with 5 or 8 Gy, MI
values decreased with the increasing doses and prolonged sampling intervals (Fig. 1).

The control samples had the low rate of 0.3-0.4% of aberrant cells in the anaphase and early telophase. In
irradiated roots, the highest AC values were recorded 6 hours after irradiation. All AC were to be dose
dependent except those analyzed after 30 hours (Fig. 2).
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Fig. I: Laboratory: Percentage of mitotic indices (MI) in irradiated onion tip meristems compared to the
controls.
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Fig. 2: Laboratory: Percentage of chromosomally aberrant cells (AC) in irradiated onion tip meristems
compared to the controls.
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Fig. 3: Laboratory: Percentage of interphase cells with micronuclei (MN) in irradiated onion tip meristems
compared to the controls.
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In control plants, cells with micronuclei were present in very low frequencies (0.01-0.02%). Their
occurrence increased with time after irradiation and were also dose-dependent (Fig. 3).

In field conditions, MI values in control plants were 7.6-9.4% in all sampling intervals, while the average
MI value in onions irradiated with doses higher than 10 Gy decreased with the dose and longer sampling
interval. Dose of 20 Gy or 30 Gy led to a complete mitotic blockade in 15 days in all samples analyzed
(Fig. 4).
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Fig. 4: Field conditions: Percentage of mitotic indices (MI) in root tip meristems of irradiated onoion bulbs
compared to the controls.

In field conditions, in control plants no more than 1% of AC in the anaphase and early telophase were
observed during the 20 day growth period. In irradiated onions, the highest AC values were recorded in the
first 10 days and were dose-dependent. With 10 Gy AC tended to decrease with time after irradiation (Fig.
5).
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Fig. 5: Field conditions: Percentage of chromosomally aberrant cells (AC) in root tip meristems of irradiated
onoion bulbs compared to the controls.
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In field conditions, control plants had only 0.03% cells with micronuclei. In irradiated samples, the MN
frequency increased with the radiation dose; the maximum was found after 10 days of growth but, at 10
Gy also decreased later in time (Fig. 6).
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Fig. 6: Field conditions: Percentage of interphase cells with micronuclei (MN) in root tip meristems of
irradiated onoion bulbs compared to the controls.

CONCLUSION

Experimental irradiation of onion plants and the results of subsequent cytogenetic analyses of their
meristematic root tip cells indicate that MI, AC, and MN were dose dependent. But chromosomal damage
to onion cells showed no obvious dose dependency and is statistically not significant enough to be used as
a biological dosimeter of absorbed radiation doses studied.
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