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Tradescantia bioassay for X-ray mutagenesis

Pollen mother cells of Tradescantia
clone 4430 and Tradescantia pallida var.
purpurea are equally sensitive to the
clastogenic effects of X-rays
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Abstract

The Tradescantia micronucleus test is a sensitive bioassay for mu-
tagenesis that may be employed both under field and laboratory
conditions. This test has been standardized mostly on the basis of the
results obtained with clone 4430. However, this clone is not well
adapted to tropical weather, frequently showing problems with growth
and flowering. In addition, it is attacked by parasites and insects, a fact
that limits its use in field studies aiming at the biomonitoring of air
pollution. In the city of São Paulo, Tradescantia pallida (Rose) Hunt.
var. purpurea Boom is widely distributed as an ornamental plant in
gardens and along roadsides and streets, mostly because of its natural
resistance and its easy propagation. In this report, we present dose-
response curves indicating that the sensitivity of T. pallida and clone
4430 to X-radiation (1, 10, 25 and 50 cGy) is similar. The results
confirm our previous suggestion that T. pallida represents a good
alternative for in situ mutagenesis testing in tropical regions, espe-
cially biomonitoring studies in which the exposure conditions may not
be fully controllable.
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Plant bioassays are ideally suited to use
in short-term studies of mutagenesis both for
laboratory and in situ biomonitoring investi-
gations (1-8). In addition, because of their
low cost and high efficiency, they can be
used for the screening of selected environ-
ments such as the vicinity of stationary
sources of air pollution (2-4,7,8), traffic emis-
sions (6-8), as well as soils, waters, and
selected substances, requiring minimal pro-
cedures of chemical extraction and sample

manipulation (4-6).
Because of these characteristics, plant

mutagenesis bioassays play a special role in
the investigation of the harmful consequences
of pollution to human health, mainly in coun-
tries and regions experiencing a rapid in-
crease in environmental load as a result of
urbanization and industrialization. These re-
gions require, as a precautionary measure for
the environmental quality control and moni-
toring, rapid and cost effective evaluation of
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the impact of residues derived from indus-
trial and transportation processes.

Among the mutagenesis tests based on
plants, the Tradescantia micronucleus bio-
assay is considered to be, perhaps, the most
sensitive (2,5). Briefly, the test is based on
the visualization of segments of chromo-
somes as small round and dark structures
(micronuclei) in early tetrads of pollen mother
cells. The micronuclei represent the conse-
quence of defects occurring during chromo-
some meiotic replication of the pollen pro-
genitor cells. After exposure to mutagenic
agents, the frequency of micronucleus for-
mation increases and is expressed numeri-
cally, allowing the quantification of the de-
gree of chromosomal damage during meio-
sis.

Because of its high sensitivity, the Tra-
descantia micronucleus bioassay has been
employed extensively by our group to evalu-
ate the deleterious effects of air pollution in
São Paulo and to obtain a prognosis for risks
to human health (6,9). However, a limitation
we have been experiencing in our experi-
ments is the susceptibility of clone 4430 to
the hardships of tropical weather (high tem-
perature, humidity and rainfall), often mani-
festing as inhibition of growth and flower-
ing. Furthermore, when kept for prolonged
periods of time in the open environment,
Tradescantia clone 4430 is often heavily
attacked by parasites and insects, a fact lim-
iting its use in medium- to long-term bio-
monitoring studies under �real world� con-
ditions.

In order to develop an assay better suited
to the environmental and institutional condi-
tions commonly found in Brazil, we devoted
our attention to a plant of the same family
(Commelinaceae), Tradescantia pallida
(Rose) Hunt. var. purpurea Boom, which is
widely distributed in the streets and gardens
of São Paulo city. This species is tetraploid,
exhibits notable resistance to parasites and
insects, and is propagated quite easily. It
blooms all year and has very few growth

requirements, actually being extensively
grown as an ornamental in the city�s gardens
and squares.

On the basis of these considerations, we
explored the feasibility of the use of T. pallida
in pollution studies, with positive results (6-
8). In the present study, we compared the
dose-response relationships obtained when
Tradescantia clone 4430 and T. pallida were
exposed to radiation. We reasoned that such
approach could be of interest to determine
the relative sensitivity of the two plants in a
well-defined model of environmental injury
and thus help to justify the use of T. pallida
as an indicator plant for biomonitoring stud-
ies of mutagenesis.

Young inflorescences of both clone 4430
and T. pallida were obtained from a plant
nursery and kept in the laboratory for 24 h in
Hoagland�s solution before X-ray treatment.
Plants were assigned at random to groups
receiving different X-ray doses. X-Irradia-
tion was applied at the doses of 1, 10, 25 and
50 cGy by means of a therapeutic X-ray
device (Stabilipan-Siemens) operated at 250
kV, 15 mA, with a Thores 1 filter. After
treatment, the inflorescences were allowed
to recover for 24 h in Hoagland�s solution
and then fixed in 1:3 acetic acid/ethanol
solution for 24 h.

Inflorescences were dissected and young
anthers squashed in a solution of acetocar-
mine stain on a microslide (6). Only prepara-
tions containing early tetrads were consid-
ered. The number of micronuclei in 300
tetrads per slide was counted at 400X magni-
fication, and the results were reported in
terms of percentage (frequency of micronu-
clei). Micronuclei were counted on coded
slides, with the code being broken only after
the completion of the experiment.

Statistical analysis was done using the
SPSS v9.0 statistical software, and the sig-
nificance level was set at 5%. The signifi-
cance of the results was assessed by means
of a generalized linear model using dose and
type of plant as factors.
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The dose response curves are presented
in Figure 1. A significant effect of X-ray
dose was detected (P<0.001), but no differ-
ences between plant type (P = 0.246) or
interactions between X-ray dose and type of
plant (P = 0.362) were observed. The gener-
alized linear model fitted well the data (r2 =
0.457) with no evidence of significant devia-
tion from normality of the residues. The
values for the present study were quite simi-
lar to those reported in previous studies
(1,2,6).

Our results indicate that both species of
Tradescantia are equally sensitive to X-ray
treatment. Such findings reinforce the possi-
bility of using T. pallida in studies of envi-
ronmental mutagenicity. A detailed descrip-
tion of the methodology and review of the
literature regarding plant mutagenesis bioas-
says have been recently published in Portu-
guese (9-11). We believe that the validity of
the use of the more robust T. pallida as a

suitable experimental model indicated by
the present results may encourage other
groups to adopt this simple method for the
assessment of environmental genotoxicity,
mainly when sophisticated conditions of plant
cultivation are not available.
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Figure 1. Radiosensitivity of Tra-
descantia clone 4430 and T.
pallida. Data are reported as
means ± SEM as percent micro-
nuclei measured in early tetrads
of Tradescantia clone 4430
(open circles) and T. pallida (filled
circles), 24 h after treatment
with increasing doses of X-rays.
The number of individuals stud-
ied at each dose is given in pa-
rentheses.
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