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ABSTRACT

Flower buds of Cipure paludosa were irradiated at 1,000 r and 4,000 r and observations
from P.M.C.s were made after every 24 hours following irradiation, for 4 consecutive days.

The chromosome irregularities noted were lagging, non-disjunction, dicentric bridges, etc.

No significant distinetion in the aberrations has been noticed even after 96 hours, and also
with increase in dosage, suggesting that in this plant the resting pre-meiotic P.M.C.s are all
equally affected by irradiation.

The heteromorphic bivalents are affected most and the reason for this differential radio-
sensitivity has been discussed.

INTRODUCTION

Lately, considerable studies have been made on the effect of X-rays on
somatic tissues in plants (Hollaender 1954). These data, though important
from a fundamental standpoint, do not reveal the potentialities of these
aberrations to enter the germ cells. This is because most of the work has
been centred around root-tip tissue, which is not involved in the production of
germ cells.

Unfortunately, very little work has been carried out till now on the
X-ray effect on meiotic cells of plants excepting in species of Tradescantia
(Catcheside and Thoday 1946a, b; Bora 1955a, b). Cipura paludosa Aubl.,
a member of the Iridaceae, is rather interesting from a cytological stand-
point. Out of the six pairs of chromosomes constituting the diploid set, one
pair is extremely large and heteromorphic, the rest being in contrast very
small in size. It has therefore been thought as an ideal material for working
out the difference on susceptibility of the different sizes of chromosomes to
X-ray action. The present work was undertaken to work out the differential
response, if any, shown by the members of the same complement.

MATERIALS AND METHODS

Bulbs of Cipura paludosa Aubl. were obtained from the Chandra Nursery
in Sikkim. These were grown in pots in sand mixed with clay, being watered
at regular intervals and kept in the shade, since these plants cannot tolerate
high temnperature.
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These plants flowered in March. A number of them were carefully up-
rooted, and tied together in a bundle and kept moist by means of a wet cloth.
They were next placed with their inflorescences tied together under the tube
of the X-ray plant, so that all of them got equal chances of receiving the
X-rays.

Dosage for irradiation used in this experiment was $0 kV; 4 mA; no
filter was used; 10 cm. distance. This gave an output of 750 r per minute.
An exposure for 1 minute 20 seconds and 5 minutes 20 seconds gave a total
output of 1,000 » and 4,000 r respectively. The irradiated flower buds at-
tached to the bulbs were re-planted in the earthen pots and watered at regular
intervals. Observations were made from the P.M.C.s after every 24 hours for
4 days and the irregularities were noted and drawn.

PM.C.s were obtained from flower buds, following the usual aceto-
carmine smear technique for temporary preparations, the flower buds being
dipped in 1 per cent iron-alum solution prior to staining, since staining diffi-
culties were encountered.

For permanent preparations, flower buds were smeared on a clean, dry
glass slide, inverted in Navaschin’s A and B solutions (1 : 1), and the usual
schedule for Newton’s Crystal Violet-Iodine technique was followed.

All drawings were made using a Zeiss compensating eye-piece of x 20
in combination with a 1-3 apochromatic objective and a condenser of N.A.
1-4 at a table magnification of x 1,800 (approximately).

Chromosomes showing irregularities have only been filled up, the others
are drawn in outlines only.

OBSERVATIONS

The chromosomes had a more or less eroded appearance and there was a
tendency towards clumping. Among the irregularities noted, non-disjunc-
tion, dicentric bridge and irregular behaviour of the heteromorphic pair were
most prominent. From 24 to 96 hours the frequencies and nature of the
irregularities did not show any marked difference even with increase in dosage
from 1,000 to 4,000 r. 1t is interesting to note that the heteromorphic
bivalents seemed to be affected most. As the flower buds dried up after
4 days, no more observations could be made.

1. Flower buds irradiated at 1,000 v
(i) Observations after 24 hours

Frgure 1 shows a first anaphase plate with a dicentric bridge extending be-
tween two poles and a group of chromosomes at either pole.
Frgure 2 shows a second anaphase with one member of the heteromorphic

pair lagging at the equator and the other member showing non-
disjunction.
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Figure 3 is a first meiotic metaphase plate, in which the heteromorphic pair
shows a failure to terminalize chiasmata completely while the other
bivalents show a tendency to associate in groups.

Figure 4 is a first meiotic anaphase showing one member of the heteromorphic
pair normal, while the other is with one chromatid break.

(il) Observations after 48 hours

Figure 5 is a first meiotic anaphase showing groups of chromosomes at two
poles; a dicentric bridge extending between two poles and one
despiralized fragment.

Figure 6 is a second meiotic anaphase plate showing non-disjunction of both
the members of the heteromorphic pair, lying along two poles, with
groups of chromosomes at each of the four poles.

Figure 7 is a first meiotic metaphase in side view, in which the two members
of the heteromorphic bivalent remained unpaired and one chromosome
separated earlier than the others.

Figure 8 is a first meiotic anaphase showing a group of chromosonies at either
pole, and one lagging bivalent at the equator.

Figure 9 is a second meiotic metaphase showing a group of six chromosomes,
one member of the heteromorphic pair at one pole, while the other
pole shows a group of four chromosomes together with the second
member of the heteromorphic pair. Both the members of this pair
show an earlier separation than the other chromosomes.

(i) Observations after 72 hours

Figure 10 is a first meiotic metaphase in polar view showing:—
(@) failure of complete terminalization and orientation in the
spindle of the heteromorphic bivalent,
(b) late separation of the two heteromorphic chromosomes,
(¢} tendency of the other chromosomes to be clumped together
into groups.

Figure 11 shows a second meiotic anaphase in which the heteromorphic pair
of chromosomes with one chromosome occupies one pole. There are
groups of chromosomes at either of the remaining three poles, while
one chromosome lags at the equator.

(iv) Observations after 96 hours

Figure 12 shows a second meiotic anaphase with one anaphase nucleus that
has failed to divide after first division. The other nucleus shows
two dicentric bridges in anaphase II.
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Figure 13 is similar to Fig. 12, except that there is one dicentric bridge and
one acentric fragment.

I1. Flower buds irradiated at 4,000 r
(1) Observations after 24 hours

Figuye 14 is a second meiotic anaphase with two bridges, one a dicentric bridge,
between two poles, with groups of chromosomes at either pole and
a member of the heteromorphic pair lagging at the equator. The
other two poles have groups of chromosomes along each of them
and a bridge between them.

Another case shows a second meiotic anaphase in which one nucleus shows a
group of chromosomes at either pole, and a double bridge; the other
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nucleus shows a single bridge and two groups of chromosomes at
either pole.

(i) Observations after 48 hours

Another phenomenon is a first meiotic anaphase showing groups of chromo-
somes at either pole and a dicentric bridge extending between them
with one acentric fragment lagging at the equator.
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Figure 15 shows a second meiotic metaphase in polar view with a group of
chromosomes at one pole, a lagging chromosome at the equator.

(iii) Observations after 72 hours

Figure 16 shows a second meiotic anaphase in which the two members of the
heteromorphic pair form a chromatid bridge each, which have
failed to separate from one another. There are two lagging frag-
ments.

Another cell shows a second meiotic metaphase, with four chromosomes at one
pole containing one member of the heteromorphic pair, while the other
pole in addition to the other member of the heteromorphic pair has
six chromosomes.

Figure 17 shows a first meiotic metaphase plate in polar view with a group
of chromosomes, two normal bivalents and a heteromorphic bivalent
showing failure of complete terminalization of chiasma.

(iv) Observations after 96 hours

Figure 18 shows a first meiotic metaphase in side view with six bivalents; the
heteromorphic bivalent shows an earlier separation than the others.

Figure 19 shows a first meiotic anaphase, with five chromosomes at one pole
and seven at the other including the heteromorphic bivalent which
has shown non-disjunction.

Discussiox

The effect of different doses of radiation on meiotic ehromosomes of
Cipura paludosa reveals certain facts which are worth discussion. It has
been pointed out that stickiness of chromosomes is more or less a general
effect. Other principal aberrations include fragments, lagging, early separa-
tion of chromosomes, etc. Chromatid bridges have not been infrequently
found.

It is interesting that even after 96 hours of irradiation not much of
significant difference in the aberrations has been noted from those obtained
after 24 hours of irradiation, even with increase in dosage. This fact possibly
reveals that so far as C. paludosa is concerned, resting pre-meiotic cells are
all affected more or less similarly in the different phases of the resting condi-
tion. TIn other words, the young anthers of C. paludosa provide a mass of
resting pre-meiotic cells which are all homogeneous with regard to their
response to irradiation.

Regarding differential response with respect to the different types of
chromosomes, it has been noted that the long heteromorphic pair is affected
to a much higher degree than the smaller ones. In nearly all the metaphase
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plates, these chromosomes were found to be affected, while the others did not
show any marked effect whatsoever. This differential behaviour may be
accounted for by assuming that the longer the size, the more will be the
effect. It is better to attribute this differential behaviour as due to physical
causes, namely, the size, than to assume any difference in chemical constitu-
tion. That is to say, that with increasing length of chromosomes there is a
corresponding increase in area susceptible to radiation injury.
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