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ABSTRACT

The experiment was designed to investigate the influence of genomic factor on radiosensi-
tivity, keeping other factors constant as far as practicable. Effects were noted on the root tip
mitoses of Lathyrus sativus, Pisum sativum and Lens esculenta, all having the same chromosome
number (i.e. 2n = 14) and nearly equal amount of chromatin matter, excepting slightly lower
amount in Lens esculentn, X.-ray dosages applied were 500y, 1,000, and 2,000, and observations
were made at different intervals. Radiosensitivity has been scored with particular reference to
the frequency of chromosome breaks. It hasbeen noted that Lens esculenta is much more radio-
resistant than Lathyrus sativus and Pisum sativum, as the frequency of fragments is distinctly
low in the former species. This difference is correlated to its low chromatin content. It has
been inferred that genomic influence on radiosensitivity is not marked and the latter, so far as
these three species are concerned, is principally governed by chromosome size.

INTRODUCTION

In a preceding paper (Sharma and Chatterji 1962), analysis and inter-
pretation have been presented of the X-ray effect on long and short chro-
mosomes when they occur in the same and different species. The above
investigation was undertaken to find out the degree to which chromosome size
affects radiosensitivity. In addition to chromosome size, a number of other
chromosomal factors, specially the influence of genome, needs consideration.
The present paper deals with the results of the investigation taken up with the
above subject. It may be noted that several workers have observed the
influence of genotype on radiosensitivity in different species of flowering
plants (Sparrow and Christensen 1953; Sparrow 1955).

In order to work out the influence of genome on radiosensitivity, ma-
terials have been chosen which do not differ much in their chromatin content.
The purpose of selecting such material is to eliminate the influence of chro-
mosome size by keeping that factor constant in all the species.

As all the species are characterized by nearly the same chromatin content,
the difference in radiosensitivity obtained cannot be attributed to chromo-
some size, but to the influence of genotype as a whole.

* The authors are indebted to the Council of Scientific and Industrial Research for financijal
agsistance,
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Three allied species of Leguminosae, viz. Lathyrus sativus, Pisum sativum
and Lens esculenta, have been selected for the purpose. They are characterized
not only by the same amount of chromatin content at least in the first two
species, but at the same time they do not differ significantly with regard to
their physiological set-up. All of them are herbaceous annuals and are used as
pulses. The object of selecting materials of nearly the same physiological set-
up is to eliminate the influence of physiological condition in the control of
radiosensitivity as pointed out by some authors (Gustafsson 1944 ; Nilan 1956).

MATERIALS AND METHODS

In this investigation for the study of genomic control on sensitivity, seeds
of the following plants were chosen:

Species Chromosome No.  Parts used
1. Lathyrus sativus, Linn. 2n = 14 Root
2. Pisum sativum, Linn, 2n = 14 '
3. Lens esculenta, Moench. 2n =14 .

The seeds of the above-mentioned plants were procured from the market.
They were soaked in water for some time and then allowed to germinate in
earthenware pots in a mixture of sawdust and manure. When the seeds ger-
minated and the root tips were about 0-5-1 mm in length, they were subjected
to irradiation. Before irradiation, from the control sets of each species,
studies were made of the frequency of division, nature of chromosomes and the
amount of chromatin matter present in each of them.

For irradiation experiments, the germinating seeds of each species were
taken in three sets and irradiated at dosages of 500,, 1,000, and 2,000,. For
each set several seeds were taken so that the observations could be continued
up to 48 hours in the intervals of 3 h, 24 h and 48 h.

The radiation was obtained from a fluorescent type of X-ray tube operated
at 110 KVP and 5 mA with 1 mm aluminium filter having an output of 40, per
min. at a distance of 30 cm from the target.

At the time of irradiation the germinated seeds were taken within a
bakelite receptacle with their root tips facing the source of rays. After being
irradiated the materials were allowed to grow in properly labelled containers in
moist sawdust.

For observations the root tips were at first pretreated with saturated
solution of Aesculin (Sharma and Sarkar 1955) for 10 min. at 12°C. The
root tips were next fixed in acetic-alcohol (1 : 1) for half an hour, hydrolysed
and stained in 2 per cent aceto-orcein and (N)HCI mixture (9 : 1) and finally
squashed in 1 per cent aceto-orcein. The short Aesculin treatment was
checked in the control and no.radiomimetic effect noted. Each experiment
was repeated several times,
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The figures were drawn at a table magnification of approximately x 1,900,
using a Zeiss compensating eyepiece of X125 and a 1-3 apochromatic
objective with a condenser of 1-3 N.A. In the diagram, only the structurally
altered chromosomes and other aberrations have been filled with ink, while
others have been drawn only in outline.

OBSERVATIONS AND DISCUSSIONS
1. Cytological characteristics

Before noting radiation effects, the chromosomal characteristics of the
three species have been observed. Frequency of division in non-irradiated
seeds has also been determined for comparison with the radiated ones. All
the three species, viz. Lathyrus sativus, Pisum sativum and Lens esculenta,
contain the same number of chromosomes in the root tip cells, i.e. 2n = 14.
The chromosomes are in general of medium size, having submedian and median
primary constrictions. Of the three species, the chromosomes of Lens escu-
lenta are a bit shorter and as such the chromatin matter in this species is less
(64+0 ) than that of Lathyrus sativus (74-1 p) and Pisum sativum (71-5 p).

2. Radiation studies

While taking data, a number of readings were taken and each time the
total number of cells were counted per microscopic field of observation. Out
of these the percentage of dividing cells were counted, while the frequency of
abnormal cells and abnormalities were counted in relation to the total number
of dividing ones. The principal abnormalities were the occurrence of fragments.
Besides, there were somatic bridges, stickiness, lagging of chromosomes,
polyploidy and somatic reduction in a few cases, while micronuclei with
varying numbers have been observed in the resting stages (P1. LVII, figs. 1-5).
The number of fragments per cell varied from one to many. They were of
both centric and acentric types, the latter being much more frequent. Distinet
translocations have also been noted in a few cases.

In all these cases, the divisional frequencies have not been found to be
affected markedly. But the frequency of abnormalities, particularly frag-
ments, gradually rise with increase in dosage, particularly in 1,000, treatment.
In certain cases divisional frequency has been found to be very low due to the
degenerating condition of the roots,

The principal abnormality noted so far in three different species belonging
to three genera is chromosome breakage. In addition to fragments, micro-
nuclei formation has been found to be very common, specially in Pisum sativum.
Lagging of chromosomes at the equatorial region has been noted in all of them,
indicating difficulties in chromosome movement. The same behaviour has
resulted in the formation of somatic bridges. Stickiness, one of the generalized
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Fre. 1. Translocation in Pisum sativwmn forming tandem.satellite (irradiated at 1,000, aud
observed after 24 h), Fie. 2. Translocation in P. setivum forming dieentric bridge
(irradiated at 1,000, and observed after 48 h), Fic. 3. Micronueleus formation m
P, satirum (irradiated at 2,000, and observed after 48 h), TI16. 4. Fusion of heterc.
chromatic ends due to stickiness in Lathyrus sativus (irradiated at 1,000, and observed
after 24 h). Fic. 5. Lagged fragments in L. sutivus (irradiated at 2,000, and
ohserved after 24 h).
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effects, is common. Distinct translocations have been detected, specially in
Lathyrus sativus and Pisum sativum. It appears from the configuration
presented by the chromosomes that radiation may increase the stickiness of
heterochromatic chromosome ends facilitating their uniéon without involving
any breakage at an intermediate stage (Fig. 4). The occurrence of tandem
satellite as observed (Fig. 1) in Pisum sativum can only be explained if reunion
between broken and unbroken ends is assumed, that is a satellite from one
chromosome has been translocated on the terminal segment of another
unaffected chromosome. Such a case of reunion between broken and unbroken
ends has been reported in Caladium bicolor (Sharma and Das 1954).

TaBLE I

Showing the frequency of division in the three specics after irradiation in relation to the control

500, 1,000, 2,000,
Species Sf(ﬁ' —
3h 24h 48h 3h 24h 48h 3h 24h 48h
Lathyrus sativus 9-29 6-79% 6-99% — 6-099 979% 83% 7-4% 979 539
Pisum sativum 9-7% 729% 7-39% 11-3% 599 929 767% — 729 749
Lens esculenta 10:7% 6-8% 959 9-09% 7-0% 87% 849% — 869 879

With regard to the frequency of division at subsequent intervals, Table
I would show that the species do not differ much from each other and there is a
slight decrease at the onset as compared to the control. Excepting in occa-
sional cases, such as Lathyrus sativus after 2,000, treatment, there is a slow rise
in divisional frequency with continued lapse of period after X-ray application.
The slow rate of frequency at the initial stages, that is after three hours of
application, may be attributed to a generalized disturbed metabolism just
after irradiation. As the tissue gradually recovers, the frequency of division
rises as well. It may be noted that absence of any damaging effect on the
frequency of division of nuclei by irradiation at the dosage applied is re-
stricted to seeds alone. With regard to bulbous plants, different types of
influence have been noted, which have been pointed out in another paper
(Sharma and Chatterji 1962).

As far as chromosome breakage is concerned, effect after 3 h has been
noted to be significant in all the three species. With increase in dosages slight
increase has been noted in all the three species, specially between 500, and
1,000, But in a still higher dosage of 2,000, this relationship falls through.
Further, at different periods after irradiation there is a general increase at
24 h followed by a decrease at 48 h. The decrease may be attributed to the
gradual degeneration of cells with a high number of fragments and division of
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new cells unaffected by irradiation. At the same time the data is to some
extent deviating by preferential union of broken ends and translocation.

It appears from a survey of the percentage of fragments noted in different
species (vide Table IT and Text-fig. 1) that a parallel is present between
Lathyrus sativus and Pisum sativum, whereas Lens esculenia seems to be
comparatively more resistant to radiation breakage. After 2,000, application,
the percentage of fragments in Lens esculenta is markedly low. In 500, and
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TexT-F16. 1. Relation between frequency of fragments,
radiation dose and h of observation.

1,000,, too, the percentage is decidedly low as compared to the other two
species, excepting after 24 h at 1,000, treatment where a sudden rise has been:
noted due possibly to the degenerating condition of the root. Taking all these
factors into account it appears that Lens esculenta is more radioresistant as
compared to Lathyrus sativus and Pisum sativum.

1t may be noted in this connection that histogram of the chromatin
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TaBLE II
Showing the frequency of fragments in different species at the different dosages

5004 1,000, 2,000,
Species
3h 241 48 h 3h 24 h 48 h 3h 24h 48 h
Lathyrus 4869 4879  —  5459% 54T 25:0% 40-0% 388% 30-89%
sativus
Pisum sativum 36-8%, 52.69, 5859, 52:29;, 51.029 62-07°%  — 30-6% 23.7%
Lens esculenta  30-09%, 17-29, 19-1% 41-0% 67-3% 31.0% — 23-0% 6-19,

content of the three species shows that Lens esculente possesses less chromatin
content than that of the other two (vide Text-fig. 2). Though originally the
three species were chosen because of their similarity in chromosome number
and size, careful analysis reveals comparatively shorter chromosomes in Lens
esculenta. Evidently this investigation has served to check the influence of
genome as well as chromosome size on radiosensitivity. The absence of any
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TEXT-FIG. 2. Histogram show-
ing the chromatin length in
the different species.

marked difference between radiosensitivity in relation to chromosome break-
age between Lathyrus sativus and Pisum sativum, whose genomes are widely
different as the species belong to two different genera, indicates that radio-
sensitivity is not possibly controlled by any special genomic factor. On the
other hand, the difference in radiosensitivity between these species and Lens
esculenta, the latter having shorter chromosomes, indicates that chromosome
size is one of the principal factors in radiosensitivity, as specially noted in the
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previous paper (Sharma and Chatterji 1962) and also recorded by Ostergren
et al. (1958), and others.
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