X-RAY ACTION ON POLLEN MOTHER CELLS, POLLEN GRAINS
AND ROOT CELLS OF RHOEO DISCOLOR HANCE

by ArRux KuMAR SHARMA and UPENDRA CHANDRA BHATTACHARYYA

Cytogenetics Laboratory, Department of Botany, University of Calcutta,
Calcutta 19

(Communicated by S. M. Sircar, F.N.I.)
(Received August 31, 1960)

ABsTrRACT

Differential susceptibility to X-ray radiation of the pollen mother cells, root cells and micro-
spores of Rhoeo discolor is the main theme of the paper. Emphasis has been laid on the action
of X-rays on the pollen mother cells and its comparison to the behaviour noted in normal ones.

The effects involve high meiotic irregularities, large number of fragments, micronuclei and
non-synchronization of the division of sister nuclei in second meiotic division. In metaphase,
the complete rings (12) of normal cells are replaced by small chains in treated ounes. A large
number of fragments in dyads and tetrads and a high percentage of meiotic irregularities are
in strong contrast to the behaviour in normal pollen mother cells.

In the irradiated materials the action is found to be pronounced after 72 to 96 hours and
the cause of this delayed expression of effects has been discussed, and, in general, frequency of
abnormalities has been noted with heavy doses of X-rays.

In root tips and pollen grains the low dosages (2507 and 500r) resulted into less drastic effect
whereas higher dosages (1,000r to 2,0007) initiated chromosome fragmentation and nuclear granu-
lation. In pollen grains, however, formation of micronuclei and degeneration of the grains are
the most pronounced effects.

The differential behaviour of the pollen mother cells and root-tip cells is emphasized in
view of the fact that, apart from unidentical cytoplasmic make-up of the pollen mother cells,
the cell in the latter is & unit by itself, as such, receiving the full impact of the treatment. In
root cells, radiation effects, on the other hand, are less drastic because the compact nature of
the tissue facilitates equal distribution of the effect throughout the tissue through cell-to-cell
diffusion.

INTRODUCTION

The study of radiosensitivity of plant tissues has become a fascinating
subject in recent years and a considerable amount of data has been collected
in this direction (vide Sparrow, Binnington and Pond 1958). These researches
not only involve a study of mutation, but at the same time cytological changes,
otherwise termed as radiomimetic reactions, have been thoroughly investi-
gated. The different factors governing radiosensitivity have also been ex-
plored (vide Nilan 1956; Sparrow 1951).

Most of the radiation works on plant tissues have mainly been carried
out on seeds, seedlings and pollen grains. Very little work has been done on
the effect of X-rays on the pollen mother cells (vide Bowen and Sparrow 1954;
Sparrow, Binnington and Pond 1958). Further, it is not known yet definitely
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as to how far the different organs of plants show similar or dissimilar res-
ponse tc X-ray application. Very recently, it has been reported from this
laboratory (vide Sharma and Sarkar 1957) that chromosomes from different
organs, such as the somatic cells, the germ cells and the pollen grains, show
differential response following treatments with chemical mutagens, This
has been accounted for to a certain extent on the basis of differential cyto-
plasmic constitution of these organs.

In view of the results already obtained with chemical mutagens (Sharma
and Sarkar 1957), the importance of the study of radiosensitivity of the
different organs of the same species cannot be overemphasized. Such in-
vestigations not only give an insight into the role of cytoplasm in causing
chromosome breaks, but also help the workers to select suitable organs for
the induction of gene mutations and chromosome breaks.

As is well known, it is very difficult to obtain a plant species in which
all the organs, mentioned above, respond well to techniques necessary for
cytological studies. From this viewpoint Rhoeo discolor is an ideal material
for study. The first division of the pollen grain can easily be observed and
this along with pollen mother cells and root tips can be conveniently studied
cytologically. The present investigation deals with the cytological changes
in roots, pollen mother cells and pollen grains after X-ray treatment on Rhoeo
discolor with special emphasis on the changes caused in the pollen mother
cells.

MaTERIALS AND METHODS

Healthy potted plants of Rhoeo discolor Hance with a large number of
young scapes were selected for performing the experiments. The scapes being
all arranged in the terminal portion of the stem, no difficulty was encountered
in irradiating a large number of them at a time.

Scapes of different plants were irradiated at 250r and 5007 and obser-
vations were taken at intervals of 24 hours. For X-raying the roots plants
were grown in a mixture of sand and sawdust. They were taken on Petri-
dishes and irradiated with 2507, 5007 and 2,0007, and effect was observed at
intervals of 24 hours keeping the plants in Knop’s solution. For studying
the effect of X-ray on pollen grains a third set of experiments was carried out
with the same procedure adopted in case of pollen mother-cell irradiation
and observations were made in a similar way.

In each set of experiments the divisional buds were selected through tem-
porary carmine squash method and the rest of the anthers were smeared on
dry slides and inverted in Navashin’s solution A and B mixed in equal pro-
portion. The slides were stained in crystal violet following Newton’s original
schedule. The same staining procedure was also followed in case of pollen
grains.
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For the root tips, temporary orcein squash method was followed and
prior to staining they were fixed in acetic-alcohol (1:1) for one hour.

Control experiments were carried out with normal pollen mother cells to
compare the radiation effect.

Microphotographs of some of the observations were taken at different
magnifications and slightly enlarged.

OBSERVATIONS

In the control the number of mother cells showing complete rings and
long chains has been found to be very high in first metaphase stage but there
is a sharp fall in percentage in the irradiated ones. Other meiotic irregulari-
ties, viz. lagging of univalents and bivalents, unequal separation, bridges, etc.,
were markedly enhanced by radiation, particularly with the increase of dosage.
The percentage of micronuclei gradually increased from 24 to 96 hours.

The general effect of irradiation on the pollen mother cells is manifested
by the occurrence of fragments of varying numbers. With the increase of
dosage from 2507 to 5007 there is a considerable increase in the number of
fragments in dyads and tetrads. A delayed appearance of the fragments in
high percentage after 96 hours has been noted in 5007. A slow decrease in
the percentage of fragments from 24 to 72 hours and then a sudden
increase in 96 hours have been noted. Gradual decrease has been initiated
after 96 hours. They are comparatively low in 250r.

The roots in radiation treatment have been found to be less susceptible
than pollen mother cells. In low dosage (2507) the number of fragments
has been found to be extremely low. On the other hand, in higher dosage,
the number of fragments shows a steady increase. In higher dosage there is a
marked decrease in the divisional frequency after 24 hours and the frequency
of dividing cells along with fragments has been found to be increased at 48 to
72 hours. With 2,000 there is a high degree of fragmentation of chromosomes
and as high as 16 fragments in addition to a few intact chromosomes have
been observed. Complete cessation of division together with extreme granu-
lation of nuclear matter and extranuclear granules have been obgerved after
96 hours and the rest of the roots showed signs of lethality.

The effect of radiation in low dosage of 2507 to 5007 on pollen grains has
been found to be not very drastic in comparison with pollen mother cells but
the frequency of division has been found to be extremely low, though six
chromosomes have been counted in some of the microspores. With 1,0007,
on the other hand, they show low stainability, slight granulation of the chro-
matin matters, and deformed‘mnd colourless pollen have been mnoted in high
percentage. In some of the microspores micronuclei have been observed,
the normal shape being well preserved.
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Fig, 1. P.M.C.x of Rhoeo discolor Hance, irradiated with 25307, showing non-synchronization of
division after 6 hours (1 X 250 approx.).

P.M.C.s of Rhoeo discolor, irradiated with 2507, showing absence of rings and chains,
uneqgual separation and non-synchronization of division after 48 hours (1:<2350
WLProx.).

Fia, 3. P.M.C.s of Rhoeo discolor, ivradiated with 3007, showing hieavy meiotic abnormalities to-

gether with the formation of micronuclei and non-synchronization of division after
48 hours (1 x 250 approx.).

Fia. 4, P.M.C.s of Rhoeo discolor, irradiated with 5007, showing formation of a large number of

micronuclei in the dyad stage after 72 hours (1 X 250 approx,).

Fie,
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Fias, dand 6. P.M.C.s of Rhweo discolor Hance. irradiated with 5007, showing nuclear size differ-

Fia.

Fia.

Fia.

9,

ence together with the formation of a high number of micronuclei after 96 hours
and 120 hours respectively (1 % 250 approx.),

P.M.C.s of Rhoeo discolor, irradiated with 500r. showing heavy meiotic irregularities
after 24 hours (1 x 250 approx.).

Pollen grains of Rhoeo discolor showing micronuclei, the scapes being irradiated at
1,0007 and observations made after 120 hours (1 x 1,200 approx.).

Pollen grains of Rhoeo discolor showing small and shrivelled pollens indicating heavy
sterility, the scapes being irradiated with 5007 (1 150 approx.).
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The details of observations are described in the subsequent tables.

TapLE 1

A summary of the effects of radiation on the P.M.C.s of Rhoeo discolor expressed in terms of
percentage of cells involved and its comparison with that of control

. Micro-
Nabure and Laggers Bridges Unequal Frag- | nuclei [Non-syn-
hours of separa- (rinenc.;;s 1(111 qsso;i Chl“Oan?-
. . ; yad an ciate tion o
treatment Univa- | Biva- Without | With tion tetrad with |division*
frag- frag-
lent lent = tetrad
ments ments
Control 0-769, | 0-419% | 0-30% 0-369%, 0-33%,
250r:
24 hours 2:679% | 0-879% | 0089, | 0-089 | 0-689 | 1:039, | 0-089
48 3629, | 5159 | 1:94% | 2-249% | 3029 .. .
500r 2
24 hours 0-569%, | 0189, | 0679, | 0-239% | 870% | 47-11% | 1-099% | 6829
48 3:069, | 1349, | 1-349, | 1-089% | 3-579% | 40-429, | 0-25% | 2:239,
72 ,, 2-109, | 1-059, | 0-599% | 0-439, | 3:679, | 37-459, | 1-099, | 1-449%
9% ,, 6-419, | 778% | 2-179% | 1-11% |[12-439, | 69-439, | 5-:099, | 4149,
120 ,, 1:629% | 0-94% | 1-269, | 0:269, | 9149 | 42:409 | 945% | 499%

* Non-synchronization of division is meant for the cells showing different timing sequence
in division within the same mother cell or in different mother cells.

TasrLe 11
Roots of Rhoeo discolor irradiated at 250r and effects observed after 24 hours

3 Number of
Number of (Number of |Number of .
observa- cells dividing cells with | g4 1 iness Bridges Transloea- | poryoric
tions observed cells rf:‘::r%t-s tion
1 158 4 2
2 223 2 2
3 204 2 1
TasLe 111
Observations after 48 hours
Number |Number of | Number of
Numb f s . C o . Transloca-
Ob;arvaetri ogxs o%fs ec:&lesd dlxcr:’(lill:.g g‘zlgn vg;:;:; Stickiness | Bridges T ;‘f’) ;1) Remarks
i 322 9 3 ‘
2 410 12 3
3 542 4 .
4 214 ..
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Observations after 72 hours

TasrLe IV

Number |Number of { Number of )
Numbex: of of cells dividing | cells with | Stickiness | Bridges Traqsloca.- Remarks
observations S g tion
observed cells fragments
1 219 1
2 188 2
3 326 1
TABLE V
Roots of Rhoeo discolor wrradiated at 500t and effects observed after 24 hours
Number | Number of | Number of !
Olgéléilf:&o(;fs of cells dividing | cells with | Stickiness | Bridges Trartxisloca,- Remarks
’ observed cells fragments on
1 225 1
2 259 ..
3 243
TaBLE VI
Observations after 48 hours
Number |Number of | Number of
OI:'SIJ;m‘:;iI:OOfS of cells dividing | cells with | Stickiness | Bridges Tragillc:ca- Remarks
TVALIONS| ,bserved cells fragments
1 598 13 .
2 425 2 .
3 493 4 .
TaBLE VII .
Observations after 72 hours
Number | Number of | Number of
§mbil: of of cells dividing | cells with | Stickiness | Bridges Tmﬁil;l)ca" Remarks
ODSErvations| ,pserved cells fragments
1 158 8 3 1 .. ..
2 244 6 2 .. 1 Micro-
nuclei
observed.
3 320 3
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Tasre VIIT
Observations after 96 hours
Number |Number of [ Number of
Nb'umbilfo()fs of eells dividing | cells with | Stickiness | Bridges Tra.;lis‘;loca- Remarks
observations| . erved cells fragments n
1 112 3 1
2 150 ..
TaBre IX
Roots of Rhoeo discolor irradiated at 2,000r and effects observed after 24 hours
Number Number
of ob. | Number) Number | “or cons | gicki. | Trans-
of cells |of divid-|_. Bridges . Remarks
serva- | o ali 1 with frag-| ness location
tiops |0PSETVEC) MEOOUS | ents
1 286 1 1(9) Resting nuclei highly granu-
lated, chromosome mor-
phology not clear.
2 390 Nuclear granulation.
3 630 do. do.
4 240 .. do. do.
5 400 1(13) Resting prophase nuclei con-
taining fragments.
Tasre X

Qbservations after 48 hours

Number
Number | Number | Number | of cells Sticki T
of obser-| of cells jof divid-| with 1651° 1 Bridges 1 ra:}s- Remarks
vations |observed|ing cells | frag- ness occamion

ments

1 170 3 2(2,4) 1 Nuclei highly granulated
and extranuclear chromatin
matter observed. Micro-
nuclei in few cells.

2 58 1 1(16) : Micronuclei in several cells.

3 214 7 7 1 1 1 do. do.

4 136 .. o .. Resting nuclei highly granu-
lated.

5 58 2 2 (12) 1 1 Fragments very small, nu-
clear granulation highly
marked.

Roots of Rhoeo discolor érradiated at 2,000r

6 85 2 2 (5) 1 1 Fragmeuts very small, mi-
cronuclei in several cells,
high nuclear granulation.

7 94 2 2 (12) Resting cells with high extra-
nuclear fragments.

8 62 2 2 (5) 1 . do. do.
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TasLE X1

Observations after 96 hours

Number of

observations Remarke

1 All cells in resting stage, high granulation of nuclear matter, extranuclear
chromatin matter in a large number of cells, signs of lethality observed.
Most of the roots after 36 hours turned brownish, and this was noted also
after 72 hours.

Tasre XII
Effeci of X-rays on the pollen grains of Rhoeo discolor after irradiating at 250r

Observationa

Number of

taken after microspores Remarks

24 hours 487 Pollen fairly normal, mostly turgid, about 209, shri-
velled, stain moderate, a few divisional microspores
showing 6 chromosomes observed.

48 |, 579 Pollen grains mostly normal, 12 to 16% deformed,

stain fairly bright. Pollen uninucleate.

Tapre XITI

Effect of X-rays on the pollen grains of Rhoeo discolor after irradiating at 500r

Obaervations

Number of

taken after microspores Remarks

24 hours 453 About 259, shrivelled and faintly stained, slight granu-
Iation of the nuclei observed, in few cells normal
haploid number observed. Pollen mostly uninu-
cleate.

48 ,, 356 Grains mostly normal, about 289, deformed, slight
nuclear granulation, stain fairly bright. Pollen
uninucleate.

72 ,, 478 359, deformed, slight granulation of the chromatin

matter, no divisional figures observed. All grains
uninucleate.
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Tasre XIV

Effect of X -rays on the pollen grains of Rhoeo discolor after irradiating at 1,000r.

Observations Number of

taken after microspores Remarks

72 hours 880 Grains shrivelled, micronuclei of varying sizes. 54 to
729, deformed pollen observed, size difference other-
wise showing normal stain of some grains noted.
Deformed pollen colourless, granulation of nuclear
matter marked. Pollen uninucleate.

96 hours :

(a) 632 High percentage of pollen grains wrinkled and stainless,
high granulation of chromatin matter in turgid pollen,
about 659% deformed pollen noted. Pollen wuni-
nucleate.

(2] 428 Size difference within the turgid pollen noticeable,
nuclear matter granulated, 659, pollen grains, shri-
velled and stainless. Pollen grains uninucleate.

() 466 About 709, pollen grains colourless and highly shri-
velled, micronuclei observed in several pollen, stain
very faint and nuclear matter in turgid pollen granu-
lated and in some cases clumped nuclei observed.
Pollen uninucleate.

Discussion

A study of the effect of X-rays on pollen mother cells, pollen grains and
roots of Rhoeo discolor reveals a number of interesting peculiarities. Of all
the organs, the effect is most pronounced in the pollen mother cells. Hence a
high frequency of irregularities has been noted including laggers, bridges,
unequal separation of chromosomes, micronuclei, non-synchronization of divi-
sions and fragments. As in the case of Rhoeo discolor excepting the fragments
other iiregularities are noted to occur under normal conditions ; because of
its structural hybrid nature, in an extremely low percentage of cases, control
preparations had to be kept to compare the effect in treated and normal cells.

Tt is evident from Table I that, while in the normal tissue the irregulari-

ties oceur in an extremely low percentage, the treated ones show high
wfrec.]uency of irregularities. Even at a low dosage of 250r, after 48 hours
the irregularities show a heavy increase. The percentage of fragments
is 16-78 as compared to the normal ones. In cells observed after 24 hours,
no doubt, the irregularities are so high, evidently due to the fact that a high
percentage of cells containing irregularities passed into the resting phase
after receiving the effect of ionization, or receive the effect in the resting
stage. These cells naturally started division later and the percentage of
irregularities increased after 48 hours. With the high dosage as expected,
3
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the frequency of irregularities, specially the fragments, has been found to
increase at a heavy rate. This increase is not always constant but often
shows a slight fall or rise in successive days. This is possibly due to the
fact that pollen mother cells being individual units a subtle metabolic equili-
brium is retained between different intracellular factors within each cell.
A disharmony in any of these, caused at random in different cells, may in-
fluence their cytological expression.

It may be noted from Table I that, after 96 hours of treatment, the cells
observed show a hea,vy increase in aberrations as compared to the rest. This
is rather striking in view of the fact that the increase involves all the aberra-
tions so far recorded including the number of fragments. It is not likely that
the effect in such cases was initially mainly on the dividing cells, which
was manifested later on in the succeeding division after passing through
the resting condition. In that case, such an increase should not have been
markedly different from that of cells observed after 72 hours, as well as
after 120 hours. In view of these facts, it appears that cells showing effects
after 96 hours received the treatment at a particular phase of the so-called
resting condition. In that case, it is to be admitted that a stage in the
premeiotic resting phase is more susceptible to X-ray treatment than the
other phases of resting and the dividing condition. With the advancement
in techniques it may be hoped that this stage under resting condition will
be fully analysed.

The plant subjected to treatment is characterized by formation of rings
and chains during meiosis. It has been found that the frequency of such
multivalent rings and chains, in the treated cells, shows heavy decrease as
compared to the normal ones. This is rather expected in view of the fact
that the formation of such configurations depends on a normal metabolism of
the chromosomes and its synchronization with each other as well as the cyto-
plasm. Following X -ray treatment such balance is liable to be broken, bring-
ing in & disharmony, which prevents formation of such well-organized con-
figurations (cf. Darlington and La Cour 1953; Marquardt 1951; Sparrow
1947).

A comparative study between the effects observed in pollen mother cells
and root cells shows that in the latter, in strong contrast to the former, 250r
and 5007 of treatment cause no appreciable appearance of fragments like
higher dosages. In 2,000r treatment, however, the percentage of fragment is
very high. This is interesting as in other plants, like Allium cepa, this dosage
has been shown to cause heavy chromosome breaks. In any case this differ-
ential behaviour, of the chromosomes of roots and pollen mother cells, may be
attributed to two factors: Firstly, it may imply that the mitotic chromosomes
are less susceptible to chromosome breaks than those of pollen mother cells of
Rhoeo discolor (cf. Sparrow 1951). On the other hand, the data may also be

3B
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taken to imply that the compact nature of the root cells allows them to
resist X-ray effect to a significant extent through distribution of the injurious
effect by cell-to-cell diffusion. In pollen mother cells; on the other hand,
the cells being individual units, and in which several metabolic factors maintain
a subtle metabolic equilibrium, a slight disturbance can bring out chromosome
breakage. The appearance of irregularities in such individual units finds
parallel, to some extent, with those of colchicine-treated pollen mother cells,
noted by the authors in Zebrina pendula Schnizl, (Sharma and Bhatta-
charyya 1960). By further analysis with other mutagens and physical
agencies it is yet to be seen as to which of the two alternatives mentioned
above is correct,

Tt may be noted that in control preparations it has been seen that pollen
division starts not before 72 hours after the formation of tetrads. As such,
the grains showing division up to 72 hours after treatment can be considered
to have received the X-rays at the grain stage instead of at the pollen mother-
cell stage.

In pollen grains the nature of the effect has been difficult to analyse.
Neither after 2507, 500r or 1,000r of treatment, fragments or irregularities
could be noted in the pollen grains. No doubt, micronuclei have been noted
after 1,0007 of treatment after 72 hours. But as such micronuclei have been
found to be associated only in the single nucleate stage of the pollen grains
and not in the binucleate condition; it appears that these were originally
formed in the pollen mother cells and included within certain grains. It is
clear, therefore, that even a very low dosage of irradiation in Rhoeo discolor
causes the pollen grains to lose the capacity for division to a great extent
not met with either in the pollen mother cells or in the somatic cells of roots.
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