Delta J. Sci. 20 (1) 1996, 172-183

INDUCED CYTOMIXIS AND MALE STERILITY IN
HORDEUM VYULGARE L

BY
Soliman A. Haroun and H, M, El Wadie
Biology Department, Faculty of Education, Tanta University,
Kafr Et Sheikh 33512 Egypt and collage of Education,
King Saoud University Abha.

Received: 17 - 10 - 1995

INTRODUCTION
Radiation induced chromosomal aberrations are widely known in crop plants. The
‘mode of action and origin of these aberrations have been extensively studied in
different plants by a number of workers (Haroun & Ali 1993, Das & Roy 1989,
Lgnacimutbu & Sakthivel 1989, Reddy & Annadurai 1992 and Gutuam &Richarria
1992}, either to study their mutagenic effects or their use in mutation breeding

technique to create desirable genetic variation in economic crops.

Gamma rays not only induce mitotic aberrations but also affect meiotic
chromosomes and pollen fertility (Haroun & Ali 1993). They were found to affuct
chiasmata frequency which is an indication of the degree of recombination. A number
of wark rs have reported the effects of gamma rays on many genera showing various

effects mostly depending on the dose of treatment and the nature of the plant material,

Transmigration of chromatic material from one cell to another (cytomixis) has
been reported by many workers in different plants, and during microsporogensis for
a wide range of angiosperms which represent genetically unbaianced types such as

mutants {Gosttschalk 1970), plants treated with various chemicals like laurel alcohol,
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EMS (ethyl methyl sulphonate) or chemical mutagens (Datta & Biswas 1984), fixative

(Linnert 1955), and temperature anomalies (Basavaiah & Murthy 1987).

Up till now and to our knowledge this is the first report on cytomixis induced by
gamma irradiation. This phenomenon in PMC’s and its role to induce aneuploid and
polyploid number of chiromosome was investigated in addition to the meiotic
disturbance and reduction in chiasmata frequency to create male sterility in cereal

crops as barley.

MATERIALS AND METHODS

Mature and healthy grains of Hordeum vulgare L (2n.= 14) were treated with
gamma irradiation at doses of 2.5,5, 10,20, 30,40, and 50 kr. the treated arains were
grown under normal field conditions. For meiotic studies young spikes with flowers in
pre-anthesis stage were collected between 8-10am., fixed in 3:1 (v/v) ethyl alcobol and
acetic acid glacial for 24h. at room temperature. The material was stored in 70% ethyl
alcohol at 4 c° till use. Anthers were stained and squashed in 2 % acetocarmine.
Meiotic chromosomes, chiasmata frequency, cytomixisand stainability of pollen grains
as indicator for viability were studied in 20-40 pollen mother cells at diakenesis and

metaphase I for each treatment. Photographs were taken from temporary slides.

RESULTS AND DISCUSSION
Meiotic studies.

Meiotic aberrations were observed at most of the meiotic stages. Lagging
chromosomes at anaphase I and II (Fig. 2-f,l) and micronuclei at the tetrad stage
(Fig.2-i) were the most common types. No doubt that such aberrated cells induced by
gamma rays would subsequently show aneuploid number of chromosome and more or
less show a high degree of sterility as reported by Das & Roy (1989), Major & Khanna
(1988), Mishra & Roghuvanshi (1989), Venkateswarlu et al (1988), Reddy &
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Annadurai (1992) and Haroun & Ali (1993). This was found to affect polien fertility,

which is negatively correlated with doses applied.

Mean chiasmata frequency per cell and per bivalent as well as the depression index
were recorded in table 1. It is obvious that cells showing high numbers of chiasmata
were more frequent in control and at low doses af treatment, where no cells with 11
and 12 chiasmata were recorded. This is in contrast with the high treatments where
cells showing low numbers of chiasmata were being more frequent. Such a reduction
in chiasmata frequency by gamma rays was previously reported by Hamadi & Godwar:
(1989), and Venkateswarlu et al (1988). On the other hand Lawrance (1961} found that
chiasmiata frequency increased at the lower doses. The depression index of chiasmaia
trequency was found to be increased at higher doses (40 and 50 kr), where the number
of bivalents become reduced because of the tendency of chromosomes to associate iu
groups of more than two pairs (Fig. 2-e), leading to 2 reduction in chiasmaia

frequency.

The reduction in chiasmata frequency could be due to chromosomal structural
changes or due to the upsetting of genetic systems which control the distribution of
chiasmata on the bivalents, as recorded by Jones (1974). In the present study it seems
that the first suggestion is more likely to be the cause of meiotic aberrations in polien

mother cells affect chiasmata frequency, and pollen fertility is subsequently reduced.

(Fig.1) .

Cytomixis

Cytomixis was observed in pollen mother cells after irradiation either in form of
cytoplasmic connections or direct fusions between cells in most treatments applied in
the present investigation. Both types of cytomixis were recorded in meiosis I at all

doses and in meiosis I at doses of 30, 40 and 50 kr. treatments,
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The majority of PMC’s observed were seen mostly connected in series of 3-5 cells
(Fig. 2 - a.b), either by direct fusion or with cytoplasmic connections, and sometimes
with both. Partial migration of chromatin material was observed (Fig. 2-c), where cells
show ancuploid chromosome numbers (2n + 2 or 3) as reported by Spare &
Deshpande (1987), and Basavaiah & Murthy (1987). Also, the whole migration of
chromatin material (Fig. 2-d) was observed, mostly causing the formation of potyploid

cells as stated by Bah! & Tyagi (1988).

The percentage of the direct fusion form of cytomixis is higher than cytoplasmic
connections. The latter are sometimes represented by two or three consnections as was
recorded by Bahl & Tyagi (1988). The percentage of cytomixis in relation to dose
treatments shows no definite relation either for types of connections or for stagss. The
dose of 30 ur records the highest value of cytomictic cells even compared with high
doses (40, 50 kr.). This dose also represenis the minimum dose causing cytomixis in

second meiotic division (Table 2}

Generally, the percentage of cytomixis was found higher in meiosts [ and decreases
as the advancement of division progresses (Bahl & Taygi 1988), but withour 2 definite

relattonship to gamma irradiation doses.

Cytomixis resulted from radiation inthe present wuark is directly related to ~hanges
in chromatin material or chromosonie number i the cytomictic cetls, depending on the
nature and amount of material travelling between cells. In case of partial migration,
aneuploid cells are formed having 2n + x where x =2 or 3 chromoscmes as was
reported & Deshpande (1987) and Ball & tyagi 1988). If the migration involves the
whole set of chromosomes, it mostly leads te the formation either of giant cells or

polyploid cells as stated by Gosttschalk (1970).
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No doubt changes due to cytomixisand the formation of aneuploids or polyploids
leads to the formation of sterile PMC’s, which are not able to function, producing
variants in the following generations, especially in gametic cells rather than somatic
ones. In the present study, the abnormal microspores produced by cytomixis fead to
the formation of abnormal tetrads in the final stages of meiosis {Fig 2-j), and aberrant
pollen grains appear, being smaller, empty and unstained (Fig 2-g ). In addition to
inducing meiotic aberrations, it affects chiasmata frequency and fertility. These pollen
grains are non functional and would not be able to grow in competition with the

normal pollen grains even if they are functional as previously suggested by Spare &
Deshpande {1987).

The absence of cytomixis in the control plants confirms the mutagenic effects of

radiation and its role in the induction of this phenomencn in the present work plants.

SUMMARY
A study of the cytological effects of gamma rays at doses of 2.5, 35, 10, 20, 30, 40,
and 50 kr is reported for Hordeum wvulgare L.. a cereal crop plant . Meiotic
abnormalities were observed in PMC’s and were found to be related to the formation
of sterile pollen grains. Not only was adverse correlations recorded between gamma
doses and pollen viability, but also with chiasmata frequency. The last parameter is

mostly a consequence of chromosomal strctural changes in meiotic division.

Cytoniixis was observed in PMC’s of treated plants in the form of direct fusion and
cytoplasmic connections, Both types were recorded in meiosis I and meiosis II with
different intensities of iradiations showing the reduction of cytomixis as meiotic
division advances, PMC’s showing cytomixis were observed sometimes in series of 3-5
cells. Some cells were observed showing partial migration of chromatin material

forming cells having aneuploid numbers of chromosomes, while others show migration
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of the whole set of chromosomes by direct fusion, forming giant cells or polyploids. All
cytomictic cells formed are aberrant and genetically unmbalanced. This consequently

form non-or poorly functional pollen grains leading to male sterility in this plant.
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Table 1: Distribution of chizsmata frequencies in PMC's of hordenm vielgare treated

witlt different doses of gamma rays.

S I Gails olen dlfterect [ L 17T [ P
treat. | Svarad . Chiasmata Chiasmata| deprenss
Hog. of chiasmata 11 per
L Cells ger ce i >
- “1112 13 14 1s 6 17 | =s5.z. Fivalent | o190
) U I fmm e e e L .
zont. 3z 0 0 ¢ 2 & 10 14 | 15.12%0.47 2.10 o.u
2.5 28 000 2 2 a4 12 3 15 . 78+0.16 2.25 2.11
5.0 24 C 0 3 3 4 10 & 15.65%0. 22 2.23 2.05
10 22 a 4 o 8 2 7 ] 15.00%0.29 ;. .14 6.%5
20 34 ¢ &6 4 2z 10 » g 14.71%0.31 2.10 a.71
30 40 6 4 2 & 12 1 2 14.10%2.52 2.01 12.53
40 28 108 4 2 4 0 Q 12.35%0.72 1.76 23.18
50 30 146 6 2 2 a4 0 12.06x0.41 1.72 25.1%
Table 2: Percentage of pollen wother cells showing cytomixis by direct fusion,
cytoplasmic connections at melosis 1 and meiosis 11, abnormal ones at different doses
of gamma irradiation treatments and pollen grain viability.
___________________________________ e mm e e
traat. |Ho.of PMC-s{ = % of cytomixis _ | % of abn.|n Poll.
Ky cell O.F. |C.C HI M OfI total PMC's :er':;l.jd:x,'_J
_____________ R WS I SR I S S
sonize! 156 2.0 6.0 c.0 0.0 0.0 | 0.0 91.45
2.5 145 1.30 0.76 2.06 0.0C 2.06 { 5.10 87.58
5.0 184 1.20 0.19 1 1.33 0.0 1.39 5.80 85.15
10.0 183 1.15 1.04 2.19 0.0 2.19 6.20 A6,.718
20.0 177 2.12 0.1 | 2.75 0.0 2.75 6.7C 86,60
n.s 185 10.31% 31.78 13.51 1.08 i4.59 6.95 gr.70
10.0 193 5.21 l.18 5.97 0.80 07.11 8.10 FE.?1
s0.0 | a2 R \ 7.02 | o.21 Lov.zs 8.91 7¢.38

D.F. = direct fusion, C.C = cytoplasmic connection, MI = melosis 1,

MIT = meiosis 1
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Fig. I: Relationship between chiasmata frequency and percentage of pollen ferility in

PMC's of Hordeum vulgare L. treated with gamma rays at seed stage,
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Fig. 2-a.b. Series of PMC's showing cytontixis by direct fusion and cytoplasmic
connection, 2-¢. Cell showing aneuploid chromosome number (9 bivalents). 2-d. Whole
set migeration of ehromuosome by direct tusion. 2-¢, Diaknests showing more than (wo
bivalent associated together. 2-F Unoriented  chromosome at anaphase 1. 2-g Small
empty and unstaived pulien grains, 2-h. Lagging at auaphase 1L 2-i0 Micronucled at

welophase 11, 2-1 abnomal tetrad stave showing fve groups.
5 L £ [
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