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Abstract

Seeds of three tomato varieties, i.e, No. 10, Bison and Kecskement
were irradiated with 12 krad. The abnormalities in the meiotic stages of
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pollen mother cells in both M\ and M2 were evaluated. The 3 varieties
were greatly varied in the percentage of abnormalities occurred . The
var. No. 10 gained the maximum percentage of lagging chromosomes .
Meanwhile, the variety Bison was superaccounted in stickness or
culmping chromosomes, chromatid bridges and micronuclei .Whereas,
the highest percentage of disturbed chromosomes and sterility was
concerning to the var. Kecskement .

Different types of abnormalities such as stickness, disturbed
chromosomes, chromatid bridges, micronuclei and pollen sterility were
highly occurred in M2 than Mj . Meanwhile, the percentage of lagging
chromosomes reached the maximum in Mi rather than M2

It could be mentioned that pollen sterility was increased by
radiation treatment in tomato varieties . This sterility reached the
maximum in M2. This was attributed to the increase in the chromosomal
abnormalities in M2.

A number of mutants i.e., dwarf, non-branching, sterile plants and
variations in fruit weight, had been occurred in the M2 as a function of
gamma irradiation .

Introduction

Using gamma irradiation or X-rays caused different chromosomal
aberrations in different plants (Yaggu and Rusalin, 1957; Pipov and
Nushikyan, 1973; Zagorecheva and Lordanov, 1976; Kosova et al.
1978; Jayabalan and Rao, 1983). Abberation frequencies in both
somatic cell and gameted of tomato were recorded by Zhuchenko et al,
1975. Also, they were observed at mitosis and meiosis (Zhuchenko et al,
1979) . Sticky chromosomes were more frequent in M2 than Mj Rao
and Rao, 1977) . Abnormal cells in the different mitotic stages tended to
be increased by increasing radiation dose (Soheir and Evon, 1972).
Higher chromosomal abberations caused a higher sterility of plants
(Yaggu and Rosalind, 1957) .Pollen sterility was observed in gamma
irradiated tomato plants (Scarascia Venezian, 1967; Zagorcheva and
Lordanov, 1976, Choi, 1976; Jayabalan and Rao, 1983; Dryanovska,
1983) .

Several valiable mutants in growth habit, fruiting, total yield,
chlorophyll content and fruit quality, as well as the content of dry
matter, sugar and ascorbic acid in tomato fruit were obtained (Hvostova
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et al., 1962; Kulik, 1965; Manumanthoppa and Modhava Menon, 1973;
Polyanskaya, 1974; Abdullaev, 1974 and Rehana Majid, 1975) .

The genetical and cytological response of 3 tomato varieties to
gamma rays were the aim of this study . Also, all mutations occurred in
M2 generation were recorded .

Material and Methods

Three varieties of tomato Lycopersicon esculentum namely No. 10
(1); Bison (2) and Becskement (3) were used in this investigation . Seeds
of each variety were irradiated with 12 Krad (120 Gy) at a dose rate
1.36 rad / Sec. . The irradiator was Co-60 instole at the National Center
for Res. and Rad. Technology, Ca*o, Egypt . Seeds were sown in 2
successive seasons . In the first season, seeds of Mi were sown in a
greenhouse, and after 35 days the obtained seedlings were transplanted
in the Experimental Field in split plots design with 3 replications . In the
second season, seeds of both Mi and M2, as well as their respective
unirradiated control were sown in the greenhouse, and the obtained
seedlings were transplanted in split plots design in 3 replications . The
Exp. Farm of the Fac. of Agric, Ain Shams Univ., was used to carry out
the experiments.

A. Cytological observation

a. Meiotic studies
•

Flower buds of the three varieties in both M\ and M2 generations
were fixed in 1: 3 aceto alcohol and were studied using aceto carmine
squash technique ( Belling, 1929) . For squash preparation, a single
anther was placed in a drop of aceto-carmine solution placed on a slide .
The content of the anther was squeezed out . The debris was removed
and the pollen-mother cells were brokenup by stirring with a needle . A
cover slip was placed on the top of the drop, and the slide was heated
gently over an alcohol burner until it was warmed enough but not
boiling . The slide was then pressed vigorously between several layers of
paper towels, taking full care not to move the cover slip . Meiotic plates
were microscopically studied. Abnormalities were recoded and
phtotomicrographs were taken for the 1st and 2ndL meta-anaphase and
telophase in the pollen mother cells for each treatment .
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2. Pollen Sterility

The pollen grain sterility was determined by staining with aceto-
carmine . The unstained pollen grains were considered sterile ( Khanna
and Chaudhary, 1970) .

B. Mutations occurred

All mutations which occurred in M2 generation were recorded .

Results and Discussion
1. Cytological studies

a. Stickness chromosome or Clumping
This type of abnormalities was observed in both Mi and M2, as a

function of gamma irradiation . It was much higher intense in M2 than
Mi ( Table 1). Also, stickiness was observed at metaphase 1 with either
lightly or highly occurrence ( Figs. 1, 2, 3). At metaphase 1 chromatin
clumps formed by chromosomes were of different sizes and were freely
dispersed through the cytoplasm forming sticky chromatin . During the
process of transformation from metaphase 1 to anaphase 1, the clumps
gradually resolved into individual chromosomes . As the time elapsed,
anaphase 1 was fully set, it appeared more or less normal . The two
poles of some cells were varied in the chromosome masses of variable
number. Stickiness was much intense in anaphase 1 rather than
metaphase 1 . Also, individual chromosomes in a mass could discerned
at this stage .Meanwhile, stickness were still presented in some stages of
pollen mother cells ( PMCs ), as shown in Figs. 4 and 5.

These results are in harmony with Popove and Nushikvan, 1973 ;
Rao and Rao, 1977; Jayabalan and Rao, 1983).

Fig . 1 . : First Metaphase : Stick chromosomes . Normal First Metaphase



Fig .2.: First Metaphase :

Light or Partial sticky chromosomes

Fig .4.: First Ana phase :
Persistent stick of chromosomes .

Fig .3.: First Metaphase :
High or complete sticky chromosomes .

Norm MI First Ana phase

Fig .5.: Second Metaphase : Persistent stickiness of chromosomes .



Table (1): Percentage of abnormalities in the meiotic stages of PMCs
for the three tomato varieties in Mi and M2 generations,
after seed irradiation.

Varieties

Variety

(1)

Variety

0

Variety

(3)

Generations

C
Ml

M2

C

Ml

M2

C

Ml

M2

Chromosomes phenomena

Stickness

%

-

22.08

27.26

-

34.89

37.%

-

30.94

34.05

Lagging

%

0.4

49.28

41.92

-

26.60

21.51

0.014

3617

28.17

Disturbed

%

0.05

17.38

18.19

0.36

17.41

17.74

-

20.00

20.02

Bridge

%

-

7.31

6.94

-

10.97

11.00

-

7.39

11.60

Micnnclei

%

-

3.%

5.69

-

10.13

11.79

-

5.50

6.10

Pollen

sterility

%

1223

27.22

38.00

3.75

19.50

26.22

16.91

34.88

47.29

PMCs = Pollen mother cells

b. Lagging chromosomes

It seems from Table (1) that the formation of laggards could be
observed very slightly in the check plants of both (1) and (3) varieties .
Whereas, no laggards had been discerened . Also, the imparity in the
formation of delayed chromosomes was great between varieties . For
instance, the highly percentage of laggards had happened in var.(l)
followed by (3) and (2) varieties . Meanwhile, tangible variation in
lagging chromosomes was observed in both M] and M2 generations .
They were obviously existed in M\ much more than M2 . All the three
varieties were coincided in this conclusion . Whatever the cytological
reasons of forming laggards or delayed chromosomes, the orientation at
the equator or irregular separation to the two poles might cause the
existence of chromosomes in univalents and / or the disharmonious
effects of gene arrangement and other alteration of chromosome
normality in these genotypes (Fig. 6, 7, 8) . Laggards had been
occurred at other stages in the presence of micronuclei . It was affirmed
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Fig .6.: First Metaphase : lagging chromosomes.

Fig .7. : First Anaphase : lagging chromosomes.

Fig .8. : Second Metaphase : Persistent lagging chromosomes.
Normal Second Metaphase



that laggards were existed in tomato as a function of gamma rays ( Rao
and Rao, 1977; Jayablan and Rao, 1983 ) .

c. Chromatid bridges

Data in Table (1) show that chromatid bridges resulted in M2 much
more than M| in the three cultivars. The least percentage of chromatid
bridge had occurred in variety (1), comparing to the two other varieties,
Anaphase bridges resulted from the union of centric segments of
broken chromosomes ( Fig. 9), and this might be due to the inversion of
one or more chiasma in the inverted region (Lesley, 1950) . Chromatid
bridges were observed in tomato (Yagyu and Rosalind, 1957) after
irradiation treatment .

d. Micronuclei

The incidence of micronuclei were found in both Mi and M2 of the
three varieties . M2 was the highest in this respect . Also, variety (2)
gained the highest percentage of micronuclei, while var. (1) gained the
lowest (Table 1) . The incidence of laggards resulted in the presence of
micronuclei ( Figs. 10, 11) . The rest of meiosis was completed and
pollen sterility was formed through micronuclei resulting from
persistent laggards which were found in some cases (Fig. 12) . This
conclusion was in harmony with that of Rao and Rao, 1977

e. Disturbed chromosomes

As shown in Table (1), the disturbed chromosomes were absolutely
absent in the mother plant of var. (3) . Whereas, they were increased
slightly in the similar plants of var. (1) and var. (2), successively.
Gamma irradiation caused much disturbed chromosomes in both M\
and M2 of the three cultivars . M2 was the superior in this respect . Also,
they were observed frequently in var. (3) than the two other varieties
(Fig. 13) . This was in harmony with Kalloo, 1972 .

f. Pollen sterility

It was highly occurred naturally in variety (3) much more than the
two other varieties, while, the minimum sterility was concerning to var.
(3) than the other varieties (Table 1) . This conclusion was in agreement
with Scarascia Venezian, 1967; Kalloo, 1972; Zagorcheva and
Lordanov, 1976; Rao and Rao, 1977 and Jayablan and Rao, 1983 .
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Fig .9.: First Anaphase Bridge .

Fig .10.: Micronucles at Second Metaphase .

Fig .11.: Micronucles at Second Anaphase .



Fig .12.: Multinuc'eated ceii

Fig .13.: Disturbed orientation at First Metaphase
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2 . Major mutational changes .

A number of mutants were obtained in the M2 generation . They
were described as follows:

a. Dwarf stem

Dwarfed plants ( 20 cm. long ) were obtained in the M2 generation
of the three varieties. The frequency was 1.67%, 1.39% and 2.5% within
the varieties 1, 2 and 3, respectively . The same conclusion was also
reported by Hvostova et al., 1962; Polacek and Prispevek, 1967; Selim
et al., 1973 .

b. Non-branching

A complete absence of lateral branches was observed on some
mutant plants in the M2 generation . The frequency of this mutation was
1.25%, 1.05% and 1.43% for varieties 1, 2 and 3 , respectively . The
same conclusion was obtained by Antoun, 1980 .

c. Sterility

A number of sterile mutants were recorded in M2 generation . The
frequency of the sterile mutants was 2.22% in both vars. ( and 2) and
4.23% in var. (3). This was in harmony with that obtained by Kalloo,
1972 and Choi, 1976 .

d. Fruit weight

Variation in fruit weight were obtained as a result of the mutagenic
treatment in the M2 generation in both vars (2 and 3) . The fruit weight
of the control plants ranged between 40 - 120 g/fruit with an average of
80 g for var. (2) . Meanwhile, the range was 50 - 140 g / fruit with
average of 95 g. for var. (3) .

Mutant of fruit weight in the M2 ranged between 150 - 270 g/ fruit-
with an average of 210 g / fruit, and was distributed with the following
frequencies 8% for var. (3) and 2% for var. (2) . Brezhnev and Tagmaz
Yan, 1971; Polyanskaya, 1974 obtained similar mutants after irradiating
tomato seeds .
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