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MUTAGENIC EFFECT OF MALATHION IN BARLEY!?
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ABSTRACT

The cytological ¢ffects of malathioa are explored in barley and compared with those
of N-mrhyi-N'-aitro-N-nitrosoguanidine (MNNG). The chromosomal abaormalities
noticed at m:tiphase include fragmeats, ring chromosomes, stickv chro.cosomes. lag-
ging chromoson=s and bridges. A few cells with increased number of chromosomes
were also noticed.  Uaivaleats and maultivaleats were noticed at metaphate-I.  Ama-
phse-l and subsequeat stages of meiosis were also irregular.  In the M, generation,

chlarophyll mutants were observed.

INTRODUCTION

We are screening the mutagenicity
of pesticides employing chromosome ab-
errations (mitotic and meiotic) and ch-
lorophyll mutations in barley as the
parameters (Grover and Tyagi, 1979,
1980 a, b). The present report deals
with the mutagenic effects of malathion.

MATERIALS AND METHODS

Barley (Hordeum vulgare L.) grains
were treated with malathion (S-1, 2-bis
(emoxycarbonyl) emvl  0,0-dimcthyl
phosphorodithicate) nitro-N- and a
known chemical mutagen N-methyl-N'-
nitro-N-nitrosogua-nidine  (MNNG) as
a positive control. The procedure of
Wuu and Grant (1967) was adopted
for treatment. The seeds were pre-
soaked in water for 16 h at 25°C and
trecated for 4h with various concentra-
tions of malathion (0.05Y%,, 0.1, 0.25
%, 0.5%, and 19%). The preparations
were made in phosphate bufler (pH
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7.0). During the treatment, the iasks
were continuously shaken on SH, hori-
zontal shaker {Ganson Pvt. Ltd., Bom-
bay). The grains were treated with a
non-lethal concentration of MNXNG 0.01
%) for 4¢h. A supplementary treatment
of MNNG (0.0183) for 4h to each group
of malathion treated grains and a 4b
trecatment of cach Jdose of malathion
to MNNG treated grainy, was also
administered.

The effects of cach treatment were
also estimated on grains germination,
chromosomal changes and chlorephyll
mutations.

Grain germination? Aler cach treats
ment, the grains were thoroughly was-
hed in running water and put in 10 ¢m
petri plates lined with  blotting sheet
and kept in incubator at 23°Q. The ger-
mination count was made after 72 h
The emergence of coleoptile was taken
as the criterion of germination.  The ex
periment was run in tiplicate and re-
peated twice, Two hundred grainy per
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treatment after thoroughly washing in
running water, were sown in | m
xl m soil beds.

Cytological studies:

Mitotic : For mitotic studies, the
grains were germinated as mentioned
above. The root tips were taken at an
interval of 24 h and treated with 0.0029
M 8-hydroxyquinoline for 2h at 15°C.
After this trcatment, the root tips was-
hed with distilled water for 6-8 times
and then fixed in freshly prepared Far-
mer’s fluid (1 glacial acetic acid : 3
cthyl alcohol) and squashes were pre-
Pared according to the method of Dar-
lington and LaCour (1962) employing
aceto-orcein stain. Approximately 250

cells from at least ten root tips were

scored to determine the frequency of
aberrant cells. Care was taken to
exclude incomplete cells so as not to
have any confusion regarding an aneu-
ploid cell. The slides were scored at
random. The experiment was repeated
and the resulting data were pooled to
calculatc mean percentage frequencies
of anomalies.

Meiotic : For meiotic analysis, the
suitable inflorescences were fixed in Car-
noy’s (6:3:1) solution for at least 24 h.
Anthers were smeared in aceto-carmine
- per schedule of Darlington and LaCour
(1962). The analysis was made at me-
taphase-I, anaphase-I, telophase- T and
II. Wherever possible, analysis was
made from approximately 300-400
PMCs from 5 different plants of each
treatment.

Chlorophyll mutants : Seeds from each
plant of M, were collected separately,
Seeds from 7-10 randomly selected fami-
lies were sown according to one plant-
one row method and chlorophyll mu-
tants were screened at seedling stage

which were identified and classified ac-
cording to Gustalsson (1940),

RESULTS

Germination : The effects of mala-
thion on the seed germination are shown
in Fig. 1.
of sced germination with increasing con-
centrations of pesticide was noted,

Mitosis : The squash preparations
from root tips from control material re-
vealed 14 chromosomes at metaphase.
The subsequent stages were normal. No

instance of chromosome aberration was
found.

The treated root tips revealed aber-
rant chromosomes at metaphase and
subsequent stages were also anomalous.
Chromosomal aberrations include sti-
cky chromosomes, despiralization, frag-
ments, ring chromosomes, aneuploid and
polyploid cells, laggards and chroma-
tin bridges.

The frequency of aberrations is
shown in figure 2. The maximum fre-
quency of 22.339% of aberrant cells was
noticed with 19, of malathion. An in-
crease in aberration frequency was no-
ticed following supplementary treat-
ment of MNNG.

Meiosis : Tn untreated plants, seven
bivalents were consistently observed at
diakinesis and metaphase-I. The chro-
rmosomes separated regularly at anaphase
and the subsequent stages were normal.
Meiotic analysis of malathion treated
plants carried out at metaphase-I reve-
aled the presence of univalents and
quadrivalents. Rarely, bivalents of
unequal size indicating deletions were
also noticed. The mean pairing varied
with different concentrations. The ir-
regularities at anaphase-I include une-
qual separation, laggards and chroma-
tin bridges. Rarely, micronuclei were
also seen at telophase-II. The failure

A reduction in percentage
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Fig. 2. Relationships between - chromosomal aberration (mitotic) and various concentrations

of malathion and MNNG.

of cytokinesis was also noticed in al-
most all the treatments. The frequency
of chromosomal aberrations is shown
in Fig. 3. No qualitative difference was
noticed in the combined treatment of
malathion and MNNG. The supple-

mentary treatment of MNNG enhan-
ced the aberration frequency.

Chlorophyll mutants: The spectrum of
chlorophyll mutants includes xantha,
tigrina, maculata, alboviridis, chlorina
and viridoxantha (Fig. 4).
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DISCUSSION ol micronuclei seems to he the outcome

The reduction in the germination
following malathion treatment is in con-
formity with other such studies (Wuu
and Grant, 1966: Geoiryge ¢t al., 1970).
The combined treatment revealed that
the action of malathion and MNNG is
of synergistic in nature. It has been
suggested that endogenous growth regu-
lators play an important role in the ger-
mination of seeds and therc exists a
“balance” Dhetween promoters and in-
hibitors (Aman, 1968}, It is probable
that such a “‘balance” is disturbed
following treatment with malathion.

The chromosomal aberrations no-
ticed following treatments include frag-
ments, incrcased number of chromo-
somes, chromatin bridges asd laggards.
Pesticides induced chromosomal aber-
ration is known in a number of cases
{Grever and Tyagi, 1980a,b). The in-
creased number of chromosomes ascrib-
cable to induced disturbances in the
synthesis of proteins, is in accord with
the obscivations of Skorpuska (1975)
who reported similar result in  Pisum
following treatment with phenyl car-
bamates. The presence of hoth single
and paried bridges suggests the occur-
tence of both chromatid and chromo-
some breakage (Sax, 1940). This ob-
servation is in accord with similar
observations made by a few workers
‘Das ctal., 1978; Grover and Tyagi,
1980a: Oku, 1976 ; Wuu and Grant,
1966). The presence of micronuclei
may be attributed to the exclusion of
acentric fragments during nucleus for-
Mation, (Clowes, 1964,
19715.

The occurrence of an appreciable
dt'g_rcc of univalents at metaphase-],
their random distribution on the spin-
dle, non-disjunction and the formation

Ravindran,

of some disturbances during pairing
of  homologous chromosomes. Grover
and Tyagi (1980h) noticed pesticide

induced  disturbed  meiosis in barley,
It seems, univalents from par-
tial or complete lack of homologue
chromosome pairing. Such partial or
complete lack of chromosome pair-
ing may be attributed to various ca-
uscs such as genc mutation, chromo-
some breakage, the influence of envir-
onment and cryptic structural changes
(Jain and Basak, 1965: Maguiri, 1966).
In the treated plants, multivalents were
encountered in low frequency, which
may be due to low [requency or of re-
covery of cells with a few translocated
segments.  Other types of abnormali-
ties roticed are the laggards, bridges,
ragments  and  spindle inhibition.
Amer and Ali (1968, 1974 noticed sti-
ckiness, lagging chromosomes and ana-
phasc bridges in PMCs ollowing ticat-
ment with phenols and herbicides. Such
abnormalitics following pesticide treat-
ment have also heen noticed by other
workers (Wuu and Grant, 1967; Grover
and Tyagi, 1980h).

Bridges at meiotic anaphase sug-
gest the possibility of chromosome ha-
ving inverted segments. However, as
most of the bridges were unaccompa-
nied by fragments, the probability of
the formation of bridges due to inversion
is remote. Bridges may also result due
to the failure of terminalization of
chiasmata in a few cells.

The combined treatment altered the
chromosomal aberration frequercy.

The authors are not aware of am
study undertaken to unravel the interac-
tion of mutagen and pesticides. The
present result may be auributed either
lo some synergistic reaction  between
MNNG and malathion or both of these

arise
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may be acting on the same or similar
site for its radiomimetic action.

Chlorophyll mutants: The detailed stu-
dics carried out to estimate the chloro-
phyll mutants induced hy pesticides
arc very limited. Recently, Grover and
Tyagi, (1979) reported the induction of
albina, xantha, and tigrina mutants in-
duced by a few pesticides. The present
study rcvealed that tigrina and macu-
lata werc the most frequent mutants.
The variable frequency at different do-
ses suggests that action of pesticide in
induction of chlorophyll mutants is ran-
dom and there may be a number of
sites, whose mutability may lcad to a
distinct kind of mutant.
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