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EFVECTS OF GAMMA IRRADIATION ON THE AMING ACID LEVELS
IN NORMAL AND OPAQUE-2 MAIZE (ZE4 MAYS L.) SEEDLINGS. !

JAVED IQBAL? ANT) MILAN KUTACEK

Insiitute of Experimental Botany, Vokovice, Ke dvorn 15116, Prague-6,
Crechoslovakia.

Abstract

Seeds of a hybrid com Wﬁh normal genotype and of opaque-2 genotype were uradiated at
0 200 Gy (10 mGy= 1 rad) of © ( o gamma irradiation. The free and bound amino acid levels of
these two genuwiypes were compared from shoots of 10 days old ceedlings.

In control secdlings totals of free and bound amino acid levels were significantly higher in
opague-2 genntype in comparison with ihe normal genotype. Following exposure, the free amino acid
tevels of the normal genotype did not show anv significant vadiation dependent increase or decrease,
while in opague-2 genotype the total levels o1 free anuno acids showed a significant incrrease at all
exposures. n bound amino acds, on the other hand, signiticant increase in total levels was obeerved
in normal genotype at all exposures, while in opague-2 genotype decreuses were observed ar all
espuosures, except for 100 Gy Based on these observations opague-2 genotype appews 1o be more
radiosensitive than the nomwal maize.

The res
biosynthesis of the two genotypes

lis are discussed in relation to the genetic differences in the wmechanism of protew

Introduction

Radiosensitivity of a plant 1§ influenced by biological, environmental and radiclo-
gical factors (Gunckel & Sparrow, 1961} Among different species nuclear and chromoso-
mal variables, morphological organisation and physiological and biochemical state of the
organism have been successfully correlated with radiosensitivity (Sparrow, Schwemmer &
Bottino, 1971). However, relatively little work has been done on the response of diffe-
rent varieties of a species to radiation. partly perhaps due to the erroneous assurmption
that they comprise one sewsitivity group (Soriano, 1971). Comparison among varieties of
barley (Mikaelsen, & Brunner, 1968). tomato {Bianchi, Marchesi & Soressi, {963), pea
(Moot & Donnini, 1968}, soybean {(Ukai & Yamashita, 1968}, rice (Soriano, 1971)
and wheat and sorghum {labal, 1980) showed variations in response to irradiation among
different genotypes indicating the influence of geneuc faciors on adiosensitvity. Since
varieties in a species may differ in relatively few hereditary traits, differences in theis
radiation response may be associated with a factor(s) governing such irait(s).
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The present work was therefore conducted to compare the radiosensitivity of two
genotypes of maize (normal and opaque-2). The parameter 1o assess radiosensitivity was
the effects of radiation on the concentrations of free and bound amino acids, as it is in
the amino acid composition where basic differences w these two genorypes are found

Materials and Methods

For plants with “normal”™ nitrogen metabolism, a hybrid named Ceje (A 320x B
320) X (CE 218 x CE pt) from the Plant Breeding Station was chosen, Maize rich in
essential amino acids represented the line S, ol opaque-2 genotype derived from opaque-
2 synthetic population, homozygous for the recessive mutant opaque-2 gene.

Irradiation and growth conditions. Seeds of normal genoiype and of opaque-2
genotype were equiliberated 1o a seed moisture content of 10.8%. Seeds ¢f both geno-
types were exposed to Y9Co gamma rays in a Gamma-Cell 220 (Canada Limited). The
seeds were irradiated at room temperature with doses of 0, 50, 100 and 200 Gy
(1 Gy=100 rads). The dose rate was 10 Gy/31. 8 sec. Two seperate, independent and
complete irradiaions were conducted.

For amino acid analysis, conwrol and irradiated seeds were allowed to imbibe
distilled water for 6 hours, and ther gernunated on cotton wool saturated with distilled
water for three days in dark in a climatic room at 229¢ £ 2°C. Germinated seeds were
grown for seven days under uninterrupted fuorescent light (1000 Lx).

Deternination of free and bound amino acid levels. The amino acids were deter-
mined from shoots of 10 day old seedlings from both genotypes on an automatic amino
acid analyser type 6020 (A product of Development Workshop of Crechoslovak Academy
of Sciences). The extraction of free and bound amino acids from planis of the two
genotypes and other experimental details were carried in a manner veported in an earlier
study (Igbal, Kutacek & Jiracek, 1974).

Results

The free and bound amino acids levels of shoots in ten day old seedlings of
normal genotype (+/+) and opague-2 genoiype { ﬂzf’(‘ﬂzp are given in Tables 1 and 2.

(iy Free amino acids. The total levels of {ree amino acids in opaque-2 at 0 Gy are
significantly higher when compared with the normal genotype. The increase in total leve]
is primarily contributed by increases in levels of lysine. hintidine, chreonine, glutamic
acid, glycine, alanine and tyrosine (Table ). Further, in opaque-) shoots a gradual
increase i free amino acid levels is observed with increasing radisvion dose. The maxi-
musm increase being at the highest exposure of 200 Gy {Table 1). In normal maize no
significant increase either in any individual amino acid or in total levels was observed at
any of the exposures, rather a significan{ reduction in total amino acids level was obser-
ved at 100 Gy (Table 1).
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(ii} Bound Amino acids. Comparison of bound amino acids m normal and 0pa-
que-2 genolypes, shows that at this early phase of omtogenesis there are changes in the
fevels of several amino acids in opagque-2. For example, amino acid tryptophan, histidine,
aspartic acid, threonine, alanine and cysiine are significanddy higher in opaque-2. How-
ever, there is a substantial decrease in lovels of arginine, gluiamic acid, methionine and
leucine in opaque-2 in compansor with normal mawe {Table 2).

Contrary to the observations on [ree amino acids, the post-irradiation levels
{total} of bound anuno acids in shoots of normal genotype were higher at all exposures
{details eported in a previous report: fybal, Kuracek & Jiracek. 1974), In opaque-2,
on the other hand, werease in total level of amino acids was observed at 100 Gy only.
winie ai 150 and 200 Gy a decrease occured { Table 2). Increase in total level at 100 Gy
was significant and was mainly conwibuted by increases in lev s of aspartic acid. threo-
nine, glutamic acwd, prolive, alanine, valine, wo-leucme, loucine and tyrosine (Table 21

Discussion

Maize of the opague-2 genotype containg substantially more essential amino
acids than the normal mawe. The differences in the composition of the amino acids
appear in the corn endosperm (Mertz, Bates & Nelson, 1964}, Very Lirtle is known about
the composition of amine acids in gerrunating and young secdlings, though differences
in the amino acids composivon ai eurly ontogerue phase are reporied {Sevcenko &
Agafonov 1971}, The present investigavion. conducted on 10 day old seedlings of opague-2
and normal genotype Cege, conflems the observation of Seveenko & Agafanov {(1971), as
significanily higher levels of free and bound amine acds were found i opague-. A
in compartson with the normal genotype {(Tables | and 2. These difverences in the amino
acud levels are atwibuted to ditterences in the nuvogen metlabolism (Joliver et af, 1970)
and more active transamination processes m the seedlings of the two genotypes (1 anger,
Stransky & Kutacek, 1975)

4

¥

Following gamema srradiation the response of the two genotypes varied consider-
ably. In normal gesotype ot all exposures an increase in bound amino acid levels was
observed, an indication of an induced protemn synthesis {Tgbal, Kuvacek & Jiracek, 1974,
while in opague-2 a decrease at all exposures was observed (excepr for an increase ai 100
Gy). From ihis it appears that the mechanism of protein biosynihesis in opuaque-2 geno-
type is more radosensitive than the normal malre. This conclusion is substantiated by the
observation that in shoots of opaque.l the levels of free ammo acids showed a linear
increase with increasing exposures, This could result when the free amino acids are not
being incorporated m the porteins, thereby showing a decrease in the concentrations of
bound aminoe acids,
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