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Abstract

Irradiation of Ephestia cautella (Walk.) full grown male pupae with
substerilizing doses (150 and 250 GY) reduced deoxyribonucleic acid
(DNA) and ribonucleic acid (RNA) content in male parents (P) and also in
males and females of F1 and F2 progenies. Irradiation of full grown male
pupae with 250 GY increased total protein content in parents, while de-
creased it in their F1 and F2 progenies. The reduction of both nucleic ac-
ids and total protein was higher in F2 progenies than F1 progenies
than P.

Irradiation of full grown pupae with 150 and 25 GY induced inher-
ited sterility, F1 males were more affected than F1 females. The possibil-
ity of correlation between the reduced number of progenies and the re-
duction of nucleic acids and total protein have been discussed.

INTRODUCTION

The almond moth, Ephestia cautella (Walk.) is one of the serious pests of stored
grain products. The control of lepidopteran pests by the sterile insect release tech-
nique (SIRT) has received much attention, and some results appear promising (Brower
and Tilton, 1975). In Lepidoptera, the F1 progeny of an irradiated male with substeriliz-
ing doses have a greater degree of sterility than treated parents and more competitive

with native moths than sterilized ones (El-Shall et al., 1997).

In insects, coded genetic information is contained in deoxyribonucleic acid (DNA)
molecule, it carries them from cell to cell and from generation to another. It is known

that DNA molecule does not participate directly in the process of protein synthesis or
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formation of genetic characters including the ability to reproduce, but employs differ-
ent types of non-genetic ribonucleic acid (RNA) molecules for carrying its genetic infor-
mation from the nucleus to the site of protein synthesis, i.e., ribosomes (Verma and

Agrawal, 1985).

The present study was, therefore, conducted to determine the changes in the
content of DNA, RNA and total protein in male parents and their progenies after treat-
ment of E. cautella pupae with substerilizing doses (150 and 250 GY) of gamma irradia-
tion. This might explain the biological damage produced by irradiation as represented

by reduced number of progeny and apparent sterility inherited to filial generations.

MATERIALS AND METHODS

The test insects were taken from a laboratory culture of E. cautella that were
maintained at 27+2°C and 65+5% R.H. and reared on a diet composed of 1 kg crushed
wheat and 16 ml glycerin. The last instar larvae ready to pupate were collected, sexed
and introduced into pupation rolls composed of corrugated cardboards. Full grown male
pupae were irradiated with 150 and 250 GY in a 60Co gamma cell at the Technology
Atomic Energy Authority using a dose rate of 2.3 Gray/min. Newly emerged male
adults were allowed to mate with untreated females and oviposit in inverted jars with
screen bottoms. Eggs which fell were collected daily. Five replicates were used for each
dose level and the control (three pairs for each replicate). Samples of 100 eggs were
placed in 1.3 liter jars containing standard diet and reared at the conditions mentioned
before. The number of emerging F1 progeny was recorded for each 100 eggs. One day
old F1 adults were selected for the following combinations: untreated (U) male x U fe-
male; F1 male x U female; U male x F1 female. The total number of F2 progeny from

each 100 eggs was counted.

DNA, RNA and total protein content in male parents (P) irradiated as pupae with
150 and 250 GY and in males and females of the first and second generations (F1 and
F2) were evaluated. The method described by Ceriotti (1952) was used for the deter-
mination of DNA content, RNA were determined according to Ceriotti (1955) and total

protein content was determined by the method of Bradford (1976).
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T-test at P<0.01 and F-test at P<0.05 were used to evaluate the significance of

the results.

RESULTS AND DISCUSSION

The effect of gamma irradiation on the number of the F1 and F2 progenies is
presented in Table 1. The data showed that the higher irradiation dose gave the high-
est reduction in the number of progeny. When the male parents resulting from irradia-
tion of pupae with 150 and 250 Gy mated with unirradiated females, the number of F1
progeny/100 eggs was significantly decreased to 27.5 and 20.4, respectively, while it
was 75.0 in the control. The number of F2 progeny produced by F1 progeny from irra-
diated P males was significantly reduced than that of F1 progeny. Also, the reduction
was more pronounced in F1 males than F1 females. For example, the number of F2
progeny from F1 males was 15.1 and 4.9 progeny/100 eggs, while F1 females pro-
duced 21.8 and 13.0 progeny/100 eggs at 150 and 250 GY, respectively. The previ-
ous studies on lepidopterous insects reported by Shontharam et al. and EI-Shall et al.
(1997) implicated irradiation as a sterilizing agent, as weli as causing causes genetic
changes. This might be due to its ability to induce mutation within chromosomes or the
so-called chromosomal aberration, or within a gene or cistron of the DNA molecule.
These changes may be include changes in the amount of DNA. Table 2 shows that
when male parents were irradiated as pupae with 150 GY, the DNA content was insig-
nificantly decreased, while at 250 GY it significantly decreased (P<0.05) than in the
control. For example, when malé pupae irradiated with 150 and 250 GY, DNA content
reached 3.8 and 3.7, respectively and that of the control was 3.87. There was a signifi-
cant decrease in DNA content in F1 and F2 progenies, but the reduction was higher in
F2 progeny than in F1. The F1 females were less affected than the F1 males and the

reduction of DNA content was directly proportional to the dose.

Verma and Agarwal (1985) reported that when chromosomes and their DNA are
being struck by the ionizing photons or particles or they react with diffusing free radi-
cals produced by radiation, then various abnormalities may occur in them. A single nu-
cleotide in a triplet codon of a gene might be lost or deleted (deletion mutation) or
added (insertion mutations). The poly-sugar phosphate backbone of DNA may be brok-

en which might ultimately lead to chromosomal mutation such as breaks, deletion, addi-
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Table 1. Average number of adult progeny/100 eggs of E. cautella from male parents

(P) (treated as full grown pupae), and F1 generation mated with the opposite

sex.
Crosses Mean no. of adult progeny/100 eggs
Control 150 GY 250 GY
NG xN@Q

IPxUgQ 75.0 aa 27.5 ab 20.40 ac
(63.31)* (72.8)*

F1d xUQ 76.4 aa 15.10 bb 4.9 be
(80.2)* (93.6)"

Ug x F1 75.2 aa 21.8 ¢b 13.0 cc
(71.0)* (82.7)*

| = irradiated: U: Unirradiated; Q : Female; & : Male; F: Filial generation of | & x U @ ; N: Normal
* Means followed by the same letter are not significant (T-test; P>0.01).
The first letter for the significance within column

The second letter for the significance within rows.

Table 2. Effect of substerilizing doses of gamma irradiation on DNA content of E. cau-

tella male parents (P), F1 and F2 progenies treated as full grown pupae.

Dose (GY) Crosses Mean DNA content (pg/insect)
Male Female
Mean (ug/M) Relative % Mean (ug/M) Relative %
0 Ugd xug@ 3.87 a 100 4191 a 100
13 P1 30.80 aa 98.2 - -
150 13xUQ Fi 3.20 bb 82.7 4.18 ba 85.1
F1dxUQ F2 242 cc 62.5 3.22 cb 65.6
Ud xF1Q F2 2.85 dd 75 3.81 dc 77.6
I 8 P1 3.70 ba 95.6 - -
250 I3 xU @ F1 3.00 ¢cb 77.5 4.00 ba 81.5
Fid xUQ F2 2.11 dd 54.5 3.04 cb 61.9
UdxF1Q F2 2.47 ee 63.8 3.61 dd 73.5

- The first letter for significance within column between control and 150 GY (P, F1, F2) or be-
tween control and 250 GY (P1, F1, F2) (F-test P>0.05; Duncan’s)
- The second letter for the significance between the two doses 150 and 250 GY (T-test P>0.05).

Relative % = Treated/Control %.
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tions and translocation.

The heterozygous translocation is of a significant value, since it produces semi-
sterile organisms. Proshold and Bartell (1973) reported that biological differences be-
tween the F1 progeny and the control were caused by chromosomal rearrangements.
More complex translocation per irradiated sperm would occur in the F1 progeny and

thus increasing the level of sterility and reducing the number of F2 progeny.

On the othe'r hand, Chapman (1982) stated that the repeated cell divisions in
the testes entail the synthesis of large amounts of DNA and RNA. It is known that DNA
molecule acts as a template for the synthesis of different RNA molecules which copy-
down the coded genetic information of DNA molecule during DNA dependent synthesis
(i.e, transcription). The present study was, therefore, extended to show the effect of
gamma irradiation on RNA content. The results in Table 3 demonstrated a significant
decrease in RNA content in male parents, F1 and F2 progenies. The reduction was more
obvious in F2 progeny than F1 than P. Male progeny was more affected than female
progeny. Similar results were obtained by Fadel et al. (2000). Thus, it could be con-
cluded that gamma irradiation caused inhibition of DNA and RNA synthesis, which was

directly proportional to the dose.

The process of synthesis of proteins involves one of the central dogma of molec-
ular biology, which postulates that genetic information flows from nucleic acids to pro-
tein. Table 4 shows that there were insignificant differences in total protein content
between normal and male parents irradiated as pupae with 150 GY. The dose of 250
GY caused significant increase in male parents. El-Bermawy et al. (2000) suggested
that irradiation may activate some genes which produce different types of proteins.
However, data in Table 4 indicated that total protein content decreased in F1 and F2
males and females. The highest effect was observed in F2 progeny produced from F1
males. Sobeiha et al. (2000) found that the amino acid content of gamma irradiated
Spodoptera littoralis was greatly affected. The relationship between inhibition of nucleic
acids, proteins and sterility was revealed by LaChance and Leverich (1968) they con-
cluded that inhibition of DNA synthesis in nurse cells may impede endomitotic replica-
tion of chromosomes and thus may affect vitellogenesis. It appears, therefore, that due

to deficiencies of protein, the oocyte fails to synthesize enough yolk, the eggs do not
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Table 3. Effect of substerilizing doses of gamma irradiation on RNA content of E. cau-

tella male parents (P), F1 and F2 progenies treated as full grown pupae

Dose (GY) Crosses Mean RNA contents (pg/insect)
Male Female
Mean (ug/ 3) Relative % Mean (ug/ @) Relative %
4] ugxuge 8.49 a 100 16.11 a 100
13 P1 7.94 aa 93.5 - -
150 13xUQ F1 6.78 bc 79.9 15.08 ba 93.3
F1gxuU@ F2 4.90 cd 57.7 12.57 eb 78.6
Ugd@xF1 @ F2 5.30 de 58.1 14.00 dc 86..9
I3 P1 6.14 bb 70.9 - -
250 IdxU @ Fi 5.40 cc 66.9 13.90 bb 86
F1gdxU@ F2 4.00 dd 47.9 10.89 cc 67.6
UdxF1@ F2 4.85 ee 58.9 11.81 dd 73.3

- The first letter for significance within column between control and 150 GY (P, F1, F2) or be-
tween control and 250 GY (P1, F1, F2) (F-test P>0.05; Duncan’s)
- The second letter for the significance between the two doses 150 and 250 GY (T-test P>0.05).

Relative % = Treated/Control %.

Table 4. Effect of substerilizing doses of gamma irradiation on the total protein content

of E. cautella male parents (P), F1 and F2 progenies treated as full grown pu-

pae
Dose (GY) Crosses Mean total protein content (pg/insect)
Male Female
Mean (pug/ &) Relative % Mean (ug/ ) Relative %

0 UugdxugQ 149.1 a 100 318.5 a 100
18 P1 1471 aa 98.6 £ g

150 IgdxUQ F1 136.5 bb 91.5 259.6 ba 81.5
F1dxUQ F2 87.3 cc 58.5 155.9 cb 48.9
U xF1 @ F2 109.2 dd 73.2 212.4 dc 66.7
13 P1 159.2 bb 106.7 = -

250 I3dxU @ F1 128.5 cc 86.1 230.0 bb 72.2
F18dxUQ F2 72.1 dd 48.3 141.4 cb 61.5
U3 xF1g F2 91.44 ee 61.3 158.5 dd 68.9

- The first letter for significance within column between control and 150 GY (P, F1, F2) or be-
tween control and 250 GY (P, F1, F2) (F-test P>0.05; Duncan’s)
- The second letter for the significance between the two doses 150 and 250 GY (T-test P>0.05).

Relative % = Treated/Control %.
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develop and uitimately lead to reduction of number of eggs laid per female.

The present study showed that the male parents which were irradiated as pupae
with substerilizing doses of gamma irradiation, can produce more sterile filial genera-
tions. The inherited sterility is suggested to be due to mutation at the chormosomal or
DNA molecule level which was manifested in this study by reduction of the amount of
nucleic acids. This reduction could be reflected upon protein content as well. Whether

these proteins are enzymes or not, their reduction ultimately lead to such sterility.
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