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Abstract

The present study was conducted to evaluate the effect of

gamma irradiation on certain biological aspects of the cotton

leaf worm Spodoptera littoralis (Boisd.). Laboratory

experiments were carried out to investigate the effect of the

substerilizing doses of 0, 50, 150, 250, 350 and 450 Gy of

gamma irradiation (cobalt and cesium sources) on different

generations of Spodoptera littoralis irradiated as pupae to

study the inherited sterility. A dose level at 450 Gy completely

inhibited full pupal development, but the emerged adult at the

dose 350 Gy did not lay eggs, whether they were combined

with non-irradiated or irradiated individuals of opposite sexes.

The produced adults (P) showed increasing sterility with

increasing the irradiation dose. While, their fertility, fecundity,

pupation percent and adult emergence were found to be

reduced in the parents followed by F1, but increased in F2. In

all cases, sex ratio was shifted in favor of males.

A significant negative relationship between dose levels and

percentage of egg hatching was obtained; [the higher the dose,

the lower the percentage of egg hatching]. The percentage of

egg hatching resulting from irradiated male pupae was higher

than that resulting from irradiated female pupae. Females were

more sensitive for irradiation than males.



Cobalt irradiation source was more effective than cesium

source.

The effect of gamma irradiation on the DNA pattern of

adult male parents, F1 and F2 showed alterations among the

controls, the treated parents, F1 and F2 individuals. Exposure to

irradiation caused very frequently the appearance of some

extra bands and the deficiency of others in the RAPD- PCR

and ISSR amplification pattern of the irradiated insects. The

appearance of extra bands was attributed to the repair

mechanism that occur in the irradiation damaged DNA.

However, the similarity in DNA patterns between some

normal and treated samples was interpreted by assuming that

the irradiation induced damage was in regions of the genome

other than at the loci under study.

Finally, the isolation of SpliRep gene by using the

nucleotide sequence and sequence analyses which was fairly

identical to one of the well-known repair genes in D. willistoni

strengthened the putative action of a DNA repair system in S.

littoralis when it was subjected to DNA-damaging radiation

(gamma radiation).

Key words: Gamma Iirradiation, inherited sterility, cobalt,
cesium, Spodoptera littoralis, substerilizing, fertility, fecundity
and pupation, N, T, F1, F2, cobalt, cesium RAPD- PCR, ISSR,
DNA, SpliRep, nucleotide sequence and sequence analyses.
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I. Introduction.

Spodoptera littoralis (Lepidoptera:Noctuidae), is an

economically serious and polyphagous pest in Egypt. This pest

is reported to attack a wide range of food plants (112

cultivated plants belonging to 44 families worldwide and 60

plants in Egypt) (Moussa et al.,1983).

A multifaceted approach is required for the control of this

pest because it has developed resistance against a range of

insecticides and because other control measures are inadequate

when applied alone (Ramakrishnan et al.,1984; Armes et al.,

1997). The sterile insect technique (SIT) has been used for

Lepidoptera but insects in this order are radio-tolerant,

presumably due to their holokinetic chromosomal

configuration (Bauer, 1967). Therefore, lepidopterans require

large doses of radiation for sterilization, leading to somatic

damage and reduced competitiveness in the irradiated insect.

A favored alternative to use fully sterile moths in SIT is the

use of F1sterility. F1 survivor progeny of sub-sterile parental

(P) male moths resulted when sub-sterilizing doses of

radiation are applied to the parent males. The resulting

F1progeny are more sterile than the irradiated parent, and the

irradiated moths are more competitive as a result of receiving

a lower dose of radiation. Lepidopteran females are usually
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more sensitive to radiation than males of the same species.

This allows the radiation dose to be adjusted to suit

programme requirements. When partially sterile males mate

with wild females, the radiation-induced deleterious effects are

inherited by the F1 generation.

Inherited sterility in the progeny of treated males has been

shown to have potential in suppressing populations of

lepidopteran pests (Knipling, 1970; La Chance, 1985).

Previous studies of substerilizing gamma-radiation doses on

the growth and reproductive behavior of S. littoralis in the F1

progeny of treated moths indicated the potential of managing

this pest by using inherited sterility (Seth & Sehgal, 1993).

DNA is associated with the transfere of genetic information

from cell to cell, while RNA is associated with their transfere

within the cell and with the protein synthesis. Therefore, the

departure of these genetic controlling factors from the normal

way affect the fecundity and fertility of the insects (La

Chance et al., 1970).

DNA is generally accepted that the main target of

biological significant radiation damage on the cell is the DNA,

At least three types of DNA lesions, produced both in

vitro and in vivo, have been recognized after exposure to

ionizing irradiation:

1- Strand breaks, both single and double.
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2- Base damage.

3- Cross links.

The aim of the present study is to determine the effects of

sub sterilizing doses of gamma irradiation using cobalt and

cesium sources on some biological aspects of S. littoralis

irradiated as pupae (because pupae showed more resistance

to radiation than eggs or larvae and easily distributed in the

field El-Sinary, 1987) and levels of sterility of males S.

littoralis, to follow the effects of sub sterilizing doses

through filial generations descending from irradiated parents.

Also, the induced DNA damage as a result of gamma

irradiation and the repair that may occur.

.
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II. Review of Literature.

1. Effect of gamma radiation on some biological

aspects of Lepidopterous insects:

Abdel-Baky (1981) studied the effect of gamma

radiation on Ephestia kuehniella and found that the life span

of adults of both sexes irradiated in the pupal stages, was

shortened as the dose increased. Fecundity and fertility were

decreased by increasing the dose level of irradiation.

Ibrahim (1981) reported that when full grown pupae of

the black cutworm Agrotis ipsilon were irradiated, percentage

of mated females and the average number of spermatophore

per mated female decreased with the irradiated dose up to 20

krad. Fecundity of irradiated females paired with normal males

decreased with the increase of irradiation dose than normal

females paired with irradiated males. A severe reduction in

fecundity was obtained when female pupae were irradiated.

Egg hatchability was also affected by irradiation. Females

were more radiosensitive than males, as far as reduction in

hatchability is concerned.
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Boshra (1982) studied the effect of gamma radiation on

full grown pupae of Sitotroga cerealella and found that all

doses reduced the number of eggs laid per female and

percentage of hatching of the resulting adults. The doses 35

and 60 krad caused complete sterility for females and males,

respectively. Adult longevity was reduced at all dose levels

used.

In a study on the effect of gamma irradiation on Ephestia

kuheniella, Abdel-Salam (1983) found that a dose of 20 krad

induced complete sterility for females (treated as fully grown

pupae) while it caused a high degree of sterility for males.

Females were more radiosensitive than males, and older pupae

were more tolerant to irradiation damage than younger ones.

Moreover; mating percentage was affected by pupal

irradiation. Mating frequency of normal females with

irradiated males was slightly decreased than with unirradiated

males.

Li and Li (1983) studied the effect of gamma radiation

on the amount and activity of the sperms of the corn borer,

Ostrinia furnacalis. He concluded that the number of sperms

produced from irradiated males with 25 and 40 krad was lower

than that produced by untreated males. However, the activity
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of the sperms in the bursa copulatrix of the treated males was

significantly lower than that of untreated males.

Salem et al. (1983) exposed pupae of different ages of

Ephestia kuehniella Zell. to two different doses of gamma

irradiation 10 and 20 krad of radioactive (CO60). The effects

on the rate of emergence, sperm transfer as well as fecundity

and fertility were strongly correlated with sex, dose and age of

pupae at time of treatment. Older pupae were more tolerant to

irradiation damage and adult emergence was not affected by

irradiation. Females from pupae irradiated with 20 krad were

sterile and laid fewer eggs when mated with untreated males.

The effect of gamma-irradiation against Ephestia

kuehniella was determined by Zhbara and Shikrenov (1983).

Their experiments showed that pupal mortality ranged from

28.4%at 18 krad to 72% at 32 krad.

Hasaballa (1984) determined the emergence percentage of

adults of Ephestia cautella (irradiated as 2-day old pupae and

full grown pupae) decreased with the increase of the dose, the

dose levels 75 krad and 100 krad prevented adult eclosion for

females and males, respectively. The doses 50 and 30 krad
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caused complete sterility in the resulting adult males and

females, respectively.

Hilmy et al. (1984) studied the effect of gamma radiation

on Spodoptera littoralis. They irradiated six-day old male

pupae with three gamma doses (5, 10 and 20 krad), and found

that radiation affected adult emergence, egg production,

longevity of the adult and the developmental periods. Where,

as the irradiation dose increased, the developmental periods

increased. It was also found that the percentage of egg

hatchability decreased gradually with increasing the dose.

They found that the dose 10 krad completely inhibited egg

laying, while the dose 20 krad inhibited adult emergence.

Hasaballa et al. (1985) noticed that when the rice moth,

Corcyra cephalonica was irradiated as pupae, some individual

from most dose levels were able to complete development to

the adult stage. The irradiation increased the developmental

periods of the pest. The lethal dose for 2- and 7- day old pupae

was 100 krad. Females were more radiosensitive than males

receiving the same dose. The doses 50 and 30 krad caused

100% sterility to males and females, respectively.
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Carpenter et al. (1986) investigated the effect of

irradiation with 10 krad of gamma rays on adult males and

females of Spodoptera littoralis. They found that the effect of

irradiation on the reproduction ability of the adults was greater

for females than for males, and the dose 10 krad completely

inhibited egg laying.

Abdel-Baky (1986) studied the effect of gamma irradiation

on Ephestia kuehniella pupae and obtained a gradual decrease

in the adult eclosion and reduction in fecundity and egg

hatchability as irradiation dose was increased. Female pupae

were more radiosensitive than males.

El- Sinary (1987) found that the rate of emergence of

cotton leaf worm Spodoptera littoralis was decreased with

increasing the dose of irradiation, complete lethality was

obtained at 4-day old female pupae with the doses 350 Gy.

This phenomenon was observed in case of 400 Gy in male

pupae. Results showed that in all ages (2, 4, 6 and 8-days old)

individual females were more sensitive than males.

Haiba (1990) irradiated 5-day old pupae of Phthorimaea

operculella with doses 10, 50,100,150, 200, 250 and 300 Gy.

There was a highly significant positive relationship between
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dose and adult emergence, the higher the dose, the lower the

percentage of adult emergence. At all doses used, males were

more successful in emergence than females. The exposure to

radiation dose levels (10-200) Gy had no external effect on the

emerged male and female adults. However, females were more

radiosensitive than males. She discussed this phenomenon that

the exposure of 5-day old pupae to gamma- irradiation caused

sever effect on the germarium and vitelllarium of the ovarioles

in the resulting female. Irradiation had marked effect on the

egg production and its hatchability. The dose levels 150 and

300 Gy were considered as the sterilizing doses for females

and males, respectively.

Hamed and Khattab (1991) found that gamma radiation

dose of 40 krad prevented successful pupation in the 3rd larval

instars of Pieris brassicae in 97% cases and caused 100% pupal

mortality following treatment of 5th larval instars. When lower

doses were applied, the 3rd larval instars were more susceptible

to disruption of pupation than were the 5th larval instars,

although a dose of 25 krad applied to 3rd or 5th larval instars,

resulted in 100% pupal mortality.

Boshra and Hasaballa (1993) studied the effect of

gamma dose of 10-65 krad on adult Plodia interpunctella
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(Hubner). Results showed that females were more sensitive to

radiation than males. Complete sterility of females and males

were achieved at 50 and 65 krad, respectively. Replacing

normal males by sterile ones in the normal population

decreased egg hatchability compared to the normal population.

Also, sterile males were able to compete successfully with

normal ones in the normal population.

Walder and Calkines (1993) irradiated pupae of Plodia

interpunctella were 2 days before adult eclosion with 15, 20,

25, 30, 50 and 70 Gy of gamma radiation (Co-60). The

radiation effects on sterility and other parameters of quality

and behavior of males and females of the pest were

established. Males became fully sterile with a dose of 50 Gy

and females laid no eggs when exposed to 25 Gy. Radiation

had no significant effect on adult eclosion, sex ratio, flight

ability and irritability, but female mortality was affected

significantly by radiation, showing higher survival rates in low

dosage treatments.

Suubiyakato et al. (1998) sterilized moths of Helicoverpa

armigera by irradiating the adult stage. The dosages were 0

(unirradiated), 1, 3, 5, 7, 9, 11, 13, and 15 krad. The results

showed that sub sterile dosage (LD50) for males was 0.94 krad
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and 7.02 krad for females. The sterile dosage (LD95) for males

was 10.85 krad and 14.35 krad for females.

EL-Naggar et al. (2000) irradiated full grown pupae of

the cotton leaf worm, Spodoptera littoralis with sub sterilizing

doses of gamma irradiation (10, 15 and 20 k rad). The emerged

irradiated males were allowed to mate with non-irradiated

females and the resulting larvae (fourth and sixth instar) were

subjected to calorific analysis. The utilization of energy in

terms of the coefficient of metabolizable energy (CME),

efficiency of storage of ingested energy (ESIE) and efficiency

of storage of metabolizable energy (ESME) were studied. In

general, energy utilization indices and the gross energy in

feaces, food ingested, digested and stored in the body was

decreased in fourth instar and increased in sixth instar

irradiated larvae, compared with untreated controls.

Yang et al. (2000) studied the sterile mechanism of

Bombyx mandorina Moore on the chromosome structure

variation by means of Co60 gamma-ray irradiation of the

pupae. The sub sterilizing dose for males was 250 Gy, under

which the females of Bombyx mandorina Moore were

completely sterilized. The chromosome structure variation

such as deficiency and inversion of the female reproductive
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cells could be obviously observed. Most of the cells with the

abnormal chromosomes were sterilized, which was the main

reason for radiation sterilization of Bombyx mandorina

Moore.

Ibrahim and EL-Naggar (2001) treated full grown male

pupae of Spodoptera littoralis with 0-500 Gray of gamma

irradiation. The resulting adult males were paired individually

with untreated virgin females. The biological effects were

assayed by determining the percentage of mating, number of

mating, sperm transfer, female fecundity and egg hatchability

(fertility). Mating ability of the males remained high for the

first and second day then gradually decreased. Fecundity of

untreated females mated with treated males declined gradually

with increasing radiation doses. Fertility of treated males

declined almost linearly to reach 0% near 400 Gy.

Mansour (2002) examined the effects of gamma

radiation on fertility and reproductive behavior of the codling

moth, Cydia pomonella (L.). Results showed that egg

production and hatching decreased with increasing the

irradiation dose. Females were more sensitive to radiation

treatment than were males. A dose of 150 Gy caused 100%

sterility in females and significantly reduced fecundity, and a

dose of 350 Gy caused 100% sterility in males.
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Makee and Saour (2003), exposed pupae of the potato

tuber moth, P. operculella to gamma irradiation at incremental

doses up to 150 Gy. Young pupae were sensitive to gamma

irradiation than older pupae and the sensitivity level declined

with age of the pupae. The exposure of 3-3.5-day old pupae to

150 Gy resulted in a 26% increase in the pupae incubation

period compared with unirradiated pupae. When pupae were

exposed to 75 Gy, 9.7% survived to the adult stage but emerged

as deformed moths, although no adult eclosion was recorded at

150 Gy, the pupae remained in mid-instar stage and eventually

died. Gamma irradiation doses applied to inhibit potato

sprouting could be also considered as a valuable control tool

against potato tuber moth infestations.

Sawiress (2005) exposed full grown male and female

pupae of the Mediterranean flour moth, Ephestia kuehniella

(Zeller) to doses of gamma rays ranged from 50 to 450 Gy.

Irradiated females were more radio-resistant than males.

Reduction in fecundity and egg fertility was dose dependent.

There was reduction in F1 progeny as a result of irradiating

male and female parents with sub sterilizing doses, which was

more apparent in irradiation of male parents. The average

larval-pupal developmental period of F1 male and female
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progeny was positively affected. The sex ratio of F1 progeny

was shifted in favor of males.

Makee and Tafesh (2006) studied the genetic sexing

technique based on the construction of a balanced lethal strain

(BLS) for Pthorimaea operculella. Gamma irradiation was

used to induce the requested translocations. The appearance of

sex heterochromatin body and the analysis of sex

chromosomes in F1 females of irradiated P. operculella

females were investigated. They found that percentage of

abnormality in sex heterochromatin body in highly polyploid

Malpighian tubule nuclei was positively correlated with the

applied dose.

Aye, et al. (2008) demonstrated the inhibitory effect of

gamma irradiation on the development and reproduction

including, egg hatching, pupation, adult eclosion and

oviposition of Plodia interpunctella. Failure of all these events

increased with increasing doses from 0.1 to 1 KGy. However,

the rates of developmental inhibition were different among

three behavioural events. Egg hatch was completely inhibited

by 0.5 KGy and high doses. Pupation was completely inhibited

by 0.25 KGy, but adult eclosion was not completely inhibited
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by 1Gy. In addition, different age groups within the egg and

final larval stage differ in their susceptibility to 0.1 and 0.25

KGy doses. The rates of both hatching and pupation were

lower when young individual were irradiated. Fecundity and

hatchability were greatly reduced when pupae were irradiated

at 0.1 KGy and completely inhibited at 0.25 KGy and higher

doses. This suggested that irradiation at 0.5 KGy is

appropriated for the inhibition for development and

reproduction for P. interpunctella.

Mahmoud and Barta (2011) irradiated pupae of Pieris

brassicae with doses of 10, 30, 50, 70 or 90 Gy. While adult

emergence and egg hatch decreased with increasing dose, no

significant differences in female fecundity were found among

doses. Exposure of pupae to 90 Gy resulted in a total sterility

of eggs laid by non-treated females crossed with treated males.

Moderate effects on sex ratio were recorded by irradiation only

at higher doses (≥ 30 Gy), where, the proportion of emerged

males significantly decreased when compared with the control

or the lower doses (< 30 Gy). The lowest ratio was observed at

the dose 90 Gy,

Hosseinzadeh et al (2012) studied the effect of gamma

irradiation on different developmental stages of Indian meal
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moth Plodia interpunctella Hübner and the doses required to

prevent each of these developmental stages was investigated.

The dose of radiation required to prevent adult emergence

from irradiated 5-days old pupa was 650 Gy. According to the

results, dose of 650 Gy is adequate to control all immature

stages of this pest. In addition, the results revealed that there

was a dose-dependent increase in the developmental periods,

and the growth index of the adults was significantly decreased

with increasing dose of radiation administered to the eggs,

larvae and pupae too. It is concluded that irradiation can be

used as a safe method to control stored pests.

2. Inherited sterility of Lepidoptera

Carpenter et al. (1983) stated that when males of

Spodoptera littoralis were exposed to sub sterilizing doses of

gamma radiation and mated with untreated females, the

inherited deleterious effects were observed for several

generations, where the maximum level were for the first

generation. Reduction in fecundity and egg hatching, together

with an increased incidence of larval and adult mortality, were

due to the inherited sterility affected genes.

Ernest Miller et al. (1984) came to a conclusion that the
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irradiated population of Pectinophora gossypiellea with 20

krad of CO60 gamma radiation showed a high degree of adult

deformity, high rate of mortality in the immature stages and

inherited sterility. Where, F1 were more sterile than F2.

Sallam (1991) exposed full grown male pupae of the

noctuid Spodoptera littoralis to substerilizing doses (7.5, 10,

12.5 and 15 krad) of gamma radiation and mated with

unirradiated females. In all cases, the effects on the progeny

were studied for 3 generations. Larval and pupal mortality

were 21-53 and 5-30% higher than normal in F1 and F2,

respectively. F1 was significantly more sterile than the parents,

but F2 was significantly less sterile than F1. The average of

developmental periods and sex ratio male: female were

positively affected by the irradiation dose.

Saour et al. (1997) Irradiated newly emerged (0-18h) adult

males of Phthorimaea operculella with various doses (5, 10,

15, 25, 35, and 45 krad) of gamma irradiation. Mating ability

and frequency of mating of treated males were decreased when

they were irradiated with 25 krad and above, whereas their

longevity was not affected by the irradiation. The mean

number of eggs per female was decreased at 35 and 45 krad,

and 91% sterility was induced when males were irradiated
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with a dose of 45 krad. The competitiveness values of P.

operculella males were reduced when they were irradiated

with high doses. However, these values were increased when a

high ratio of irradiated males to normal males was used.

Bloem et al (1999) treated male and female codling

moths, Cydia pomonella (L.), with increasing doses of gamma

radiation, and the moths were either inbred or outcrossed with

fertile counterparts. Fecundity of untreated females mated with

treated males declined slowly with increasing doses of

radiation. However, fecundity of treated females declined

almost linearly with dose 100 Gy. The minimum dose at which

treated females were found to be 100% sterile when mated to

untreated males was 100 Gy. This dose was much lower than

previously suggested. Fertility of treated males declined

almost linearly to approach 0 near 400 Gy. Inherited effects

resulting from irradiation of P1 males at selected doses were

recorded for the F1 generation. As the dose of radiation

increased, F1 fecundity and fertility decreased, mortality

increased, and the F1 sex ratio shifted in favor of male

progeny.

Carpenter et al. (2001) treated newly emerged male and

female adult cactus moths, Cactoblastis cactorum (Berg), with

increasing doses of gamma radiation, and the moths were
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outcrossed to fertile counterparts. Fecundity of the moth pairs

was affected by increasing doses of radiation. The minimum

dose at which treated females were found to be 100% sterile

when mated to untreated males was 200 Gy. Fertility of treated

males declined with increasing doses of radiation to approach

0% near 500 Gy. Inherited effects resulting from irradiation of

P males and females were expressed in the F1 generation as

increased developmental time from oviposition to larval

eclosion, increased egg mortality, and increased neonate to

adult stage mortality. A shift in the F1 sex ratio in favor of

males was observed.

Arthur and Aguilar (2002) performed experiments

with the objective of finding the dose of gamma radiation

capable of causing sterility in the first and second generations

by irradiating the parental generation of Dramastica

saccharalis and Spodoptera frugipedra. They obtained

encouraging results which indicate that inherited sterility

might be used for control of this insect and the maximum

sterility was for F1 generation.

Ramos and Leon (2002) studied the effect of irradiating

male Helicoverpa armigera with a sub sterilizing dose (100

Gy) of gamma radiation on the growth, development and
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reproduction of subsequent generations. This dose of gamma

radiation had no significant detrimental effects on larval and

pupal weights or on the duration of the pupal period in the F1

progeny. However, it lengthened the duration of the larval

period by two days. In the F2 generation, the progeny of the

Tf1F x Tf1M cross had significantly lighter pupae. No

detrimental effects on P and F1 female fecundity were

recorded. Crosses involving Tf1 females laid only about one

half the numbers of eggs laid by the control group. Fertility of

crosses involving P males was greatly affected; fertility in

these females was only 61% of that exhibited by the controls.

This deleterious effect was inherited in the F1 and F2

generations and was maximally expressed when F1 progeny of

the NF x TM cross were inbred. Egg hatch was almost

completely inhibited in sibling crosses while outcrosses of the

F1 progeny showed a 64-70% reduction in egg hatching when

compared to control.

Sallam and Mohammed (2003): Studied the effect of

crossing normal females of Earias Insulana Boisd. with males

irradiated as 24 h adult moths with two doses (80 and 100 Gy.)

of gamma radiation on fecundity, egg hatching and mating.

The male progeny were out bred or inbred with untreated

individuals for two successive generations F1 and F2 and their
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progeny was observed for any inherited deleterious effects on

reproduction. Female fecundity and egg hatch were

significantly reduced among P, F1 and F2 generations by

increasing the dosages applied to P males as compared with

the untreated control. The percentage of mating of P female

was significantly reduced at the two doses as compared to the

untreated control. The average number of spermatophores per

mated female was maximally reduced for F1 than for P and F2

generations when parental males were irradiated with 100Gy.

The larval and pupal mortality of F1, and F2 generations was

high and dose dependent. The average developmental time

from egg hatch to adult emergence as well as the sex ratio of

the resulting progeny was affected. The reduction in pupation

was more evident at the dose 100 Gy than 80 Gy among F1 and

F2 generations. However, the percentage of adult emergence

was obviously reduced at all treatments.

Abdurrahman et al (2006) determined the effects of

gamma radiation on the fecundity, fertility, longevity,

development and level of inherited sterility in the

Mediterranean flour moth Ephestia kuehniella . Newly

emerged virgin Mediterranean flour moth adults were

irradiated with 100, 200, 400 and 600 Gy. Laboratory studies

revealed that radiation did not affect the longevity of irradiated
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male and female adults. Inherited deleterious effects of gamma

radiation were observed in the F1 and F2 generations.

Fecundity and the daily egg laying pattern of irradiated and

unirradiated females mated to irradiated males was not

significantly different from untreated controls. Adverse effects

of gamma radiation were observed in the percentage egg hatch

and rate of development. Levels of sterility in the P1, F1and

F2 generations were higher than that of untreated controls. The

doses of radiation also had a significant effect on the time from

oviposition to larval eclosion or adult emergence. Mortality

increased with radiation dose. The incidence of larval and

pupal mortality was higher in the F2 than in the F1 generation.

Rizk and Mikhaiel (2008) irradiated full grown pupae of

Sitotroga cerealella with 75 and 175 Gy of gamma irradiation.

The sterility percent was increased by increasing of gamma

irradiation dose. Also, the sterility percent increased in F1

males than in parents.

Amin et al (2010): irradiated spiny bollworm, Earias

insulana Boisd. adult males with substerilizing doses of 50,

80, 100 and 150 Gray (Gy) of gamma radiation.  The number

of surviving larvae was dose dependant and larval/ pupal

mortality increased as the dose applied to P males was
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increased. The larval mortality among F3 was reduced

compared with that of the F1 and F2. The average

developmental time from egg hatch to adult emergence at the

four tested doses was slightly affected among the progeny

descendant of irradiated P males through the three successive

generations, but was not evidently different from untreated

control. The percentage of adult emergence was evidently

reduced among F1 and F2 progeny resulting from parental

males exposed to the three higher irradiation doses (80,100

and 150 Gy).The sex ratio was slightly altered in favor of

males among the majority of all treatments.
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3. Effect of irradiation on the viability of sterile insects.

Viability or vitality of the irradiated insects was

experimented by many authors. Haiba and Gharib (1996)

found that the exposure of 5-day-old pupae of Phthorimaea

operculella to 300 Gy of gamma radiation produced sterile

males that had ability to negate the previous insemination by

normal ones. The sterile sperms could compete with those of

non-irradiated males. Holding the radio-sterilized males for

several days before allowing them to mate did not cause them

to restore their ability to produce normal sperms.

Salama et al. (2000) studied the improvement vitality of

the Mediterranean fruit fly, Ceratitis capitata Wied. through

the induction of a specific variance (mutation) in the genetic

material. Several types of treatment that were thought to cause

this mutation were used for increasing the fly vitality. It was

found that there was an increment at levels due to the

treatment of egg stage specially the usage of the rice hulls as a

bulking component in the larval rearing media alone or

followed by irradiation of the pupal stage with 90 Gy.
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4. The effect of gamma radiation on chromosomes and

the DNA.

Bonify et al. (1964) investigated the damage caused to

the DNA by the irradiation quantitatively or qualitatively and

the ability of the insect to repair this damage. They exposed

three species of Tenebrionides (Pimelia angulata, P. a.

expiate and Ocrtera hispida) to 200-450 Gy and examined the

DNA contents of their entire soft tissues before and after

gamma-radiation. They noticed that, within a few days, there

was a large decrease in DNA content.

Cook (1975) investigated the chromosomal damage of

Spodoptera littoralis due to irradiation. He studied the genetic

control of meiosis with regard to a selection of mutants;

screening of EMS-treated chromosomes; effect of meitotic

mutants on meitotic exchange; and effects of X-radiation on

meitotic mutants. Spermatogenesis with regard to genetic

control, regulation of gene activity, and polarity switches in

chromosomal DNA was also investigated.

Anon (1979) studied the chromosome damage and

indirect indicators of genetic damage. He examined the

mutants in mammals embryologically, cytogenetically and

biochemically, detecting mutations that result in protein with
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altered amino acid sequences, recombination in Drosophila as

well as the processes of DNA repair were studied by the

author.

Nolen and Kidwell. (1982) studied the ability of the DNA

to repair the induced damage, they stated that poly (ADP)

synthetase, a chromatin- enzyme which attaches polyanionic

chains of ADP-ribose to nuclear proteins, was found to be

temperature sensitive in intact Drosophila melanogaster cells.

The heat chock effect on the synthetase was reversible;

enzyme activity began to reappear about 2-hr post heat shock.

During the 2-hr interval when poly (ADP-ribose) synthetase

was absent, the cells were competent in repair of gamma-ray-

induced DNA strand breaks. It was thus concluded that poly

(ADP-ribose) synthesis was unnecessary for repair of DNA

strand breaks introduced by irradiation.

The ability to repair X-irradiation induced single-strand

DNA breaks of Drosophila melanogaster was also

investigated by Oliveri (1987). This analysis demonstrated

that examined stocks possess a normal capacity to repair X-ray

induced single strand breaks. He concluded that a normally

stable single – copy sequence has become unstable and

duplicated within the genome.
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Mullis and Faloona (1989) described in the boll weevil

Anthonomus grandis (order: Coleoptera) the advance in

molecular biological techniques revolutionizes, the manner

and the speed with which genetic maps can be constructed.

They found that the motor of this revolution was the

polymerase chain reaction. They used this useful technique for

detection and differentiation of wide varieties of organisms

Welsh et al. (1990) studied the polymorphisms generated

by arbitrary primer PCR in the mouse using the technique of

the arbitrarily primed- polymerase chain reaction (AP-PCR)

method.

Williams et al. (1990) studied DNA polymorphism

amplified by arbitrary primers as genetic markers of

Spodoptera littoralis., they used the random amplified

polymorphic DNA-polymerase chain reaction (RAPD-PCR)

method. This approach which is based on the direct analysis of

DNA has numerous advantages over previous methods

including the fact that it can be employed in the absence of an

extensive data base derived from classical genetic studies.

Tsubota and Jones (1991) found that a 6.1 kilobase

insertion into the rudimentary (r) gene was cloned and partially

sequenced like a normal p element in the hela cell, (A cell type
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in an immortal cell line used in scientific research, which

originated from a deadly cervical tumor).

Howells and O´Brochta (1993) stated that the hobo

transposable element of Drosophila melanogaster was used to

achieve stable germ line transformation of this insect and

found that this element, or related transposable elements, can

be used as vectors for achieving the gem line transformation of

two non-drosophilids, the Australian sheep blowfly, Lucilia

cuprina, and the housefly, Musca domestica.

The decrease in the DNA content as a result of irradiation

was also remarked by Sallam et al. (1996) and Fedal (1999)

who concluded that the RNA was more radiosensitive than the

DNA, the appearance of some fragments of high molecular

sizes which may be a sort of repairing and that the DNA

content was progressively reduced as the dose was increased.

El-Naggar and El-Shall (2000) studied the effect of sub-

sterilizing doses of gamma radiation (10 and 20 krad) on the

nucleic acid contents of Spodoptera littoralis. The females

were more radiosensitive than males. the DNA content

decreased due to irradiation at P and F1 of both pupae and

adults. The effect of irradiation on gonad DNA contents
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differed with the dose, generation (P or F1) and sex of gonads

(testes or ovaries). However, irradiation had a fixed effect on

gonad DNA content, i.e. it decreased DNA contents of the

gonads regardless of the sex of the gonads, dose and

generation.

Amin and Boshra (2002) found that irradiation of

Ephestia cautella full grown male pupae with substerilizing

doses (150 and 250 Gy) reduced deoxyribonucleic acid (DNA)

content in the male parents (P) and also in males and females

of F1 and F2 progenies. Irradiation of full grown male pupae

with 250 Gy increased the total protein content in the parents,

while decreased it in their F1 and F2 progenies. The reduction

of nucleic acids was higher in F2 progenies than F1 progenies

compared with parents. Irradiation of full grown pupae with

150 and 250 Gy induced inherited sterility, F1 males were

more affected than F1 females. They found a correlation

between the reduced number of progenies and the reduction of

nucleic acids.
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5. Effect of radiation on the amino acid contents

Po-Chedley (1964) found that the embryologically

growth of Tenebrio molitor exposed to X-ray was increased

and he suggested that radiation resistance of insects might be

due to the protective action of the amino acids.

Mohsen (1979) found a decrease in the level of free amino

acids in the irradiated Spodoptera littoralis and Drosophila

melanogaster. He stated that gamma rays reduced this level in

the treated insects.

Boctor (1980) found the most of the free amino acids of 6-

day old female flies Ceratitis capitata was changed as a result

of irradiation but the total concentration of amino acids was

almost the same in normal and irradiated flies.

Abdel-Salam (1983) concluded that the radioresistance of

pupae Ephestia kuhniella irradiated in the larval stage

increased as the age of the pupae increased, he also noticed

marked changes in the amino acids contents.

For 2-day old flies, studies of Fadel (1987) and Boshra

(1988) on irradiated Ceratitis capitata and Plodia
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interpunctella proved that high doses of  irradiation increased

the free amino acids and at the same time deceased protein

hydrolysate amino acids.

Souka et al. (1996) noticed marked changes in the amino

acids contents of the irradiated Eumeres amoenus.

Decrease in the amino acid content as a result of irradiation

of adult horn flies Haematobia irritans (Order: Diptera) was

also recorded by Mayer et al. (1997).

.
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6- RAPD-PCR

Cenis et al. (1993) stated that RAPD-PCR as a feasible

technique is not only used for comparing different genera but

also for the differentiations of species within the genus Aphis

(Hemiptera: Aphididae).

Leopold (1993) discussed it as a modifications and

combinations of transfection methodology that could aid in the

integration of DNA into a host embryo's genome of

Drosophila melanogaster.

Haymer (1993) used the polymerase chain reaction

amplification of RAPD markers to document the existence of

molecular markers that can distinguish different populations of

the Mediterranean fruit fly, Ceratitis capitata. The molecular

markers identified can be used for a variety of purposes,

including documentation of new form of genetic variation,

identification of strain specific molecular markers and

establishment of linkage relationships between anonymous

DNA sequence and desirable gene or traits of interest.

Robinson (1993) found that classical genetic mapping of

Spodoptera litura has relied on the use of morphological,
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biochemical and DNA variation (restriction fragment length

polymorphisms) to establish a linkage relationship between

loci in order to construct genetic maps. This genetic analysis

has been complemented by a cytological component.

Haymer (1994) reported that RAPDs and microsatellites

can help to reveal highly repetitive portions of the genome. At

1995, he compared the genetic relationships between wild and

laboratory populations of the melon fly Bactrocera

cucurbitae, using the RAPD markers.

Alexandrov et al. (1998) used the polymerase chain

reaction to study the induced radiation structural changes at the

vestigial genes of Drosophila melanogaster. A total of 27

independent isolated spontaneous and gamma-ray-induced

heritable mutations at the vestigial gene of Drosophila

melanogaster were analysed by a rapid deletion screening

method with polymerase chain reaction (PCR) amplification.

Zaghloul (2004) studied the effect of gamma rays on the

PCR pattern of normal, active and irradiated male and female

Callosobruchus maculates at various developmental stages

and showed variation between them, where some extra bands

appeared and others disappeared, that was attributed to the
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repair mechanism that occurred in the irradiation damaged

DNA. However, the similarity in the DNA patterns between

normal and irradiated females was interpreted by supposing

that the irradiation induced damage in regions of the genome

other than at the loci under study.

Zaghloul et al. (2006) reported that alteration of the DNA

patterns by using RAPD-PCR technique of the sterile insect

Callosobruchus maculates as compared to that of normal

insects through appearing of extra bands of  DNA was due to

repair mechanism that occur in the irradiation damaged DNA.

Also, the similarity in the DNA patterns of normal and

irradiated adult was due to damage or breakdown of DNA.

Rizk and Mikhaiel (2008) studied the effect of gamma

rays on the DNA patterns of adult male parents and F1 males

of Sitotroga cerealella and showed alterations among the

control, the treated parents and F1 individuals. They found that

exposure to radiation caused very frequently the appearance of

some extra bands and deficiency of others in the RAPD-PCR

amplification patterns of the irradiated insects. As well as, the

similarity in DNA patterns between some normal and treated

samples.
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7- Issr and Lepidoptera:

Xueli Zheng et al. (2010) identified by application of

ISSR -PCR necrophagous fly species from 12 cities and

regions in China. ISSR -PCR provided a quick reliable

molecular marker technique for the identification of different

species of necrophagous fly.

. Roux et al. (2006) tested seven different ISSR markers

as a tool for population discrimination and genetic variations

among 19 Plutella xylostella populations from different

countries. Genetic differentiation among Plutella xylostella

populations did not reflect geographical distances between

them. The two classification methods have given excellent

results with less than 1.3% of misclassified individuals.

Dhanikachalam Velu, et al. (2008) used amplified inter

simple sequence repeats (ISSR) markers to determine genetic

relationships among mutant silkworm strains of Bombyx mori.

ISSR amplification is a valuable method for determining the

genetic variability among mutant silkworm strains. This

efficient molecular marker would be useful for characterizing

a considerable number of silkworm strains maintained at the

germplasm center.
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8. Nucleotide Sequence and Sequence Analysis

Seufi et al. (2007): by the effect of a discontinuous radio

frequency (RF) signal on the genome of Schistocerca

gregaria, several common bands were observed in all treated

samples. other  bands were recorded in control insects and

disappeared in irradiated ones. A chitinase-generated DNA

fragment was selected, eluted, purified and sequenced. Amino

acids revealed that the putative polypeptide belongs to

chitinase polypeptide family.

Seufi (2008): An Egyptian isolate of Spodoptera littoralis

(SpliNPV) was tested as biocontrol agent in comparison to

nucleopolyhedrovirus (AcMNPV). A DNA segment of 405 bp

of SpliNPV was successfully amplified by PCR. Subsequently,

this DNA segment was sequenced results revealed that

significant similarities with 91 different baculovirus isolates.

This highly conserved region provides a candidate that could

be used in easy, fast and economic prospective systems for

virus detection as well as in biological control strategies.
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III. Material and Methods.

1. Source of the strain:-

The cotton leaf worm eggs were taken from pesticide

Department, Faculty of Agriculture, Cairo University.

2. Rearing and maintenance of the cotton leaf worm

Spodoptera littoralis:

Egg masses of the cotton leaf worm were allowed to

hatch in the rearing room at a temperature of 25-32°C and a

relative humidity of 60-70%.

Each egg mass was placed in a clean glass jar of 250 cc.

capacity, previously washed with formalin solution to avoid

any possible contamination with the polyhedral virus disease

Souka (1969). The jars were covered with pieces of thin

cloths fixed with rubber bands. The hatched larvae were

provided with fresh and cleaned castor leaves, Ricinus

communis, washed in running water and dried in air current

before placed in the jars. Larvae were found to crawl on

castor leaves and stay on them. At the beginning of the

second instar, separate groups each of three larvae were

transferred into jars of 250 cc., and each group was

maintained in the breeding jars throughout the subsequent
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stages. Camel hair brushes were used to transfer the early

larval instars, in the advanced instars hand manipulation was

quite safe. larvae were transferred daily into clean jars and

covered with muslin cloth, they were supplied with

sufficient leaves of castor oil plant to avoid cannibalism.

Larvae showing symptoms of polyhedral virus or any

bacterial disease were discarded. The full-grown larvae were

transferred to other jars furnished with sawdust containing

20% moisture to help in formation of pupae, as reported by

Souka et al.(1996).

To maintain the prepupation of the stock culture of this

insect, pupae were transferred into cages of 40 x 30 x 40 cm

before adult emergence. Theses cages were supplied with

branches of Tafla plant, Nerium oleander, as a suitable site

for egg deposition to avoid laying eggs on the walls of the

cages or elsewhere. For adult feeding, the cages were

supplied each with a small vial half filled with a 10% sugar

solution in which was dipped apiece of cotton.

3. Irradiation technique:-

Using the irradiation technique once for parents as (8-day

old pupae) and studying how this effect of irradiation can be

inherited through generations, where this experiments were

started on June 2009. The irradiation source used in the present
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study was Gamma Cell irradiation unit Indian and Cesium

cells located at "The National Center for Radiation Research

and Technology (NCRRT), Atomic Energy Authority Nasr

City, Cairo, Egypt." at a dose rate of 0.812 Rad/sec. and 110

Rad/sec. (which usually decayed at the end of the experiment

to 0.783 Rad/sec. and 90.7 Rad/sec., respectively).

4. Experimental techniques:

4.1. Effect of gamma-irradiation on the full-grown

pupae of Spodoptera littoralis:-

Male and female full-grown pupae were irradiated at

doses of 0, 50, 150, 250, 350 and 450 Gy. Three replicates

were used, each consisting of 30 pupae.

Adults which emerged from irradiated full grown pupae

(8days-old)were paired with untreated adults of the opposite

sex as well as with each other in different mating combinations

as follows:

1- Treated males x Treated females.

2- Treated males x Normal females.

3- Normal males x Treated females.

4- Normal males x Normal females (control).

Ten replicates of each combination were made, each

replicate containing two pairs of males and females.

The ten treated newly emerged virgin males and females were
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combined in a suitable oviposition semi glass jar to mate and

oviposit.

The total number of eggs were counted daily under a

binocular microscope and hatched larvae were calculated.

4.2. Effect of gamma-irradiation on some biological

aspects of Spodoptera littoralis:-

Various features of population dynamics were studied

by constructing life tables for S. littoralis. The male life

tables of P, F1, F2 and F3 generations were constructed as

described by Atwal & Bains (1989). For ascertaining the

life table characteristics, a defined size of population was

established in field cages for a particular cross. Then the

batches of eggs collected from cross were reared to

determine age specific mortality in different life stages and

successful adult emergence, where adult emerged males

only of each generation was mated with normal females

then the life cycle of each produced progeny were studied.

Percent sterility was calculated according to

Chamberlain’s formula as mentioned by Guirguis (1979)

that the deficiency of hatchability of eggs in the mutagenic

treatment was scored as sterility as follows:

Sterility= 100 - ( a x b / A X B x 100)
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Where a= number of eggs/female in treatment.

b= % hatch in treatment.

A=number of eggs/female in control.

B=% hatch in control.

and also percentage of reduction was computed according

to the following formula:

Reduction = control - treated X 100

Control

5. Genetic studies:

5.1. DNA isolation procedure:

Young and fresh insect tissue samples were collected

separately from each cultivar. The bulked DNA extraction was

performed using DNeasy plant Mini Kit (QIAGEN).  Isolation

protocol of DNA was as follows:

1- Insect tissues were ground using liquid nitrogen to a fine

powder (5 gm), then, the powder was transferred to an

appropriately sized tube.

2- Then, 400 µl of buffer AP1 and 4 µl of RNase a stock

solution (100 mg/ml) were added to a maximum of 100

mg of ground plant tissues and vortexed vigorously.
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3- Mixture was incubated for 10 min at 65oC and mixed 2-

3 times during incubation by inverting tube.

4- Then, 130 µl of buffer AP2 was added to the lysate,

mixed and incubated for 5 min on ice.

5- Lysate was applied to the QIA shredder spin column

sitting in a 2 ml collection tube and centrifuged for 2

min at maximum speed (10.000 rpm).

6- Supernatant from step 5 was transferred to a new tube

without disturbing the cell-debris pellet.  Typically, 450

µl of lysate was recovered.

7- Then, 0.5 volume of buffer AP3 and 1 volume of

ethanol (96-100%) were added to the cleared lysate and

mixed by pipetting.

8- Then, 650 µl of the mixture from step 7 was applied

through DNeasy Mini spin column setting in a 2 ml

collection tube.  Then, centrifuged for 1 min at 8000

rpm and flow-through was then discarded.

9- DNeasy column was then placed in a new 2 ml

collection tube.  Then, 500 µl buffer AW was added

onto the DNeasy column and centrifuged for 1 min at

8000 rpm.

10-Then, 500 µl buffer AW was added to DNeasy column

and centrifuged for 2 min at maximum speed (10.000

rpm) to dry the column membrane.
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11-DNeasy column was then transferred to a 1.5 ml

microfuge tube and 100 µl of preheated (65oC) buffer

AE was pipetted directly onto the DNeasy column

membrane. Then, incubated for 5 min at room

temperature and centrifuged for 1 min at 8000 rpm to

elute.

12-Elution was repeated once as described.  A new

microfuge can be used for first elute. Alternatively, the

microfuge tube can be reused for the second elution step

to combine the elutes.

5.2. Polymerase chain reaction (PCR) condition stock

solutions

A. 5X Tris-borate (TBE), pH 8.0

B. Ethidium bromide

1- The stock solution was prepared by dissolving 1 g of

ethidium bromide in 100 ml distilled water and mixed

well with magnetic stirrer.

Tris-base 5.40   g

Boric acid 2.75   g

500 mM EDTA, 8.0 0.29   g

H2O (d.w) up to 100.00 ml
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2- Transferred to a dark bottle and stored at room

temperature.

C. Sample loading dye (5x)

PCR was performed in 30-µl volume tubes according to

Williams et al. (1990) that contained the following:

dNTPs (2.5 mM) 3.00  µl

MgCl2 (25 mM) 3.00  µl

Buffer (10 x) 3.00  µl

Primer (10 pmol) 2.00  µl

Taq DNA polymerse

(5U/µl)

0.20  µl

Template DNA (25 ng) 2.00  µl

H2O (d.w.) 16.80 µl

Na-EDTA, pH 8.0 (500

mM)

2.00   ml

Glycerol (100%) 5.00   ml

Bromophenol blue (2%) 0.75   ml

H2O (d.w.) 1.50   ml
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The PCRs were programmed for one cycle at 94º C for 4

min followed by 45 cycles of 1 min at 94 ºC, 1 min at 57 ºC,

and 2 min at 72 ºC. The reaction was finally stored at 72 ºC for

10 min

D. Gel preparation procedure

1- Agarose (1.40 gm) was mixed with (100ml) l x TBE

buffer and boiled in microwave.

2- Ethidium bromide (5µl) was added to the melted gel

after the temperature became 55°C.

3- The melted gel were poured in the tray of mini-gel

apparatus and comb was inserted immediately, then

comb was removed when the gel become hardened.

4- The gel was covered by the electrophoretic buffer ( 1 x

TBE).

5- DNA amplified product (15 µl) was loaded in each well

6- DNA ladder (100bp Ladder + 1500bp +3000bp) mix

was used as standard DNA with molecular weights of

3000, 1500, 1000, 900, 800, 700, 600, 500, 400, 300,

200,  and 100 bp. The run was performed for about 30

min at 80 V in mini submarine gel BioRad.
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5.3. Randomly amplified polymorphic DNA-PCR

(RAPD-PCR) procedure

PCR reactions were conducted using 5 arbitrary 10-mer

primers. Their names and sequences are shown in Table ( 1 ).
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Table (1): List of the primer names and their nucleotide

sequences used in the study for RAPD procedure.

No Name Sequence No Name Sequence

1
OP-

AX6
5´ AGG CAT CGT G3´ 4 OP-D05 5` ACC GCG AAG C 3`

2 OP-C01 5´ CTG CTG GGA C 3´ 5 OP-E03 5`CCA GAT GCA C 3`

3 OP-D01 5´ ACC CGC AAG G 3`
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5.4. Inter simple sequence repeats (ISSRs) procedure:

ISSR-PCR reactions were conducting using 5 primers.

Amplification was conducted in 25 µl reaction volume the

PCR products were separated on a 1.5 % agarose gels and

fragments sizes were estimated with the 100bp ladder marker

(1000,900,800,700, 600, 500, 400,300,200 and 100bp).

PCR reaction was conducted using five primers.  Their

names and sequences are shown in Table ( 2 ).
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Table ( 2 ): List of the primer names and their nucleotide

sequences used in the study for ISSR procedure.

No.
Primer Sequence No. Primer sequence

1
88A 5`CAC ACA CACACA CA  3` 4 HB13 5` GAG GAG GAG AGA GC 3`

2 99B 5`CAC ACA CAC ACA GT  3` 5 HB14 5`ACA ACA CAC GCC  AC3`

3 HB08 5`GAG AGA GAG AGA GG3`
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The DNA amplifications were performed in an automated

thermal cycle (model Techno 512) programmed for one cycle

at 94º C for 4 min followed by 45 cycles of 1 min at 94º C, 1

min at 36º C, and 2 min at 72º C. the reaction was finally

stored at 72º C for 10 min.

5.5. Data analysis

The similarity matrices were done using Gel works ID

advanced software UVP-England Program. The relationships

among genotypes as revealed by dendrograms were done using

SPSS windows (Version 10) program. DICE computer

package was used to calculate the pairwise difference matrix

and plot the phenogram among cultivars (Yang and Quiros)

1993).
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5.6. Nucleotide Sequence and Sequence Analysis

A DNA fragment of 645 bp, was 13 eluted and

sequenced using M universal forward and reverse primers.

Sequencing was performed using ABI 3730xl DNA sequencer

by Bioneer Company. Only by combining the traditional

Sanger technology with the new 454 technology. Analysis of

nucleotide and deduced amino acid sequences was carried out

using EditSeq-DNAstar Inc., Expert Sequence Analysis

software, Windows 32 Edit Seq 4.00 (1989-1999) and ExPasy

database on the internet. Blast search for alignment of

the obtained sequence with the published ones was done using

database of National Centre for Biotechnology Information

(NCBI).
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6. Assessment of results and statistical

analysis of data:-

Probit analysis of the effect of gamma irradiation on

the life cycle of the three P, F1, F2 and F3 generations

was conducted using SPSS (ver10.0) computer software

(SPSS for Windows, 1997) and the means of treatments

were compared by using the least significant difference

(L.S.D) at 0.05 level of probability according to

Duncan's multiple ranges (1955).
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IV. Results.

1. Biological studies

1.1. Effect of gamma-irradiation on percent emergence

and malformation of parents (Spodoptera littoralis).

Irradiation of full grown pupae with doses at 0, 50, 150,

250, 350 and 450 Gy, at two dose rates cobalt and cesium has

an effect on percent emergence and percent malformation of

the emerged adult.

1.1.1. Effect of cobalt irradiation:

Data in table 1, show that there was a difference

between percent adult emergence of unirradiated parents

(control) and those of the parents irradiated at doses (50, 150,

250, 350 and 450 Gy).

The highest percent emergence was 97.3% (control)

while it was slightly reduced to 91.8% and 78.2% at the doses

50 and 150 Gy, respectively. Then it decreased to 60.8 and

45.2 at 250 and 350 Gy, respectively. While, no adult were

emerged at 450 Gy. There were significant differences

between all doses except between control and 50 Gy.
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The result demonstrates that the dose level 450 Gy

completely inhibited adult emergence.

Percent malformation of the emerged adult in table 1,

shows a gradual increase as irradiation dose level was

increased, where percent malformation was 2% and 3% for

males and females, respectively, at the control test. Then it

reached its maximum level 60.1% and 84.6% at 350 Gy for

both male and female, respectively.

There were significant differences between all doses

except between 0 and 50 Gy for both male and female.

Male: female sex ratio increased as the irradiation dose

increased.
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Table (1) Effect of gamma irradiation (cobalt) on percent of
emergence and malformation of

Spodoptera littoralis parents treated as 8-days old pupae

L.S.D: Least Significant Difference

Sex ratiomalformed adult
%Reduction

%
Emerged

adult
%+S.E

No. of
pupaeDoses

Male :  FemaleFemale%
S.E+

Male%
S.E+

50  :   500.5+30.04+2-0.3+97.3250

61   :    390.7+6.60.2+3.93.60.5+91.82550

70    : 302.5+41.41.6+16.619.60.6+78.225150

76    :     240.7+73.60.8+46.934.61.8+60.825250

85   :     152.1+84.62+60.147.42.3+45.225350

-----25450

-6.54.7-11.4-
L.S.D.
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1.1.2. Effect of cesium irradiation:

As shown in table 2, irradiation has an obvious effect on

emergence percentage of adults at all doses, ranging from

97.3%, 93.8%, 80.6%, 63.6% and 49.2% for the doses 0, 50,

150, 250 and 350 Gy, respectively.

The result showed that, there was significant difference

for emergence percent at all the doses except between 0 and

50 Gy, the result demonstrates that the dose level 450 Gy

completely inhibited adult emergence.

Table 2, also shows that the percent malformation of

adults increased by increasing the irradiation doses, where in

case of control it was from 2 to 3 for males and females,

respectively. and then its value began to increase at 150 Gy

from 17.1 to 44.4 then it reached its maximum level from 55

to 84 at 350 Gy, for males and females, respectively.

There were significant differences between all doses

except between 0 and 50 Gy.

Females were more affected with irradiation than males,

male: female sex ratio increased as the irradiation dose

increased.
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Table (2) Effect of gamma irradiation (cesium) on percent of
emergence and malformation of

Spodoptera littoralis parents treated as 8-days old pupae

L.S.D: Least Significant Difference

Sex ratiomalformed adult
%Reduction

%
Emerged

adult
%

No. of
pupae

Doses
Male :
Female

Female
%

Male
%

50  :   503+0.52+0.04-97.3+0.3250

59   :    415.1+0.42.5+0.21.593.8+0.32550

68   :   3244.4+2.917.1+0.817.280.6+0.825150

73    :   2771.4+0.646.3+334.663.6+2.225250

81   :   1984+0.855+1.149.449.2+2.125350

-----25450

-5.64.5-10.2-
L.S.D
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1.2. Effect of gamma irradiation on life cycle of the first

generation of Spodoptera littoralis.

Irradiation of parents (as full grown pupa) with different

doses (0, 50, 150, 250, 350 and 450) of gamma irradiation

(cobalt and cesium), then pairing the emerged adults with

untreated adults of the opposite sex, as well as with each

other, affected some biological aspects of Spodoptera

littoralis.

1.2.1. Cesium irradiation.

1.2.1.1. Treated females X Normal males

Data in table 3, and illustrated in fig. 1, shows that there was

differences between the mean number of eggs laid by

unirradiated females (control group) and those of the females

mean number of eggs reduced from 421, 372.9 to 337.9 at 0,

50 and 150 Gy, respectively. Then it reached its minimum

level 292.7 at 250 Gy. There were significant differences

between all doses.

It is obvious from the results that the mean number of

eggs decreased by increasing the irradiation dose, which

means that fecundity is negatively affected by irradiation.

The results demonstrate that the dose level 350 Gy

completely inhibited egg laying.

The percent hatching of eggs laid by the irradiated females
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was smaller than of eggs laid by the unirradiated females.

Generally the hatching percentage decreased gradually as the

irradiation dose was increased, being 87.2. 65.7 and 45.1 at

50, 150 and 250 Gy, respectively.

There were significant differences between all doses

except between 0 and 50 Gy.

The percent sterility produced by irradiated females was 0

at control, and then it was increased from 20.2, 45.6 to 67.6

by increasing the dose level from 50, 150 to 250 Gy

respectively. There were significant differences between all

doses.

The cobalt irradiation has affected the developmental

period, where it increased as the irradiation dose increased; it

was 26.3 days for control group and decreased to 27.8, 30.4

and 32 days at the doses 50, 150 and 250 y, respectively.

The percent pupation was affected by irradiation, where as

the irradiation dose increased the percent pupation decreased.

So, the highest pupation percent was 88.7% at control. While,

the lowest percent pupation was 35.4% at 250 Gy. There

were significant differences between all dose levels.

The percent emergence decreased from 85% in the control

group to 51.3%, 29.7% and 16.9%at 50, 150 and 250 Gy,

respectively.
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Table(3) Effect of gamma irradiation (cesium) on life cycle of the first
generation of Spodoptera littoralis when irradiated female mated with

normal male
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The significant differences were found between all dose

levels except between 0 and 50 Gy.

The irradiation has also affected females more than

males, so male: female sex ratio increased as the irradiation

dose increased.

1.2.1.2. Normal females X Treated males

As shown in table 4, and fig. 2, there was a difference in

the mean number of eggs laid by females of non-irradiated

parents (control), and the parents of (N females X T males)

irradiated with (0, 50, 150, 250and 350 Gy). The results

demonstrated that the dose level 350 Gy completely inhibited

egg laying.

It is obvious from the results that the mean number of

eggs decreased by increasing the irradiation dose, which

means that fecundity is negatively affected by irradiation.

The mean number of eggs was 421 at control. This

number decreased to 383.3, 350.2 and 292.3 at doses 50, 150

and 250 Gy, respectively. The significance was obvious

between all dose levels.

Table 4, and fig. 2, show that the hatching percentage

decreased by increasing the irradiation doses, where it was
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96.8 in case of control and then it decreased to 89.3, 71.8 to

reach its minimum level 50.1at 250 Gy.

Fertility is thus gradually decreased by increasing the

irradiation dose.

There were significant differences at all doses except

between 0 and 50 Gy.

Table 4, and Fig. 2, showed that irradiation also

affected the sterility percentage, where it decreased as the

dose of gamma irradiation increased. Where it was 0 in case

of control, and increased to 16.1, 38.3 and 63.2 at 50, 150

and 250 Gy, respectively. The significant differences were

between all dose levels.

It is well pronounced that irradiation adversely affected

the developmental periods at each dose. As the irradiation

increased, the developmental periods increased until it

reached its maximum level 31.5 days at 250 Gy, and the

lowest was 26.3 days at 0 Gy. There were significant

differences at all dose levels.

The percent pupation was gradually decreased by

increasing the irradiation dose; it was 88.7%, 60%, 55.5%

and 43.2% at the doses 0, 50, 150 and 250 Gy, respectively.

There were significant differences at all dose levels.

The emergence percentage of adults S. littoralis

diminished gradually from 85%in case of control insects to
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53.3%, 32.5% and 20.9% at doses levels 0, 50, 150 and 250

Gy, respectively. This decrease was found to be significant at

all dose levels.

The irradiation has a great effect on females than for

males, male: female sex ratio increased as the irradiation dose

increased.
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Table(4) Effect of gamma irradiation (cesium) on life cycle of the first

generation of Spodoptera littoralis when irradiated male mated with

normal female
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1.2.1.3. Treated males X Treated females

Data in table 5, and illustrated in fig. 3, represents the

effect of gamma irradiations on the fertility of the irradiated

males paired with irradiated females, where it is obvious that

irradiation has a negative effect on the fertility of the insect.

The mean number of eggs diminished from 421egg/ female

at the control level to 352.6, 328.6 and 279.6 at the doses 50,

150 and 250 Gy, respectively. There were significant

differences at all doses except between 50 and 150 Gy. The

dose level 350 Gy completely inhibited egg laying.

The hatching percentage showed a gradual decrease from

96.8 in the normal insects to 85.9, 63.4 and 44.3 at 50, 150 and

250 Gy, respectively. This decrease was significant at all doses.

The reduction of sterility percent was deduced as a result of

the reduction of the number of eggs deposited and hatchability

by increasing the doses levels, where it increased from 0% at

control group to 25.6%, 48.8% and 69.6% at 50, 150 and 250

Gy, respectively. This reduction had significant differences at

all doses.

The periods of the development was gradually increased by

increasing the irradiation dose to be 26.3, 28.4, 31 and 32.6

days at the doses 0, 50, 150 and 250 Gy, respectively. This

induction had significant differences between all doses.
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The ability of the insect to pupate was decreasing by

increasing the irradiation dose to be at its maximum level 88.7%

at control. Then, it decreased to 56.6%, 46.8% and 27.3% as the

dose increased from 50, 150 and 250 Gy, respectively. This

result had significant differences between all doses.

The percent emergence of adults S. littoralis diminished

gradually from 85% in case of control insects to 49.9%, 29%

and 13.4% at dose levels 50, 150 and 250 Gy, respectively. This

reduction in the emergence percentage was significant at all

dose levels.

Male: female sex ratio increased as the irradiation dose

increased.
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Table(5) Effect of gamma irradiation (cesium) on life cycle of the first
generation of Spodoptera littoralis when irradiated female mated with

irradiated male
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1.2.2. Cobalt irradiation

1.2.2.1. Treated females X Normal males:

Data presented in table 6, and illustrated in fig. 4,

represent the mean number of eggs laid by irradiated female

paired with normal male.

It diminished from 421 / female at the control group to

357.7, 314.3 and 250.3 at dose levels 50, 150 and 250 Gy,

respectively. The adult emerged at the dose 350 Gy did not lay

eggs.

The reduction of the laid egg increased gradually and

reached its maximum level at 250 Gy. The significance was

obvious between all doses.

The percent of hatched eggs per female decreased from

96.8%, 85.8%, 61.2% and 45.9% at 50, 150 and 250 Gy,

respectively. This decrease was found to be significant at all

dose levels.

The irradiation has appositive effect on sterility where as

irradiation dose increase, the sterility increased, although there

was no sterility found at 0 dose level. While it increased to

24.7%, 52.8% and 71.8% at 50, 150 and 250 Gy, respectively.

The developmental period showed a marked increase with

increasing the irradiation dose; it increased from 26.3 days in

case of control insects to 28.2, 30.8 and 32.6 days, respectively.

The significant difference between all dose levels was found.
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The pupation percent diminished gradually from 88.7% in

case of control insects to 58.6%, 48.3% and 31.4% at dose

levels 50, 150 and 250 Gy, respectively. This reduction has

significant differences between all dose levels.

The emergence percent decreased from 85 at the control test

to 50.6%, 29.2% and 16.1%at 50, 150 and 250 Gy, respectively.

There were significant differences between all dose levels.

The irradiation has affected emergence percent of females.

So, male: female sex ratio increased as the irradiation dose

increased.
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Table (6) Effect of gamma irradiation (cobalt) on life cycle of the first
generation of Spodoptera littoralis when irradiated female mated with

normal male
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1.2.2.2. Treated males X Normal females:

As shown in table 7, and fig. 5, there was a difference in the

mean number of eggs laid by normal female paired with

irradiated males. This number was 421 at control group and

decreased to 367.9, 328.7 and 292.5 at doses 50, 150 and 250

Gy, respectively. The results demonstrate that the dose level

350 Gy completely inhibited egg laying.

It is obvious from the results that the mean number of eggs

decreased by increasing the irradiation dose, which means that

the fecundity is negatively affected by irradiation, there were

significant differences between all dose levels.

The hatching percentage also decreased by increasing the

irradiation dose, where it was 96.8% in case of control then it

decreased to 89.6%, 66.7% at 50, 150 Gy, respectively. Until it

reached its minimum level 49.6% at 250 Gy.

Fertility is thus gradually decreased by increasing the

irradiation dose.

It is quite clear from the results obtained from table 7,

that irradiation has a positive effect on percent sterility, where

sterility was 0% at 0 dose, and it increased to 19.1%, 46.2%

and 64.4% at 50, 150 and 250 Gy, respectively. There were

significant differences at all dose levels.



Results

76

We can also notice that the irradiation affected the

developmental periods, where the smallest period was

recorded 26.3 days in case of control and it increased by

increasing the irradiation until it reached 32.2 days at 250 Gy.

There were significant differences at all doses except between

0 and 50 Gy.

Also table 7, shows the relation between irradiation and

pupation percentage of S. littoralis, where the highest pupation

percent was 88.7% at control group and it decreased to 60.1%,

53.6% and 36.3% at 50, 150 and 250 Gy, respectively. The

significance was obvious between all dose levels.

It is clear that emergence percentage of S. littoralis was

affected by irradiation, thus as irradiation increased the

emergence percentage decreased, where the highest percent

was 85% at 0 Gy and decreased to 52.4%, 30.4% and 18.3%

at 50, 150 and 250 Gy, respectively. The results showed that

there were significant differences between all dose levels.

It is quite clear from the table that male: female sex ratio

increased as the irradiation dose increased.
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Table (7) Effect of gamma irradiation (cobalt) on life cycle of the first
generation of Spodoptera littoralis when irradiated male mated with

normal female
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1.2.2.3. Treated females X Treated males

As shown in table 8, fig. 6, it is clear that there were

differences between the mean number of eggs laid by females

of non – irradiated females (control) and those laid by irradiated

females paired with irradiated males at doses 50, 150 and 250

Gy, but for 350 Gy no eggs was laid.

The mean number of eggs was 421 at 0 Gy, which

decreased to 349.5, 303.5 and 239.4 at 50, 150 an d 250 Gy,

respectively. The significant differences were found between all

dose levels.

In case of fertility, hatchability of S. littoralis eggs

decreased as the irradiation dose increased. It was 96.8%,

82.9%, 58.1% and 42.2% at 0, 50, 150 and 250 Gy,

respectively. It may be concluded that there were significant

differences in hatching percentage at all doses except between 0

and 50 Gy.

We notice from table 8, that the calculated sterility percent

increased as irradiation dose increased, where it was 0% at 0 Gy

and raised to 28.9% and 56.7% at 50 and 150 until it reached is

maximum level 75.2% at 250 Gy.

A significant difference in sterility percent was found at all

dose levels.

Table 8, fig. 6, shows that irradiation affected the

developmental periods, where it reached its minimum value
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26.3 day (for control) and as the irradiation dose increased the

developmental period increased until it reached 31.3 and 32.8

day at 150 and 250 Gy, respectively. The significant differences

in developmental periods occurred under all doses levels.

The largest value of pupation percent was 88.7%at the

control dose and as the irradiation dose increased it decreased to

61.6%, 46.6% at 50 and 150 Gy, respectively. Until it reached

its lowest value 26.3% at 250 Gy.

We can conclude that, a significant difference in pupation

percentage was attained between all dose levels.

Table 8, fig. 6, shows the relation between the irradiation

doses and emergence percentage of S. littoralis, where

irradiation has an obvious effect on emergence percentage, we

notice that the emergence percentage was 85%, 49.4%, 28.7%

and 11% at 0, 50, 150 and 250 Gy, respectively. There were

significant differences at all doses levels.

Male: female sex ratio increased as the irradiation dose

increased.
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Table (8) Effect of gamma irradiation (cobalt) on life cycle of the first
generation of Spodoptera littoralis when irradiated female mated with

irradiated male
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1.3- Effect of gamma irradiation on the life cycle of the

second generation of Spodoptera littoralis.

Tables 9, 10, 11, 12, 13 and 14, fig 7, 8, 9, 10, 11 and 12

show the effect of irradiation of full grown pupa of S. littoralis

with different doses of gamma irradiation (0, 50 , 150, 250 and

350) as two doses rates (cesium and cobalt) on the life cycle

(mean number of eggs, hatchability, sterility, developmental

periods, pupation percent, emergence percent and sex ratio) of

the second generation males emerged from females paired as

(Treated females X Normal males, Treated males X Normal

females and Treated females X Treated females) compared with

control.

1.3.1. Cobalt irradiation.

1.3.1.1. Treated females X Normal males

As shown in table 9, and illustrated in fig. 7,. We notice

that the mean number of eggs was affected by irradiation, where

it increased as the irradiation dose was increased.

It diminished from 422 at control group to 332.2, 310.3 and

200.2 at 50, 150 and 250 Gy, respectively. There were no eggs

were laid at the dose level 350 Gy.

The percent hatching was also negatively affected by

irradiation, where the highest hatching percent was 96.3% at 0

dose level, and then it decreased to 70.7%, 39% and 27.4% at

50, 150 and 250 Gy, respectively. There were significant
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differences between all dose levels.

The calculated percent sterility of eggs laid was increased

gradually until it reached its maximum value 86.5% at 250 Gy.

there were significant differences between all doses.

The developmental period extended as the irradiation dose

increased, where it was 26.6 day at 0 Gy and increased to 28.7,

31.4 and 32.5 day at 50, 150 and 250 Gy, respectively. There

were significant differences at all doses except between 150 and

250 Gy.

Percent pupation was also negatively affected by

irradiation, where the highest pupation percent was 90% at

control group and it reduced to 58.4%, 34.4% and 17.3% at 50,

150 and 250 Gy, respectively.

The emergence percent decreased from 86.3% at the

control test to 38.9%, 15.9%and 2.2% at 50, 150 and 250 Gy,

respectively. The significances were obvious at all doses levels.

Females were more affected by irradiation than males, so

male: female sex ratio increased as the irradiation dose

increased.
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Table(9) Effect of gamma irradiation (cobalt) on the life cycle of the
second generation of Spodoptera littoralis resulted from mating of

irradiated female and normal male
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1.3.1.2. Treated males X Normal females

Data in table 10, fig 8, shows that there was a difference

between the mean number of eggs laid by unirradiated parents

(control group) and those irradiated at doses 50, 150, 250 and

350 Gy.

The highest mean number of eggs was 422 (control), while

it was slightly reduced to 338.1, 315.2 and 209.7 at the doses

50, 150 and 250 Gy, respectively. There were significant

differences at all doses except between 50 and 150 Gy. The

dose 350 Gy was an inhibitor for insect fecundity.

Concerning data in table 10, irradiation affected fertility,

thus hatchability was slightly reduced from 96.3% in case of the

control to 71.4% at 50 Gy, and there was a reduction at 150 and

250 Gy to be 40.6% and 31%, respectively. The significances

were at all dose levels except between 150 and 250 Gy.

From these results it is clear that the calculated sterility

percent was in induction as irradiation doses increased, where it

was 0% at 0 Gy and increased to 40.6%, 68.5% and 84.3% at

50, 150 and 250 Gy, respectively. There were significant

differences at all dose levels except between 150 and 250 Gy.

The irradiation has a positive effect on the developmental

periods on the emerged second generation males of S. littoralis,

where it was 26.6 day at 0 Gy and then it increased to be 28.8,

31 and 31.8 day at 50, 150 and 250 Gy, respectively. There
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were significant differences at all doses levels except between

150 and 250 Gy.

The pupation percent diminished gradually from 90 % in

case of control insects to 60.8%, 32.3% and 19.4% at 50, 150

and 250 Gy, respectively. The differences at all pupation

percent were significant except between 150 and 250 dose

levels.

The emergence percent decreased from 86.3% at control

test to 39.8%, 17.4% and 4% at 50, 150 and 250 Gy,

respectively. This reduction was significantly different at all

dose levels.

Male: female sex ratio increased as the irradiation dose

increased.
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Table (10) Effect of gamma irradiation (cobalt) on the life cycle of the
second generation of Spodoptera littoralis resulted from mating of

normal female and irradiated male
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1.3.1.3. Treated females X Treated males

As sown in table 11, fig. 9, there was a difference between

the mean number of eggs laid by females paired with the second

generation of males emerged from irradiated parents (T females

X T males) at doses 0, 50, 150, 250 and 350 Gy.

The fecundity was gradually decreased by increasing of

gamma irradiation dose, until it completely inhibited at 350 Gy,

where number of eggs was 422 for 0 Gy, it decreased to 352.8

at 50 Gy, until it reached to the lowest level 147.6 at 250 Gy,

the dose 350 Gy completely inhibited fecundity. There were

significant differences at all doses levels except between 50 and

150 Gy.

From table 11, and fig 9, it is clear that there was an inverse

relation between hatchability and gamma irradiation.

The maximum level was reached in case of control to 96.3 %,

but at 50 and 150 it decreased to 67.9 %, then it reached its

minimum level at 250 Gy, to be 26.3 %. The significance was at

all doses except between 150 and 250 Gy.

The calculated sterility was increased by increasing the

irradiation doses to be from 0%, 45.5%, 74.1% and 88.7% at

doses levels 0, 50, 150 and 250 Gy, respectively. The

significant differences between all doses were found except

between the two doses 150 and 250 Gy.
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Also table 11, fig. 9, shows that the irradiation affected the

developmental periods, where it was 26.6 day at 0 Gy (control).

As the irradiation dose increased, the developmental periods

increased until it reached to 34 day at the greatest dose level

250 Gy. We notice from table (14) that significant differences in

developmental periods of the insect occurred between all doses

levels.

As shown in table 11, and fig. 9, it is clear that there were

differences between the pupation percent of S. littoralis at all

irradiation doses, where the largest percent was 90% at the

lowest irradiation dose 0 Gy. Then it decreased by increasing

the irradiation dose to be 56.8%, 28.5% and 7% at the doses 50,

150 and 250 Gy, respectively. The significance was obvious at

all doses except between the doses 150 and 250 Gy.

We can also notice that irradiation affected also the

emergence percent, where the highest percent was recorded

86.3% at control group, and then it reduced to 28.6% at 0 Gy,

until it reached to 1.2% at 250 Gy. The significances were

found between all doses levels except between the doses 150

and 250 Gy.

The irradiation has affected percent emergence of females

than for males, so male: female sex ratio increased as the

irradiation dose increased.
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Table (11) Effect of gamma irradiation (cobalt) on the life cycle of the
second generation of Spodoptera littoralis resulted from mating of

irradiated male and irradiated female



Results

94



Results

95

1.3.2. Cesium irradiation

1.3.2.1. Treated females X Normal males

Data presented in table 12, and illustrated in fig. 10,

Represent the mean number of eggs laid by females paired with

the second generation of males emerged from (T females X

Normal males) with cesium irradiation.

It is clear that as irradiation doses increased the mean number

of eggs decreased, where it was at its maximum level 422 at

control group, then reduced to reach 230.3 at 250 Gy, there

were no eggs were laid at 350 Gy, the significances at all dose

levels except between the two doses 50 and 150 Gy.

The irradiation also affected the hatchability, where the

highest hatching percent was 96.3% at 0 Gy and then it

decreased by increasing the dose levels to be 69.6%, 40.8 and

29.5% at dose levels 50, 150 and 250 Gy, respectively. There

were significant differences at all doses levels except between

the two doses 150 and 250 Gy.

As a result the sterility percent was positively affected by

irradiation, where it was 0 at 0 Gy, and increased to be 40.3%,

68.3% and 83.3% at the dose levels 50, 150 and 250 Gy,

respectively. The significant difference was clear at all doses

except between the doses 150 and 250 Gy.

From table 12, and figure 10, it is obvious that the

irradiation also affected the developmental periods of S.
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littoralis, where it extended from 26.6 day at 0 Gy to 27.6,

30.3and 32.3 days at 50, 150 and 250 Gy, respectively.

The significance was clear at all developmental periods

between all doses levels.

The reduction of the pupation percent was found as

irradiation doses increased, where the highest percent was 90%

at the control test, and it decreased to 62.5% and 47.4% at 50

and 150 Gy, respectively. Until it reached its lowest value at

250 Gy to be 28%.The significance was found at all doses.

The relation between irradiation and emergence percent of

S. littoralis was studied, as shown in table 12, and fig. 10, show

that irradiation has a negative effect on emergence percentage,

this reduction had significant differences at all doses levels.

Male: female sex ratio increased as the irradiation dose

increased.
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Table (12) Effect of gamma irradiation (cesium) on the life cycle of the
second generation of Spodoptera littoralis resulted from mating of

irradiated female and normal male
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1.3.2.2. Treated males X Normal females.

As shown in table 13, and fig. 11, there were differences

between the mean number of eggs laid per female paired with

the second generation of males emerged  from (T males X N

females) with doses 0, 50, 150, 250 and 350 Gy.

Where the largest mean number of eggs were at the control

group 422 and it reduced to 353.9, 322.3 and 236.9 at 50, 150

and 250 Gy, respectively. There were significant differences at

all doses levels except between the two doses 50 and 150 Gy.

The dose 350 Gy completely inhibited egg laying.

The hatchability was also affected by irradiation, where as

irradiation dose increased the hatchability decreased, as it was

96.3% at 0 Gy and reduced to reach its lowest value 33.8% at

the largest dose level 250 Gy. There were significant

differences at all doses levels except between the two doses150

and 250 Gy.

The sterility percent as a result of the reduction of

hatchability and mean number of eggs was increased when

compared with irradiation doses, where it was 0% at 0 Gy, and

then it increased to 37.2, 65.1% and 80.3%at the doses 50, 150

and 250 Gy, respectively. The significance was obvious at all

doses levels.
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The irradiation affected on the developmental periods of the

insect, where it was 26.6 day at 0 Gy, and then it increased to be

26.8, 28.6 and 29.6 at the dose levels 50, 150 and 250 Gy.

The percent pupation was reduced by increasing the

irradiation dose where it was 90% at control test and then it

reduced o be 64.1%, 53.7% and 43.7% at the dose levels 50,

150 and 250 Gy, respectively. The significance was found at all

dose levels except between 150 and 250 Gy.

The emergence percent was decreased by increasing the

irradiation dose, where it was 86.3%at control group and

decreased to 48.4%, 27.3% and 13.3% at the dose levels 50, 150

and 250 Gy, respectively. The significances were found at all

dose levels.

The irradiation has affected percent emergence of females

than for males, so male: female sex ratio increased as the

irradiation dose increased.
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Table (13) Effect of gamma irradiation (cesium) on the life cycle of the
second generation of Spodoptera littoralis resulted from mating of

normal female and irradiated male
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1.3.2.3. Treated females X Treated males

Data on the effect of four gamma irradiation doses (0, 50,

150, 250 and 350 Gy) on the fertility of the second generation

of males emerged males from irradiated parents (as full grown

pupae) on the mean number of eggs, hatchability, sterility,

developmental period, pupation percent, emergence percent and

sex ratio are represented in table 14, and fig. 12,.

The mean number of eggs deposited decreased gradually by

increasing the irradiation dose, where in case of control it was

422 and decreased gradually to be 338.3, 320.4 and 190 at 50,

150 and 250 Gy, respectively. There were no eggs were laid at

the dose level 350 Gy, the significances were found at all dose

levels except between doses 50 and 150 Gy.

The irradiation has affected the fecundity of S. littoralis,

where the highest hatching percent was 96.3% at control group,

and y increasing the irradiation dose; it decreased until reached

its lowest value 31.7% at the dose 250 Gy. We can notice the

significant differences at all dose levels except between the

doses 150 and 250 Gy.

The calculated sterility induced gradually by increasing the

irradiation dose. The significances were clear at all dose levels.

It is obvious from table 14, and fig. 12, that the irradiation

has affected positively on the developing periods of the insect,

where it increased from 26.6, 29.5, 31.6 to 33 day at the doses
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0, 50, 150 and 250 Gy. The significant differences were

recorded at all developmental periods between all dose levels.

The pupation percent gradually decreased by increasing the

irradiation doses, where the maximum value was90% at control

test and it reduced to be 56.6%, 18.5% and 15.6% at the dose

levels 50, 150 and 250 Gy, respectively.  We can notice the

significant differences at all doses levels except between 150

and 250 Gy.

The emergence percent of adults S. littoralis diminished

gradually from 86.3% in case of control insects to 34.3%,

11.8% and 7.7% at dose levels 50, 150 and 250 Gy,

respectively. The significances were found at all doses levels

except between 150 and 250 Gy.

The irradiation affected the sex ratio of the emerged adults,

so male: female sex ratio increased as the irradiation dose

increased.
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Table (14) Effect of gamma irradiation (cesium) on the life cycle of the
second generation of Spodoptera littoralis resulted from mating of

irradiated male and irradiated female
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1.4. Effect of gamma irradiation on the life cycle of the third

generation of Spodoptera littoralis.

Tables 15, 16, 17, 18,19 and 20, fig (13, 14, 15, 16, 17 and

18) show the effect of irradiation of full grown pupa  of S.

littoralis with different doses of gamma irradiation (0, 50, 150,

250 and 350)  as (cesium and cobalt sources) on the life cycle

(mean number of eggs, hatchability, sterility, developmental

periods, pupation percent, emergence percent and sex ratio) of

the third generation males emerged from (Treated females X

Normal males, Treated males X Normal females and Treated

females X Treated females) compared with control.



Results

108

1.4.1. Cobalt irradiation.

1.4.1.1. Treated females X Normal males

As shown in table 15, figure 13, there were differences

between the mean number of eggs laid by females paired with

the third generation of males emerged from (T females X N

males) at doses 0, 50, 150, 250 and 350 Gy.

The fecundity was gradually decreased by increasing the

gamma irradiation dose, where number of eggs was 430 at 0

Gy, and then it decreased to 403.3 at 50 Gy, until it reached to

353.2 at 250 Gy. The dose 350 Gy completely inhibited egg

laying, there were significant differences between all dose

levels.

Table 15, and figure 13, show that the hatching percentage

decreased by increasing the irradiation doses, where it was

97.2% in case of control and then it decreased to 91.2%,87.2%

and 78.2 at the doses 50, 150 and 250 Gy, respectively. There

were no eggs were laid at the dose 350 Gy.

Fertility is thus gradually decreased by increasing the

irradiation dose. This reduction was significant at all doses.

The concluded sterility percent was gradually increased by

increasing the irradiation dose where it was 0% at 0 Gy and

increased to12%, 26.4% and 41.6% at 50, 150 and 250 Gy,

respectively. The significances were obvious at all dose levels.
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The periods of the development were gradually increased by

increasing the irradiation dose to be 26.4, 26.8, 27.4 and 28.3

day at the doses 0, 50, 150 and 250 Gy, respectively. This

induction had significant differences at all doses.
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Table (15) Effect of gamma irradiation (cobalt) on the life cycle of the
third generation of Spodoptera littoralis resulted from mating of

irradiated female and normal male
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The pupation percent diminished gradually from 91.2% in

case of control insects to 69.2%, 66.3% and 58.6%  at dose

levels 50, 150 and 250 Gy, respectively. This reduction was

significant at all dose levels except between 50 and 150 Gy..

The emergence percent decreased from 88.9% at control

test to 63.3%, 64.6% and 52.1% at 50, 150 and 250 Gy,

respectively.

This reduction was significant at all doses levels.

Male: female sex ratio increased as the irradiation dose

increased.
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1.4.1.2. Treated males X Normal females.

Data presented in table 16, and illustrated in fig. 14,

represents the mean number of eggs laid by irradiated female

paired with normal male.

It diminished from 430 / female at the control group to

408.5, 357.1 and 324.8 at dose levels 50, 150 and 250 Gy,

respectively.

The reduction of the egg laid was increased gradually and

reached its maximum level at 250 Gy. The dose 350 Gy was an

inhibitor for eggs laying, the significances were obvious at all

doses.

The hatching percentage showed a gradual decrease from

97.2% at the normal insects to 93.3%, 88.6% and 79% at 50,

150 and 250 Gy, respectively. This decrease was significant at

all doses.

The reduction of sterility percent was reduced as a result of

the reduction of the number of eggs deposited and hatchability

by increasing the dose levels, this reduction was significantly

different at all doses except between the two doses 0 and 50 Gy.

Table 16, fig. 14, shows that irradiation affected the

developmental periods, where its lowest value was 26.4 day at

control and as the irradiation dose increased the developmental

period increased until it reached 26.9, 27.6 and 28.5 day at 50,
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150 and 250 Gy, respectively. The significant differences

between developmental periods occurred under all dose levels.

The percent pupation was reduced by increasing the

irradiation dose where it was 91.2% at control test and then it

reduced to be 69.2%, 66.2% and 58.6% at the dose levels 50,

150 and 250 Gy, respectively. The significances were found at

all dose levels.

Table 16, and fig. 14, showed the relation between the

irradiation doses and emergence percentage of S littoralis,

where irradiation had an88 obvious effect on emergence

percentage, as it was 88.9%, 64%, 59.2% and 54.1% at doses 0,

50, 150 and 250 Gy, respectively.  There were significant

differences at all dose levels.

The irradiation has affected percent emergence of females

than for males, so male: female sex ratio was increased as the

irradiation dose increased.
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Table (16) Effect of gamma irradiation (cobalt) on the life cycle of the
third generation of Spodoptera littoralis resulted from mating of

normal female and irradiated male
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1.4.1.3. Treated male X Treated female

As shown in table 17, fig. 15, there were differences

between the mean number of eggs laid by females paired with

the third generation of males emerged from (T females X T

males) at doses 0, 50, 150, 250 and 350 Gy.

The fecundity was gradually decreased by increasing of

gamma irradiation dose, where number of eggs was 430 for 0

Gy, it decreased to 397.3 at 50 Gy, until it reached to 301.2 at

250 Gy. There were no eggs were laid at 350 Gy, the significant

differences were found at all dose levels.

The percent hatching was also negatively affected by

irradiation, where the highest hatching percent was 97.2% at 0

dose level, then it decreased to 89.1%, 85% and 74.2% at 50,

150 and 250 Gy, respectively. There were significant

differences at all dose levels.

We notice from table 17, that the calculated sterility percent

increased as irradiation dose increased, where it was 0 at 0 Gy

and raised to 15.3% and 30.3% at 50 and150 until it reached is

maximum level 46.5% at 250 Gy.

The significant differences between sterility percent was

found at all dose levels.

The irradiation had a positive effect on the developmental

periods on the emerged third generation of S. littoralis, where it

was 26.4 day at 0 Gy and then it increased to be 27.3, 29.2 and
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30.3 at 50, 150 and 250 Gy, respectively. There were significant

differences at all dose levels.

The pupation percent diminished gradually from 91.2% in

case of control insects to 66.3%, 60.3% and 53.3% at 50, 150 an

250 Gy, respectively. The differences between all pupation

percent were significant at all dose levels.

It is clear that emergence percentage of S. littoralis was

affected by irradiation, thus as irradiation increased the

emergence percentage was decreased, where the highest

percent was 88.9% at 0 Gy and decreased to 60.3%, 55.3%

and 48.6% at 50, 150 and 250 Gy, respectively. The results

showed that there were significant differences at all dose

levels.

It is quite clear from the table that male: female sex ratio was

increased as the irradiation dose increased.
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Table (17) Effect of gamma irradiation (cobalt) on the life cycle of the
third generation of Spodoptera littoralis resulted from mating of

irradiated male and irradiated female
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1.4.2. Cesium irradiation.

1.4.2.1. Treated females X Normal males

As shown in table 18, fig. 16, there were differences

between the mean number of eggs laid by females paired with

the third generation of males emerged from (T females X N

males) at doses 0, 50, 150, 250 and 350 Gy.

It is clear that as irradiation doses increased the mean

number of eggs decreased, where it was at its maximum level

430 at control group, then it reduced to reach 323.6 at 250 Gy,

but the dose 350 Gy inhibited egg laying. There were significant

differences at all dose levels.

The hatching percentage showed a gradual decrease from

97.2% at normal insects to 92.2%, 88.6% and 79.7% at 50, 150

and 250 Gy, respectively. This decrease was significant at all

doses.

The reduction of sterility percent was reduced as a result of

the reduction of the number of eggs deposited and hatchability

by increasing the dose levels, this reduction had significant

differences at all doses.

Table 18, fig. 16, shows that irradiation affected the

developmental periods, where it reached its minimum value

26.4 (in case of control) and as the irradiation dose increased

the developmental period increased until it reached 26.7, 27.4

and 28 at 50, 150 and 250 Gy, respectively. The significant
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differences between developmental periods occurred at all dose

levels except between 0 and 50 Gy..

The largest value of pupation percent was 91.2% at control

dose and as the irradiation dose increased it decreased to be

70.1% and 57.3% at 50 and 150 until it reached the lowest value

77% at 250 Gy.

We can conclude that, the significant differences for

pupation percentage were attained at all dose levels.

It is quite clear from results obtained from table 18, that as

irradiation dose increased, percent emergence decreased. Until

it reached its lowest value 57% at 250 Gy. The significances

were obvious at all dose levels.

Sex ratio of males to females increased as irradiation dose

increased.
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Table (18) Effect of gamma irradiation (cesium) on the third
generation of Spodoptera littoralis resulted from mating of irradiated

female and normal male
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1.4.2.2. Treated males X Normal females

As sown in table 19, fig. 17, there were differences between

the mean number of eggs laid by females paired with the third

generation of males emerged from (T males X N females) at

doses 0, 50, 150, 250 and 350 Gy.

The fecundity was gradually decreased by increasing of the

gamma irradiation dose, where number of eggs was 430 for 0

Gy. It decreased to 411 and 352 at 50 and 150 Gy, respectively,

until it reached to 331.8 at 250 Gy. 350 Gy inhibited fecundity.

There were no significant differences at all dose levels except

between 50 and 150 Gy.

Data in table 19, reveal that irradiation affected fertility,

thus hatchability was slightly reduced from 97.3% in case of the

control to 94.5% at 50 Gy. There was a reduction at 150 and

250 Gy to be 89.1% and 81.5%, respectively. The differences

were significant at all dose levels except between 0 and 50 Gy..

From these results it is clear that the calculated sterility

percent was in induction as irradiation doses increased, where it

was 0% at 0 Gy and increased to 8%, 25% and 35.3% at 50, 150

and 250 Gy, respectively. There were significant differences at

all dose levels except between 0 and 50 Gy.

The developmental period increased as the irradiation dose

increased, where it was 26.4 days at 0 Gy and reached to 29.6

days at 250 Gy. There were significant differences at all doses.
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Percent pupation also was negatively affected by

irradiation, where the highest pupation percent was 91.2% at

control group and it reduced to 68.9%, 62% and 55.7% at 50,

150 and 250 Gy, respectively. We can notice the significant

differences between all pupation percent at all dose levels.

The emergence percent of adults S. littoralis diminished

gradually from 88.9% in case of control insects to 62.7%,

58.6% and 50.5% at doses 50, 150 and 250 Gy, respectively.

The significant differences were found at all dose levels.

The irradiation affected the sex ratio of males to females,

where it increased as the irradiation dose increased.
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Table (19) Effect of gamma irradiation (cesium) on the life cycle of the
third generation of Spodoptera littoralis resulted from mating of

normal female and irradiated male
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1.4.2.3. Treated males X Treated females

As shown in table 20, and illustrated in fig. 18, we notice

that the mean number of eggs was affected by irradiation, where

it increased as the irradiation dose increased.

It diminished from 430 at control group to 400.4, 347 and

315.3 at 50, 150 and 250 Gy, respectively. No eggs were laid at

350 Gy. This reduction was significant at all dose levels.

The percent hatching was also negatively affected by

irradiation, where the highest hatching percent was 97.2% at 0

dose level, and then it decreased to 90.5%, 87.2% and 76.2% at

50, 150 and 250 Gy, respectively. There were significant

differences at all dose levels except between 0 and 50 Gy.

The calculated sterility induced gradually by increasing the

irradiation dose. The significance was clear at all dose levels.

From table 20, and fig. 18,. It is obvious that the irradiation

also affected the developmental periods of S. littoralis, where it

increased from 26.4 days at 0 Gy to be 28, 30.7and 32.5 days at

50, 150 and 250 Gy, respectively.

The significant differences were clear between all

developmental periods at all dose levels.

The pupation percent diminished gradually from 91.2% in

case of control insects to 63.3%, 55.3% and 47.2% at 50, 150

and 250 Gy, respectively. The differences between all pupation

percent were significant.
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The emergence percent decreased from 88.9% at control

test to 61.8%, 49.7% and 45.7% at 50, 150 and 250 Gy,

respectively. This reduction was significant at all dose levels.

Females were more affected by irradiation than males, so

Male: female sex ratio increased as the irradiation dose

increased.
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Table (20) Effect of gamma irradiation (cesium) on the life cycle of the
third generation of Spodoptera littoralis resulted from mating of

irradiated male and irradiated female
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2. Molecular studies .

2.1. RAPD -PCR:

RAPD fingerprint profiles were generated by using random

10-mer primers on genomic DNA from S. littoralis to

distinguish between the normal form and the irradiated insects.

Irradiated insects were obtained by exposing the full grown

pupae to six doses of gamma rays 50, 150, 250, 250, 350 and

450 Gy, with two sources (cobalt and cesium). The dose 450 Gy

caused no emergence for the adults, but the emerged adults at

the dose 350 Gy were 100% sterile (i.e. did not lay eggs or had

no progeny). As a result, adult male insects emerged from

irradiated full grown pupae at doses 50, 150 and 250 Gy, (of the

treatments Tf  X Nm, Tm X Nf and Tf X Tm) as well as

unirradiated normal males for the generations parents, F1 and F2

were collected to analyze any change in the DNA  structural

which might be induced by irradiation treatment.

2.1.1. RAPD-PCR for S. littoralis irradiated with cobalt

source:

Five random 10-mer primers were used for screening the

genomic DNA extracted of S. littoralis, OP-AX6, C01, D05,

D01 and E03. The number of RAPD – PCR bands for both

control and irradiated insects of the three generations were 61,
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distributed as13, 13, 10, 11 and 13 with primers OP-AX6, OP-

C01, OP-D05, OP-D01 and OP-E03, respectively.

The molecular size ranged from 2404 bp to 100 bp. The

highest molecular size was detected by using the primer OP-

D01and the lowest molecular size was detected by using the

primer OP-E03.

Only 7, 7, 8, 7 and 7 bands were observed in control S.

littoralis in case of OP-AX6, OP-C01, OP-D05, OP-D01 and

OP-E03 primers, respectively (fig.19, 20, 21, 22 and 23).

Several common bands molecular size from 356 to 318 bp in

case of OP-AX6 (2 bands), from 576 to 234 bp in case of OP-

C01 (3 bands), from 400 to 200 bp in case of OP-D05 (2 bands),

from 571 to 500 bp in case of OP-D01 (two band) and from 326

to 157 bp in case of OP-E03 (two band) was observed in all

treated samples except at F2 250 Gy, (genes were turned on).

On the other hand, two bands of 613 and 482, one band of

793, one band of 225 bp, 3 bands of 1305, 691 and 452 bp and 2

bands of 800 and 490 bp were recorded in control insects in

case of OP-AX6, OP-C01, OP-D05, OP-D01 and OP-E03

primers, respectively and disappeared in irradiated ones (a gene

was turned off).

At F2 50 Gy –irradiation, one (733 bp) and two (2404 and

1500 bp) specific bands were appeared in case of OP-AX6, OP-

C01and OP-D01primers, respectively. At F2 150 Gy –
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irradiation, one (1200 bp) specific band was appeared in case of

OP-C01 primer, but for F2 250 Gy- irradiation, one (1286 bp)

specific band was appeared in case of  OP-AX6 and one (1036

bp), one (1500 bp) for F2 50 Gy in case of OP-C01  and OP-

D01 primers, respectively. No treatment-specific bands were

observed at P 50, 150 and 250 Gy and their F1 in case of OP-

AX6, OP-C01, OP-D05, OP-D01 and OP-E03 primers. As

shown in tables (21, 22, 23, 24 and 25).

In addition, one band (318 bp) at F2 50 Gy, 2 bands (from

716 to 639 bp) at F2 150 and F1 250 Gy, 3 bands (from 510 to

400 bp) at P 50, P 150 and F1150 Gy, 4 bands (from 914 to 500

bp) at P 50, P, F1, F2 150 and F1250 Gy were overexpressed in

case of OP-AX6, OP-C01, OP-D05, OP-D01 and OP-E03

primers, respectively.
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Table (21) DNA polymorphism using randomly amplifying DNA
(RAPD) with OP – AX6 primer for untreated control, parents

treated with 50, 150 and 250 Gy, (cobalt source), theirF1and F2.

Primer
Band
no. M.S

Dose 50 150 250
Control P F1 F2 P F1 F2 P F1 F2

O
P

–
A

X
6

1 1286 0 0 0 0 0 0 0 0 0 1
2 1094 1 0 0 0 0 0 0 0 0 1
3 800 0 0 0 0 0 0 0 1 1 1
4 733 0 0 0 1 0 0 0 0 0 0
5 689 0 1 1 1 1 1 1 1 1 1
6 613 1 0 0 0 0 0 0 0 0 0
7 537 0 1 0 1 0 0 0 1 1 1
8 482 1 0 0 0 0 0 0 0 0 0
9 443 0 1 0 1 0 0 0 1 1 1

10 356 1 1 1 1 1 1 1 1 1 1
11 318 1 1 1 1 1 1 1 1 1 1
12 274 0 0 0 1 0 0 1 0 0 0
13 156 0 1 1 1 1 1 1 1 1 1

Total 13 13 5 6 4 8 4 4 5 8 7 9

M.S: Molecular Size
1:Means the presence of band.
0:Means the absence of  band
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Table (22) DNA polymorphism using randomly amplifying DNA
(RAPD) with OP-C 01 primer for untreated control, parents treated

with 50, 150 and 250 Gy, (cobalt source), theirF1and F2.

Primer
Band
no. M.S

Dose 50 150 250
Control P F1 F2 P F1 F2 P F1 F2

O
P

-C
 0

1

1 1443 0 0 0 1 0 0 0 0 0 0
2 1200 0 0 0 0 0 0 1 0 0 1
3 1036 0 0 0 1 0 0 0 0 0 1
4 900 0 0 0 1 0 0 1 0 0 1
5 793 1 0 0 1 0 0 1 0 0 1
6 716 1 1 1 1 1 1 1 1 1 0
7 639 1 0 0 1 0 0 1 0 0 1
8 576 1 1 1 1 1 1 1 1 1 1
9 500 0 1 1 1 1 1 1 1 1 1

10 433 1 1 1 1 1 1 1 1 1 1
11 347 0 1 1 0 1 1 0 1 1 0
12 234 1 1 1 1 1 1 1 1 1 1
13 174 1 1 1 0 1 1 0 1 1 0

Total 13 13 7 7 7 10 7 7 9 7 7 9

M.S: Molecular Size
1:Means the presence of  band.
0:Means the absence of  band
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Table (23) DNA polymorphism using randomly amplifying DNA
(RAPD) with OP-D05 primer for untreated control, parents treated

with 50, 150 and 250 Gy, (cobalt source), theirF1and F2.

M.S: Molecular Size
1:Means the presence of  band.
0:Means the absence of  band

Primer Band
no.

M.S
Dose 50 150 250

Control P F1 F2 P F1 F2 P F1 F2

O
P

-D
05

1 866 1 0 0 1 0 0 1 0 0 1
2 753 1 0 0 1 0 0 1 0 0 1
3 679 1 0 0 1 0 0 1 0 0 1
4 569 1 0 0 1 1 1 0 0 1 0
5 510 1 0 0 1 1 1 1 1 1 1
6 400 1 1 1 1 1 1 1 1 1 1
7 317 0 1 1 1 1 1 1 1 1 1
8 261 0 1 1 1 1 1 1 1 1 0
9 225 1 0 0 1 0 0 1 0 0 1

10 200 1 1 1 1 1 1 1 1 1 1
Total 10 10 8 4 4 10 6 6 9 5 6 8
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Table (24) DNA polymorphism using randomly amplifying DNA
(RAPD) with OP-D01primer for untreated control, parents treated

with 50, 150 and 250 Gy, (cobalt source), theirF1and F2.

M.S: Molecular Size
1:Means the presence of  band.
0:Means the absence of  band

Primer Band
no.

M.S
Dose 50 150 250

Control P F1 F2 P F1 F2 P F1 F2

O
P

-D
01

1 2404 0 0 0 1 0 0 0 0 0 0
2 1670 1 0 0 1 0 0 1 0 0 1
3 1500 0 0 0 1 0 0 0 0 0 0
4 1305 1 0 0 1 0 0 1 0 0 1
5 1257 0 1 1 1 1 1 1 1 1 1
6 914 1 1 1 1 0 0 1 0 0 1
7 813 0 1 1 0 1 1 0 1 1 0
8 691 1 0 0 1 0 0 1 0 0 1
9 571 1 1 1 1 1 1 1 1 1 1

10 500 1 1 1 1 1 1 1 1 1 1
11 452 1 0 0 1 0 0 1 0 0 1

Total 11 11 7 5 5 9 4 4 8 4 4 8
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Table (25) DNA polymorphism using randomly amplifying DNA
(RAPD) with OP-E03 primer for untreated control, parents treated

with 50, 150 and 250 Gy, (cobalt source), theirF1and F2.

M.S: Molecular Size
1:Means the presence of  band.
0:Means the absence of  band

Primer Band
no.

M.S
Dose 50 150 250

Control P F1 F2 P F1 F2 P F1 F2

O
P

-E
03

1 964 1 1 1 1 0 0 1 0 0 1
2 900 0 1 0 0 1 1 0 1 0 0
3 800 1 0 0 1 0 0 1 0 0 1
4 710 0 1 1 0 1 1 0 1 1 0
5 620 0 1 1 0 1 1 0 1 1 0
6 540 0 1 1 1 1 1 1 1 1 0
7 490 1 0 0 0 0 0 0 0 0 1
8 414 0 1 1 0 1 1 0 1 1 0
9 359 1 1 1 1 0 1 1 0 1 1

10 326 1 1 1 1 1 1 1 1 1 1
11 280 1 0 0 1 0 0 1 1 0 1
12 210 0 0 0 0 0 1 0 1 1 0
13 157 1 1 1 1 1 1 1 1 1 1

Total 13 13 7 9 8 7 7 9 7 8 8 7
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Table (26): Number of amplified fragments and specific markers of
Spodoptera littoralis genotype based on the RAPD-PCR analysis using

5 primers.

RAPD – Primers
OP-AX6 OP-CO1 OP-DO5 OP-DO1 OP-EO3

No
.

Genotype AF SM AF SM AF SM A
F

SM AF SM

1 Control 7 (2)+
(2)-

7
(1)-

8 (1)+
(1)-

7
(1)-

7
(1)-

2

5
0
G
y P 6 - 7 - 4 - 5 - 9 -

3 F1 4 - 7 - 4 - 5 - 8 -

4 F2 10 (1)+ 10 (1)+ 10 9 (1)+ 7 -

5

1
5
0
G
y

P 4 - 7 - 6 - 4 - 7 -

6 F1 4 - 7 - 6 - 4 - 9 -

7 F2 7 - 9 9 - 8 - 7 -

8

2
5
0
 
G
y P 6 - 7 - 5 - 4 - 8 -

9 F1 6 - 7 - 6 - 4 - 8 -

10 F2 10 (1)+ 9
(1)-

8 - 8 7 -

TAF 13 13 10 11 13

PB 11 10 8 9 12

TSM 6 3 2 2 1

Where:
TAF= Total amplified fragments.
PB= Polymorphic bands for each primer.
AF= Amplified Fragments.
SM= Specific markers including either the presence or absence of a fragment .
P= (+) ve       n- (-) ve
TSM= Total number of specific markers.
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Fig.(19): Representative 1.4 % agarose gels RAPD-PCR pattern resulted from

amplification of genomic DNA of adult males S. littoralis using primer OP-AX6.

Lane M: DNA marker100bp Ladder, lane c: control, lane p: parents, lane F1: first

generation, lane F2: second generation all for each dose of 50, 150 and 250 Gy.

Fig.(20): Representative 1.4 % agarose gels RAPD-PCR pattern resulted from

amplification of genomic DNA of adult males S. littoralis using primer OP-C01. Lane

M: DNA marker100bp Ladder, lane c: control, lane p: parents, lane F1: first

generation, lane F2: second generation all for each dose of 50, 150 and 250 Gy.
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Fig.(21): Representative 1.4 % agarose gels RAPD-PCR pattern resulted from

amplification of genomic DNA of adult males S. littoralis using primer OP-D05

. Lane M: DNA marker100bp Ladder, lane c: control, lane p: parents, lane F1: first

generation, lane F2: second generation all for each dose of 50, 150 and 250 Gy.

Fig.(22): Representative 1.4 % agarose gels RAPD-PCR pattern resulted from

amplification of genomic DNA of adult males S. littoralis using primer OP- D01

. Lane M: DNA marker100bp Ladder, lane c: control, lane p: parents, lane F1: first

generation, lane F2: second generation all for each dose of 50, 150 and 250 Gy.
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Fig.(23): Representative 1.4 % agarose gels RAPD-PCR pattern resulted from

amplification of genomic DNA of adult males S. littoralis using primer OP- E03

. Lane M: DNA marker100bp Ladder, lane c: control, lane p: parents, lane F1: first

generation, lane F2: second generation all for each dose of 50, 150 and 250 Gy.
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-Levels of polymorphism

An average of 12 band per primer were obtained for one

amplification (Table 27) and a total of 50.6 bands per each dose

treatment were compared among the 3 doses treatments. RAPD

analysis revealed that the highest average percentage of

common  (monomorphic) bands (42.5%) was observed within

the dose treatment 150 Gy. Meanwhile, the highest average

percentage of polymorphic bands (69.3%) was observed within

the dose treatment 50 Gy, (Table 28).
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Table (27): A list of the numbers of polymorphic and monomorphic
bands of the different treatments with the listed five random primers.

Monomorphic bandsPolymorphic bandsTotalPrimer
21113OP-AX6
31013OP-C01
2810OP-D05
2911OP-D01
21214OP-E03

115061Total
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Table (28): Average percentages of common and
polymorphic bands within each dose treatment as revealed

by RAPD analyses.

% Polymorphic%MonomorphicTotal no. of
tested bands

Dose
Treatment

36/52
69.3

16/52
30.7

5250 Gy
(P, F1, F2)

27/47
57.5

20/47
42.5

47150 Gy
(P, F1,F2)

33/53
61.5

20/53
38.5

53250 Gy
(P, F1,F2)
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2.1.2. RAPD-PCR for S. littoralis irradiated with cesium

source:

Five random 10-mer primers were used for screening the

genomic DNA  extracted of S. littoralis, OP-AX6, C01, D05,

D01and E03,  the number of RAPD – PCR bands for both

control and irradiated insects of the three generations were 71,

distributed as14, 13, 18, 13 and 13 with primers OP-AX6, OP-

C01, OP-D05, OP- D01 and OP- E03, respectively.

The molecular size ranged from 2721 bp to 98 bp. The highest

molecular size was detected by using the primer OP-D01and the

lowest molecular size was detected by using the primer OP-

D05.

Only 7, 9, 12, 10 and 11 bands were observed in control S.

littoralis in case of OP-AX6, OP-C01, OP-D05, OP-D01 and

OP-E03 primers, respectively (fig.24, 25, 26, 27 and 28).

Several common bands molecular size from 725 to 125 bp in

case of OP-AX6 (4 bands), from 607 to 178 bp in case of OP-

C01 (4 bands), from 988 to 205 bp in case of OP-D05 (7 bands),

from 741 to 409 bp in case of OP-D01 (three bands) and from

631 to 306 bp in case of OP-E03 (four bands) was observed in

all treated samples, (genes were turned on).

On the other hand, two bands of 960 and 900, one band of

1262, one band of 136 bp, four bands of 2721, 1740, 879 and

643 bp and 2 bands of 1160 and 974 bp were recorded in
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control insects in case of OP-AX6, OP-C01, OP-D05, OP-D01

and OP-E03 primers, respectively and disappeared in irradiated

ones, except at F2 250Gy for some cases (a gene was turned

off).

At F1 50 Gy –irradiation, one (339 bp) specific band was

appeared in case of OP- C01 primer. At F2 50 Gy –irradiation,

one (420 bp) specific band was appeared in case of OP- AX6

primer, but for F2 150 Gy- irradiation, one (1073 bp) specific

band was appeared in case of OP- C01 primer specific band was

appeared in case of OP- C01 primer, At P 250 Gy –irradiation,

one (104 bp) specific band was appeared in case of OP- C01

primer, but for F2 250 Gy- irradiation, 0ne (827bp), specific

bands were appeared in case of OP-C01primer.  No treatment-

specific bands were observed at P 50 and 150 Gy, their F1 and

F1250 Gy -irradiation in case of OP-AX6, OP-C01, OP-D05,

OP-D01 and OP-E03 primers. As shown in tables (29, 30, 31,

32 and 33).

In addition, two bands (616 and 578 bp) at F1 250 Gy, 5

bands (from 438 to 178 bp) at (P, F1 and F2 )50, P 150, (P and

F2 ) 250 Gy, 5 bands (from 513 to 176 bp) at F1 (50, 150), F1 50,

(P and F1) 150 and F1250 Gy, 7 bands (from 1142 to 409 bp) at

(P and F1) 250 Gy, F2 150, F2 250, (F1, F2) 50,  F1 150and F2250

Gy and 6 bands (from 844 to 361 bp) at (F1 and F2 )50, (F1 and

F2 )50 and 150Gy, (P and F2 ) 250 Gy, were overexpressed in
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case of OP-AX6, OP-C01, OP-D05, OP-D01 and OP-E03

primers, respectively.
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Table (29) DNA polymorphism using randomly amplifying DNA
(RAPD) with OP – AX6 primer for untreated control, parents

treated with 50, 150 and 250 Gy, (cesium source), theirF1and F2.

M.S: Molecular Size
1:Means the presence of  band.
0:Means the absence of  band

Primer. Band
No.

M.S
Dose 50 150 250

Control P F1 F2 P F1 F2 P F1 F2

O
P

–
A

X
6

1 1073 0 0 0 0 0 0 1 0 0 0
2 960 1 0 0 1 0 0 0 0 0 1
3 900 1 0 0 0 0 0 0 0 0 0
4 837 1 0 0 1 0 0 0 0 0 1
5 725 1 1 1 1 1 1 1 1 1 1
6 616 0 1 1 0 1 1 1 1 1 0
7 578 0 0 1 0 1 1 0 1 1 0
8 491 0 1 1 0 1 1 0 1 1 0
9 420 0 0 0 1 0 0 0 0 0 0

10 345 1 1 1 0 1 1 1 1 1 0
11 300 1 1 1 1 1 1 1 1 1 1
12 240 0 1 1 0 1 1 0 1 1 0
13 177 0 0 0 1 0 0 1 0 0 1
14 125 1 1 1 1 1 1 1 1 1 1

Total 14 7 7 8 7 8 8 7 8 8 6
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Table (30) DNA polymorphism using randomly amplifying DNA
(RAPD) with OP-C 01 primer for untreated control, parents treated

with 50, 150 and 250 Gy, (cesium source), theirF1and F2.

M.S: Molecular Size
1:Means the presence of  band.
0:Means the absence of  band

Primer.
Band
No. M.S

Dose 50 150 250
Control P F1 F2 P F1 F2 P F1 F2

O
P

-C
 0

1

1 1262 1 0 0 1 0 0 1 0 0 1
2 988 1 0 0 0 0 0 1 0 0 1
3 827 0 0 0 0 0 0 0 0 1 0
4 749 0 1 1 1 1 1 0 1 1 0
5 693 0 0 0 1 0 0 1 0 0 1
6 607 1 1 1 1 1 1 1 1 1 1
7 505 1 1 1 1 1 1 1 1 1 1
8 438 1 1 1 1 1 1 1 1 0 1
9 339 1 1 0 1 1 1 1 1 1 1

10 293 1 1 0 1 0 0 1 1 0 1
11 241 1 1 1 1 1 1 1 1 1 1
12 178 1 1 1 1 1 1 1 1 1 1
13 104 0 0 0 0 0 0 0 1 0 0

Total 13 9 8 6 10 7 7 10 9 7 10
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Table (31) DNA polymorphism using randomly amplifying DNA
(RAPD) with OP-D05 primer for untreated control, parents treated

with 50, 150 and 250 Gy, (cesium source), theirF1and F2.

M.S: Molecular Size
1:Means the presence of  band.
0:Means the absence of  band

Primer.
Band
No. M.S

Dose 50 150 250
Control P F1 F2 P F1 F2 P F1 F2

O
P

-D
05

1 1633 0 0 0 0 0 0 1 0 0 1
2 1266 0 1 1 0 1 1 0 0 0 0
3 1133 0 0 1 1 0 0 0 1 0 0
4 988 1 1 1 1 1 1 1 1 1 1
5 835 0 0 1 1 0 1 1 0 0 1
6 787 1 1 1 1 0 1 1 0 0 1
7 693 0 0 1 1 0 0 0 0 0 0
8 590 1 1 1 1 1 1 1 1 1 1
9 513 1 1 1 1 1 1 1 1 1 1

10 481 1 0 0 0 0 0 1 0 0 1
11 421 1 1 1 1 1 1 1 1 1 1
12 368 1 1 1 1 1 1 0 1 1 0
13 310 1 1 1 1 1 1 1 1 1 1
14 267 1 1 1 1 1 1 1 1 1 1
15 205 1 1 1 1 1 1 1 1 1 1
16 176 0 1 1 1 1 1 1 1 1 1
17 136 1 0 0 0 0 0 0 0 0 0
18 98 1 0 0 0 0 0 1 0 0 1

Total 18 12 11 14 13 10 12 13 10 10 13
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Table (32) DNA polymorphism using randomly amplifying DNA
(RAPD) with OP-D01primer for untreated control, parents treated

with 50, 150 and 250 Gy, (cesium source), theirF1and F2.

M.S: Molecular Size
1:Means the presence of  band.
0:Means the absence of  band

Primer Band
No. M.S

Dose 50 150 250
Control P F1 F2 P F1 F2 P F1 F2

O
P

-D
01

1 2721 1 0 0 0 0 0 0 0 0 0
2 1808 1 0 0 1 0 0 1 0 0 1
3 1740 1 0 0 1 0 0 1 0 0 1
4 1674 0 1 1 1 1 1 1 0 0 1
5 1235 1 0 0 1 0 0 1 0 0 1
6 1142 1 0 0 1 0 0 1 1 1 1
7 980 0 1 1 0 1 1 0 1 1 0
8 879 1 0 0 0 0 0 0 0 0 0
9 741 1 1 1 1 1 1 1 1 1 1

10 643 1 0 0 1 0 0 1 0 0 1
11 560 1 1 1 1 1 1 1 1 1 1
12 472 0 0 0 0 0 0 0 0 0 0
13 409 1 1 1 1 1 1 1 1 1 1

Total 13 10 5 5 9 5 5 9 5 5 9
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Table (33) DNA polymorphism using randomly amplifying DNA
(RAPD) with OP-E03 primer for untreated control, parents

treated with 50, 150 and 250 Gy, (cesium source), theirF1and F2.

M.S: Molecular Size
1:Means the presence of  band.
0:Means the absence of  band

Primer Band
No. M.S

Dose 50 150 250
Control P F1 F2 P F1 F2 P F1 F2

O
P

-E
03

1 1160 1 0 0 0 0 0 0 0 0 0
2 974 1 0 0 1 0 0 1 0 0 1
3 872 1 0 0 1 0 0 1 0 0 1
4 844 0 1 1 0 1 1 0 1 1 0
5 769 1 0 0 1 0 0 1 0 0 1
6 631 1 1 1 1 1 1 1 1 1 1
7 579 1 1 1 1 1 1 1 1 1 0
8 518 0 1 1 0 1 1 0 1 1 0
9 485 1 1 0 1 1 0 1 1 0 1

10 412 1 1 1 1 1 1 1 1 1 1
11 361 1 1 1 1 1 1 1 1 1 1
12 306 1 1 1 1 1 1 1 1 1 1
13 232 1 0 0 1 0 0 1 0 0 1

Total 13 11 8 7 10 8 7 10 8 7 9
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Table (34): Number of amplified fragments  and specific markers
of Spodoptera littoralis genotype based on the RAPD-PCR analysis

using 5 primers.

RAPD - Primers
OP-AX6 OP-CO1 OP-DO5 OP-DO1 OP-EO3

No
.

Genotype AF SM AF SM AF SM AF SM AF SM

1 control 7 (1)+ 9 12 (1)+
(1)-

10 (2)+ 11 (1)+

2

5
0
G
y

P 7 - 8 - 10 - 5 - 8 -

3 F1 8 - 6 (1)- 13 - 5 - 7 -

4 F2 7 (1)+ 10 - 13 - 9 - 10 -

5

1
5
0
G
y

P 8 - 7 - 9 - 5 - 8 -

6 F1 8 - 7 - 12 - 5 - 7 -

7 F2 7 (1)+ 10 (1)+ 14 (1)+ 9 - 10 -

8

2
5
0
 
G
y

P 8 - 9 (1)+
(1)-

9 - 5 - 8 -

9 F1 8 - 7 9 - 5 - 7 -

10 F2 6 10 9 9 9 (1)-

TAF 14 13 18 13 13

PB 11 9 11 9 9

TSM 3 4 3 2 2

Where:
TAF= Total amplified fragments.
PB= Polymorphic bands for each primer.
AF= Amplified Fragments.
SM= Specific markers including either the presence or absence of a fragment .
P= (+) ve       n- (-) ve
TSM= Total number of specific markers.
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Fig.(24): Representative 1.4 % agarose gels RAPD-PCR pattern resulted from

amplification of genomic DNA of adult males S. littoralis using primer OP-AX6.

Lane M: DNA marker100bp Ladder, lane c: control, lane p: parents, lane F1: first

generation, lane F2: second generation all for each dose of 50, 150 and 250 Gy.

Fig.(25): Representative 1.4 % agarose gels RAPD-PCR pattern resulted from

amplification of genomic DNA of adult males S. littoralis using primer OP-C01. Lane

M: DNA marker100bp Ladder, lane c: control, lane p: parents, lane F1: first

generation, lane F2: second generation all for each dose of 50, 150 and 250 Gy.
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Fig.(26): Representative 1.4 % agarose gels RAPD-PCR pattern resulted from

amplification of genomic DNA of adult males S. littoralis using primer OP-D05

. Lane M: DNA marker100bp Ladder, lane c: control, lane p: parents, lane F1: first

generation, lane F2: second generation all for each dose of 50, 150 and 250 Gy.

Fig.(27): Representative 1.4 % agarose gels RAPD-PCR pattern resulted from

amplification of genomic DNA of adult males S. littoralis using primer OP- D01

. Lane M: DNA marker100bp Ladder, lane c: control, lane p: parents, lane F1: first

generation, lane F2: second generation all for each dose of 50, 150 and 250 Gy.
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Fig.(28): Representative 1.4 % agarose gels RAPD-PCR pattern resulted from

amplification of genomic DNA of adult males S. littoralis using primer OP- E03

. Lane M: DNA marker100bp Ladder, lane c: control, lane p: parents, lane F1: first

generation, lane F2: second generation all for each dose of 50, 150 and 250 Gy.
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-Levels of polymorphism

An average of 14.2 band per primer were obtained for one

amplification (Table 35) and a total of 59 bands per each dose

treatment were compared among the 3 doses treatments. RAPD

analysis revealed that the highest average percentage of

common  (monomorphic) bands (48.3%) was observed within

the dose treatment 50 Gy. Meanwhile, the highest average

percentage of polymorphic bands (60.7%) was observed within

the dose treatment 250 Gy, (Table 36).
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Table (35): A list of the numbers of polymorphic and monomorphic
bands of the different treatments with the listed five random primers.

Monomorphic bandsPolymorphic bandsTotalPrimer
31114OP-AX6
4913OP-C01
71118OP-D05
3912OP-D01
4913OP-E03

224971Total
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Table (36): Average percentages of common and
polymorphic bands within each dose treatment as revealed

by RAPD analyses.

% Polymorphic%MonomorphicTotal no. of
tested bands

Dose
Treatment

30/58
51.7

28/58
48.3

5850 Gy
(P, F1, F2)

30/58
51.7

28/58
48.3

58150 Gy
(P, F1,F2)

37/61
60.7

24/61
39.3

61250 Gy
(P, F1,F2)
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2.2. ISSR -PCR:

Inter simple sequence repeats (ISSR) fingerprint profiles

were generated by using random 14-mer primers on genomic

DNA from S. littoralis to distinguish between the normal form

and the irradiated insects. Irradiated insects were obtained by

exposing the full grown pupae to four doses of gamma rays 50,

150, 250, 350 and 450 Gy, with two sources (cobalt and

cesium). The dose 450 Gy caused no emergence for the adults,

but the emerged adults at the dose 350 Gy were 100% sterile

(i.e. did not lay eggs or had no progeny). As a result, adult male

insects emerged from irradiated full grown pupae at doses 50,

150 and 250 Gy, (of the treatments Tf  X Nm, Tm X Nf and Tf

X Tm) as well as unirradiated normal males for the generations

parents, F1 and F2 were collected to analyze any change in the

DNA  structural which might be induced by irradiation

treatment.

2.2.1. ISSR –PCR for S. littoralis irradiated with cobalt

source:

Five random 14-mer primers were used for screening the

genomic DNA extracted of S. littoralis 99B, HB08, Hb13,

HB14 and 88A, the number of ISSR – PCR bands for both

control and irradiated insects of the three generations were 44,

distributed as 10, 9, 8, 10 and 7 with primers 99B, HB08
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, Hb13, HB14 and 88A, respectively.

The molecular size ranged from 1000 bp to 52 bp. The highest

molecular size were detected by using the primers 99B, HB08

and the lowest molecular size were detected by using the primer

HB14.

Only 7, 4, 7, 3 and 4 bands were observed in control S.

littoralis in case of 99B, HB08, HB13, HB14 and 88A,

respectively. (fig. 29, 30, 31, 32 and 33). Several common

bands molecular size from 600 to 180 bp in case of 99B (5

bands), from 300 to 180 bp in case of HB08 (4 bands), from 300

to 150 bp in case of HB13 (4 bands), in case of HB14 (no

bands) and at 327 in case of 88A (one band) was observed in all

treated samples (genes were turned on).

On the other hand, no bands were recorded in control insects

and disappeared in irradiated ones (a gene was not turned off).

At F1 250Gy –irradiation, two (1000 and 900 bp), one (883

bp)–irradiation specific bands were appeared in case of HB08,

88A and two (735 and 573 bp) irradiation specific bands were

appeared at F2 250Gy  in case of HB14primers, respectively. No

treatment-specific bands were observed at P, 50 and 150 Gy and

their F2 in case of 99B, HB08, HB13and 88A primers, and F1

250 Gy in case of 99B, HB13 and HB14.

In addition, two bands (300 to 350 bp) at F2 50 Gy, 3 bands

(from 500 to 200 bp) at P 150 Gy and their F2, 6 bands (from
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460 to 150 bp) at F2 250 Gy, 6 bands (from 753 to 196 bp) at P,

F1, F2 50 and 150 Gy were overexpressed in case of 99B, HB08,

HB13 and HB14 primers, respectively. As shown in tables ( 37,

38, 39, 40, 41 and 42).
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Table (37) DNA polymorphism using randomly amplifying DNA
(ISSR) with 99B primer for untreated control, parents treated with

50, 150 and 250 Gy, (cobalt source), theirF1and F2.

Primer. Band
No M.S.

Dose 50 150 250
Control P F1 F2 P F1 F2 P F1 F2

99
B

1 1000 0 0 0 0 0 0 0 1 1 0

2 920 0 0 0 0 0 0 0 1 1 0

3 700 1 1 0 0 0 1 1 1 0 1

4 600 1 1 1 1 1 1 1 1 1 1

5 500 1 1 1 1 1 1 1 1 1 1

6 435 1 1 1 1 1 1 0 1 1 1

7 350 1 1 1 1 1 1 1 1 1 1

8 300 1 1 1 1 1 1 1 1 1 1

9 180 1 1 1 1 1 1 1 1 1 1

10 140 0 0 1 1 1 1 0 0 1 1

Total  Bands 7 6 7 7 7 8 6 9 9 8

M.S: Molecular Size
1:Means the presence of  band.
0:Means the absence of  band
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Table (38) DNA polymorphism using randomly amplifying DNA
(ISSR) with HB08 primer for untreated control, parents treated

with 50, 150 and 250 Gy, (cobalt source), theirF1and F2.

Primer. Band
No M.S.

Dose 50 150 250
Control P F1 F2 P F1 F2 P F1 F2

HB
08

1 1000 0 0 0 0 0 0 0 0 1 0

2 900 0 0 0 0 0 0 0 0 1 0

3 700 0 0 1 1 1 0 1 1 0 1

4 500 0 0 1 1 0 1 1 0 0 1

5 400 1 0 1 1 1 1 1 1 1 1

6 300 1 1 1 1 1 1 1 1 1 1

7 260 1 0 0 0 0 0 0 0 0 0

8 200 1 1 1 1 1 1 1 1 1 1

9 180 1 1 1 1 1 1 1 1 1 1

Total  Bands 5 4 4 3 6 6 5 5 6 6

M.S: Molecular Size
1:Means the presence of  band.
0:Means the absence of  band
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Table (39) DNA polymorphism using randomly amplifying DNA
(ISSR) with HB 13 primer for untreated control, parents treated with

50, 150 and 250 Gy, (cobalt source), theirF1and F2.

Primer. Band
No M.S.

Dose 50 150 250
Control P F1 F2 P F1 F2 P F1 F2

HB
 1

3

1 700.0 0 0 0 0 0 1 1 0 1 1

2 520.0 1 1 1 0 1 1 1 1 1 1

3 460.0 1 0 0 0 1 1 1 1 1 1

4 380.0 1 1 1 1 1 1 0 1 1 1

5 300.0 1 1 1 1 1 1 1 1 1 1

6 250.0 1 1 1 1 1 1 1 1 1 1

7 180.0 1 1 1 1 1 1 1 1 1 1

8 150.0 1 1 1 1 1 1 1 1 1 1

Total Bands 7 6 6 5 7 8 7 7 8 8

M.S: Molecular Size
1:Means the presence of  band.
0:Means the absence of  band



Results

169

Table (40) DNA polymorphism using randomly amplifying DNA
(ISSR) with HB 14 primer for untreated control, parents treated

with 50, 150 and 250 Gy, (cobalt source), theirF1and F2.

M.S: Molecular Size
1:Means the presence of  band.
0:Means the absence of band

Primer. Band
No M.S.

Dose 50 150 250
Control P F1 F2 P F1 F2 P F1 F2

HB
14

1 735 0 0 0 0 0 0 0 0 0 1

2 573 0 0 0 0 0 0 0 0 0 1

3 448 0 0 0 0 0 0 0 0 0 0

4 407 0 1 1 1 0 0 0 0 0 1

5 376 0 0 0 0 0 0 1 1 1 0

6 294 0 1 1 1 1 0 0 0 1 1

7 224 0 1 1 0 0 0 0 0 1 1

8 146 1 1 1 0 1 1 1 1 1 1

9 100 0 1 1 0 1 1 1 1 1 1

10 52 1 1 1 0 1 1 1 1 1 0

Total  Bands 2 6 7 2 4 3 4 4 7 7
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Table (41) DNA polymorphism using randomly amplifying DNA
(ISSR) with 88A primer for untreated control, parents treated with

50, 150 and 250 Gy, (cobalt source), theirF1and F2.

Primer
.

Band
No M.S.

Dose 50 150 250
Control P F1 F2 P F1 F2 P F1 F2

88
A

1 883 0 0 0 0 0 0 0 0 1 0

2 710 1 1 0 0 0 0 1 1 1 1

3 580 0 1 1 1 1 1 1 1 1 1

4 390 1 0 0 0 0 1 1 0 0 0

5 327 1 1 1 1 1 1 1 1 1 1

6 294 0 1 1 1 1 1 1 1 1 1

7 217 1 1 1 1 1 1 1 1 0 1

Total  Bands 4 4 4 5 4 4 4 5 6 5

M.S: Molecular Size
1:Means the presence of  band.
0:Means the absence of  band
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Table (42): Number of amplified fragments and specific markers of
Spodoptera littoralis genotype based on the ISSR-PCR analysis using 5

primers.

ISSR – Primers
99B HB08 HB13 HB14 88A

No
.

Genotype AF SM AF SM AF SM A
F

SM AF SM

1 control 7 - 4 +(1) 7 2 - 4 -(2)

2

5
0
G
y P 6 - 4 -(1) 6 - 6 - 4 -

3 F1 7 - 4 - 6 - 7 - 4 -

4 F2 7 - 3 - 5 -(1) 2 - 5 -

5

1
5
0
G
y

P 7 - 6 - 7 - 4 - 4 -

6 F1 8 - 6 - 8 -(1) 3 - 4 -

7 F2 6 -(1) 5 - 7 - 4 - 4 -

8

2
5
0
 
G
y P 9 - 5 - 7 - 4 5 -

9 F1 9 - 6 +(2) 8 - 7 - 6 -(1)
+(1)

10 F2 8 - 6 - 8 - 7 +(2) 5 -

TAF 10 9 8 10 7

PB 5 5 4 7 6

TSM 1 4 2 2 4

Where:
TAF= Total amplified fragments.
PB= Polymorphic bands for each primer.
AF= Amplified Fragments.
SM= Specific markers including either the presence or absence of a fragment .
P= (+) ve       n- (-) ve
TSM= Total number of specific markers.
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Fig.(29): Representative 1.4 % agarose gels ISSR-PCR pattern resulted from

amplification of genomic DNA of adult males S. littoralis using primer 99b. Lane M:

DNA marker100bp Ladder, lane c: control, lane p: parents, lane F1: first generation,

lane F2: second generation all for each dose of 50, 150 and 250 Gy.

Fig.(30): Representative 1.4 % agarose gels ISSR-PCR pattern resulted from

amplification of genomic DNA of adult males S. littoralis using primer HB08. Lane

M: DNA marker100bp Ladder, lane c: control, lane p: parents, lane F1: first

generation, lane F2: second generation all for each dose of 50, 150 and 250 Gy.



Results

173

Fig.(31): Representative 1.4 % agarose gels RAPD-PCR pattern resulted from

amplification of genomic DNA of adult males S. littoralis using primer OP-D05

. Lane M: DNA marker100bp Ladder, lane c: control, lane p: parents, lane F1: first

generation, lane F2: second generation all for each dose of 50, 150 and 250 Gy.

Fig.(32): Representative 1.4 % agarose gels ISSR-PCR pattern resulted from

amplification of genomic DNA of adult males S. littoralis using primer HB14

. Lane M: DNA marker100bp Ladder, lane c: control, lane p: parents, lane F1: first

generation, lane F2: second generation all for each dose of 50, 150 and 250 Gy.
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Fig.(33): Representative 1.4 % agarose gels ISSR-PCR pattern resulted from

amplification of genomic DNA of adult males S. littoralis using primer 88A

. Lane M: DNA marker100bp Ladder, lane c: control, lane p: parents, lane F1: first

generation, lane F2: second generation all for each dose of 50, 150 and 250 Gy.
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-Levels of polymorphism

An average of 8.8 band per primer were obtained for one

amplification (Table 43) and a total of 35 bands per each dose

treatment were compared among the 3 doses treatments. ISSR

analysis revealed that the highest average percentage of

common (monomorphic) bands (69.7%) was observed within

the dose treatment 50 Gy. Meanwhile, the highest average

percentage of polymorphic bands (43.9%) was observed within

the dose treatment 250 Gy, (Table 44).
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Table (43): A list of the numbers of polymorphic and monomorphic
ISSR bands of the different treatments with the listed five random

primers.

Monomorphic bandsPolymorphic bandsTotalPrimer
551099B
459HB08
448HB13
3710HB14
16788A

172744Total
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Table (44): Average percentages of common and
polymorphic bands within each dose treatment as revealed

by ISSR analyses.

% Polymorphic%MonomorphicTotal no. of
tested bands

Dose
Treatment

11/31
35.5

20/31
64.5

3150 Gy
(P, F1, F2)

10/33
30.3

23/33
69.7

33150 Gy
(P, F1,F2)

18/41
43.9

23/41
56.1

41250 Gy
(P, F1,F2)
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2.2.2. ISSR-PCR for S. littoralis irradiated with cesium

source:

Five random 14-mer primers were used for screening the

genomic DNA extracted of S. littoralis 99B, HB08

, Hb13, HB14 and 88A, the number of ISSR – PCR bands for

both control and irradiated insects of the three generations were

47, distributed as 8, 10, 8, 13 and 8 with primers 99B, HB08

, HB13, HB14 and 88A, respectively.

The molecular size ranged from 1074 bp to 75 bp. The highest

and  the lowest molecular size were detected by using the

primer HB14.

As shown in table (46), Only 5, 6, 7, 6 and 4 bands were

observed in control S. littoralis in case of 99B, HB08, Hb13,

HB14 and 88A primers, respectively (fig.34, 35, 36, 37 and 38).

Several common bands molecular size from 700 to 600 bp in

case of 99B (2 bands), from 400 to 180 bp in case of HB08 (4

bands), from 520 to 150 bp in case of HB13 (4 bands), from 431

to 75 bp in case of HB14 were observed in all treated samples

(genes were turned on).

On the other hand, no bands were recorded in control insects

and disappeared in irradiated ones at all primers (no genes was

turned off).

At F1 250 Gy –irradiation, two (900-1000 bp) specific bands

were appeared in case of HB08 primer. At F1 150 Gy –
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irradiation, one (230 bp) specific band was appeared in case of

HB14 primer, but for F2 50, 150 Gy- irradiation, two (405 bp)

and (216 bp) specific bands were appeared in case of 88A

primer.

In addition, two bands (300, 400 bp) at F2 150 Gy, 2 bands

(from 150 to 180 bp) at F2 250 Gy, 1 band (165 bp) at F2150 Gy,

were overexpressed in case of HB08, HB13 and HB14 primer

As shown in table (45, 46, 47, 48, 49 and 50).
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Table (45) DNA polymorphism using randomly amplifying DNA
(ISSR) with 99B primer for untreated control, parents treated with

50, 150 and 250 Gy, (cesium source), theirF1and F2.

Primer. Band
No M.S.

Dose 50 150 250
Control P F1 F2 P F1 F2 P F1 F2

99
B

1 700 1 1 1 1 1 1 1 1 1 1

2 600 1 1 1 1 1 1 1 1 1 1

3 500 0 0 1 0 1 1 0 1 1 0

4 435 1 0 0 1 0 0 1 0 0 1

5 350 0 1 1 0 0 0 0 1 1 0

6 300 1 1 1 1 1 1 0 1 1 1

7 220 0 0 1 0 1 1 1 1 1 0

8 180 1 0 0 1 1 0 1 1 0 1

Total  Bands 5 4 6 5 6 5 5 7 6 5

M.S: Molecular Size
1:Means the presence of  band.
0:Means the absence of  band
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Table (46) DNA polymorphism using randomly amplifying DNA
(ISSR) with HB08 primer for untreated control, parents treated

with 50, 150 and 250 Gy, (cesium source), theirF1and F2.

M.S: Molecular Size
1:Means the presence of  band.
0:Means the absence of  band

Primer
.

Band
No M.S.

Dose 50 150 250
Control P F1 F2 P F1 F2 P F1 F2

HB
08

1 1000 0 0 0 0 0 0 0 0 1 0

2 900 0 0 0 0 0 0 0 0 1 0

3 800 1 0 1 1 0 0 1 0 0 1

4 700 0 0 1 0 1 1 0 0 1 0

5 500 0 0 0 0 0 1 0 0 1 0

6 400 1 1 1 1 1 1 1 1 1 1

7 300 1 0 0 1 1 0 1 0 0 1

8 260 1 1 1 1 1 1 1 1 1 1

9 200 1 1 1 1 1 1 1 1 1 1

10 180 1 1 1 1 1 1 1 1 1 1

Total  Bands 6 4 6 6 6 6 6 4 8 6
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Table (47) DNA polymorphism using randomly amplifying DNA
(ISSR) with HB 13 primer for untreated control, parents treated with

50, 150 and 250 Gy, (cesium source), theirF1and F2.

M.S: Molecular Size
1:Means the presence of  band.
0:Means the absence of  band

Primer. Band
No M.S.

Dose 50 150 250
Control P F1 F2 P F1 F2 P F1 F2

HB
 1

3

1 700 1 0 1 1 0 0 1 0 0 1

2 520 1 1 1 1 1 1 1 1 1 1

3 460 1 1 1 1 1 1 1 1 1 1

4 380 1 1 1 1 1 1 1 1 0 1

5 300 0 1 0 0 1 1 0 1 1 0

6 250 1 0 0 1 0 0 1 0 0 1

7 180 1 1 1 1 1 1 1 1 1 1

8 150 1 1 1 1 1 1 1 1 1 1

Total Bands 7 6 5 7 6 6 7 6 5 7
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Table (48) DNA polymorphism using randomly amplifying DNA
(ISSR) with HB 14 primer for untreated control, parents treated

with 50, 150 and 250 Gy, (cesium source), theirF1and F2.

Primer
.

Band
No M.S.

Dose 50 150 250
Control P F1 F2 P F1 F2 P F1 F2

HB
14

1 1074 0 0 0 0 0 0 1 0 0 1

2 787 0 1 1 1 1 0 0 1 0 0

3 700 1 0 0 1 0 0 1 0 0 0

4 591 1 0 0 1 0 0 1 0 0 0

5 549 0 0 0 0 0 1 0 0 1 0

6 431 1 1 1 1 1 1 1 1 1 1

7 338 0 1 1 0 1 1 0 1 1 0

8 290 1 1 0 0 1 1 0 0 0 0

9 230 0 0 0 0 0 1 0 0 0 0

10 195 0 1 1 0 1 1 0 0 0 0

11 165 1 1 1 1 1 1 1 1 1 0

12 125 0 1 1 0 1 1 0 1 1 0

13 75 1 1 1 1 1 1 1 1 1 1

Total  Bands 6 8 7 6 8 9 6 6 6 3

M.S: Molecular Size
1:Means the presence of  band.
0:Means the absence of  band
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Table (49) DNA polymorphism using randomly amplifying DNA
(ISSR) with 88A primer for untreated control, parents treated with

50, 150 and 250 Gy, (cesium source), theirF1and F2.

Primer
.

Band
No M.S.

Dose 50 150 250
Control P F1 F2 P F1 F2 P F1 F2

88
A

1 773 0 1 1 0 1 1 0 0 1 0

2 682 1 0 0 1 0 0 1 0 0 1

3 533 1 0 0 1 0 0 0 0 0 1

4 485 0 1 1 0 0 1 0 1 0 0

5 405 0 0 0 1 0 0 0 0 0 0

6 323 1 0 0 1 0 0 1 0 0 1

7 263 1 1 1 1 1 1 1 1 0 1

8 216 0 0 0 0 0 0 1 0 0 0

Total  Bands 4 3 3 5 2 3 3 2 2 4

M.S: Molecular Size
1:Means the presence of  band.
0:Means the absence of  band
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Table (50): Number of amplified fragments and specific markers of
Spodoptera littoralis genotype based on the ISSR-PCR analysis using 5

primers.

ISSR – Primers
99B HB08 HB13 HB14 88A

No
.

Genotype AF SM AF SM AF SM A
F

SM AF SM

1 control 5 - 6 - 7 6 - 4 -

2

5
0
G
y P 4 - 4 - 6 - 8 - 3 -

3 F1 6 - 6 - 5 - 7 - 3 -

4 F2 5 - 6 - 7 6 - 5 +(1)

5

1
5
0
G
y

P 6 - 6 - 6 - 8 - 2 -

6 F1 5 - 6 - 6 - 9 +(1) 3 -

7 F2 5 -(1) 6 - 7 - 6 - 4 +(1)

8

2
5
0
 
G
y P 7 - 4 - 6 - 6 - 2 -

9 F1 6 - 8 (2)+ 5 (1)- 6 - 1 -(1)

10 F2 5 - 6 - 7 - 3 -(1) 4 -

TAF 8 10 8 13 8

PB 6 6 4 11 8

TSM 1 2 1 2 3

Where:
TAF= Total amplified fragments.
PB= Polymorphic bands for each primer.
AF= Amplified Fragments.
SM= Specific markers including either the presence or absence of a fragment .
P= (+) ve       n- (-) ve
TSM= Total number of specific markers.
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Fig.(34): Representative 1.4 % agarose gels ISSR-PCR pattern resulted from

amplification of genomic DNA of adult males S. littoralis using primer 99B. Lane M:

DNA marker100bp Ladder, lane c: control, lane p: parents, lane F1: first generation,

lane F2: second generation all for each dose of 50, 150 and 250 Gy.

Fig.(35): Representative 1.4 % agarose gels ISSR-PCR pattern resulted from

amplification of genomic DNA of adult males S. littoralis using primer HB08. Lane

M: DNA marker100bp Ladder, lane c: control, lane p: parents, lane F1: first

generation, lane F2: second generation all for each dose of 50, 150 and 250 Gy.
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Fig.(36): Representative 1.4 % agarose gels RAPD-PCR pattern resulted from

amplification of genomic DNA of adult males S. littoralis using primer HB13

. Lane M: DNA marker100bp Ladder, lane c: control, lane p: parents, lane F1: first

generation, lane F2: second generation all for each dose of 50, 150 and 250 Gy.

Fig.(37): Representative 1.4 % agarose gels ISSR-PCR pattern resulted from

amplification of genomic DNA of adult males S. littoralis using primer HB14

. Lane M: DNA marker100bp Ladder, lane c: control, lane p: parents, lane F1: first

generation, lane F2: second generation all for each dose of 50, 150 and 250 Gy.
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Fig.(38): Representative 1.4 % agarose gels ISSR-PCR pattern resulted from

amplification of genomic DNA of adult males S. littoralis using primer 88A

. Lane M: DNA marker100bp Ladder, lane c: control, lane p: parents, lane F1: first

generation, lane F2: second generation all for each dose of 50, 150 and 250 Gy.
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-Levels of polymorphism

An average of 9.4 bands per primer were obtained for one

amplification (Table 51). and a total of 40.6 bands per each dose

treatment were compared among the 3 doses treatments. RAPD

analysis revealed that the highest average percentage of

common  (monomorphic) bands (40%) was observed within the

dose treatment 50 Gy. Meanwhile, the highest average

percentage of polymorphic bands (67.5%) was observed within

the dose treatment 250 Gy, (Table 52).
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Table (51): A list of the numbers of polymorphic and monomorphic
ISSR bands of the different treatments with the listed five random

primers.

Monomorphic bandsPolymorphic bandsTotalPrimer
26899B
4610HB08
448HB13
21113HB14
08888A

123547Total
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Table (52): Average percentages of common and
polymorphic bands within each dose treatment as revealed

by ISSR analyses.

% Polymorphic%MonomorphicTotal no. of
tested bands

Dose
Treatment

24/40
60

16/40
40

4050 Gy
(P, F1, F2)

26/42
62

16/42
38

42150 Gy
(P, F1,F2)

27/40
67.5

13/40
32.5

40250 Gy
(P, F1,F2)
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3. Nucleotide sequence and sequence analyses

The nucleotide sequence of SpliRep DNA fragment is

shown in Fig. (39). the nucleotide sequence of SpliRep was

blasted in GenBank database and compared to all available

sequences. Alignment results revealed that SpliRep has

significant alignment with Drosophila willistoni DNA repair

gene (Acc# XM_002068731). Comparing SpliRep nucleotide

sequence to its corresponding sequence of D. willistoni (Acc#

XM_002068731) as a reference, 68.1 % identity (237/348 nt.),

111 different nucleotides, 23 gaps and 25 insertions were

observed throughout the compared DNA segments (Fig. 40).
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Table (2) Effect of gamma irradiation (cesium) on percent of emergence and malformation of
Spodoptera littoralis parents treated as 8-days old pupae

. Means followed by the same letter in a column within each dose are not significantly different (P > 0.05)

Sex ratiomalformed adult
%Reduction

%
Emergence

adult
%
S.E+

No. of
pupaeDoses

Male :
FemaleFemale

S.E+%
Male

S.E+%

50  :   50a0.5+3a0.04+2-a0.3+97.3250

59   : 41a0.4+5.1a0.2+2.51.5a0.3+.8392550

68 : 32b2.9+444.
0.8+17.1

b17.2b0.8+80.625150

73  : 27c0.6+71.4c3+46.334.6c2.2+63.625250

81   : 19d0.8+84d1.1+5549.4d2.1+49.225350

-----25450

-5.64.5-10.2-
L.S.D



Table (1) Effect of gamma irradiation (cobalt) on percent of emergence and malformation of
Spodoptera littoralis parents treated as 8-days old pupae

. Means followed by the same letter in a column within each dose are not significantly different (P > 0.05)

Sex ratiomalformed adult
%Reduction

%
Emerged

adult
%+S.E

No. of
pupae

Doses

Male :  FemaleFemale%
S.E+

Male%
S.E+

50  :   50a0.5+3a0.04+2-a0.3+97.3250

61   :    39a0.7+6.6a0.2+3.93.6a0.5+.8192550

70    :    30b2.5+41.4
1.6+16.6

b19.6b0.6+78.225150

76    :     24c0.7+73.60.8+46.9
c

34.6c1.8+60.825250

85   :     15d2.1+84.6d2+60.147.4d2.3+45.225350

-----25450

-6.54.7-11.4-
L.S.D.



Table (3) Effect of gamma irradiation (cesium) on life cycle of the first generation Spodoptera littoralis
when irradiated females mated with normal males

. Means followed by the same letter in a column within each dose are not significantly different (P > 0.05)

Sex
Ratio
M : F

Mortality
S.E.+%

Emergence
%
S.E+

Pupation
%
S.E+

Developmental period (days)
Sterility

%
S.E+

hatchability
%
S.E+

No. of
eggs laid
/ female

S.E+

Pre-
oviposition

period
(days)

Doses
Total

S.E+PupaeLarvaeEgg

50:50a0.4+15a0.5+85a0.3+7.8826.3+0.2a7.515.33.50a96.8+1.7aa4.8+4211.60

55:4548.7+0.3bb0.5+51.3b0.9+65.927.8+0.3a8.215.93.7b2.4+20.287.2+1.4ab3.3+372.91.650

60:4070.3+0.2cc0.7+29.7c1+50.830.4+0.5b8.717.34.4b0.8+45.665.7+1bc5.8+337.91.8150

71:2983.1+0.2dd1.1+16.9d0.8+35.432+0.7b8.918.44.7c1.2+67.645.1+0.4cd10.8+292.72.1250

------------350

-11.210.912.21.8---20.117.430.8-L.S.D



Table (4) Effect of gamma irradiation (cesium) on life cycle of the first generation of Spodoptera littoralis when irradiated males mated
with normal females

. Means followed by the same letter in a column within each dose are not significantly different (P > 0.05)

Sex
Ratio
M : F

Mortality
% +S.E.

Emergence
%

ES.+

Pupation
%
S.E+

Developmental period (days)

Sterility
%
S.E+

hatchability
%
S.E+

No.  of
eggs laid
/ female

S.E+

Pre-
oviposition

period
(days)

Doses

Total
S.E+PupaeLarvaeEgg

50:50a0.4+15a0.5+85a0.3+7.88a0.2+.3267.515.33.50 a96.8+1.7aa4.8+4211.60

53:4746.7+0.5bb0.6+53.3b0.5+600.1+.972
a7.816.53.61.2+16.1

b89.3+1.1ab0.6+383.31.650

59:4167.5+0.1cc0.9+32.5c0.9+55.5
0.3+29.6

b8.417.14.1
1.8+38.3

cb1.2+71.8c6+350.21.7150

70:3079.1+0.8dd1.1+20.9d1.2+43.2
0.4+31.5

c8.918.14.5
0.6+63.2

dc1.4+50.1d6+292.31.9250

------------350

-11.59.34.61.3---14.312.130.8-L.S.D.



Table (5) Effect of gamma irradiation (cesium) on life cycle of the first generation of Spodoptera littoralis when irradiated
females mated with irradiated males

. Means followed by the same letter in a column within each dose are not significantly different (P > 0.05)

Sex
Ratio
M : F

Mortality
%
S.E.+

Emergence
%
S.E+

Pupation
%
S.E+

Developmental period (days)
Sterility

%
S.E+

hatchability
%
S.E+

No. of
eggs laid
/Female

+S.E

Pre-
oviposition

period
(days)

S.E+

Doses

Total
S.E+

PupaeLarvaeEgg

50:50a0.4+15a0.5+85a0.3+7.880.2+26.3
a

7.515.33.50 a96.8+1.7aa4.8+4211.60

55:45b0.3+50.1b1+49.90.7+856.
b

0.5+28.4
b

8.416.23.82.8+25.6
b

b0.2+85.9b9.5+52.631.6750

63:37c0.3+71c0.9+290.8+646.
c

0.8+31
c8.717.74.62.4+48.8

c
c1+63.414.5+328.6

b
1.89150

75:25d0.4+86.6d0.4+13.41.3+27.3
d

0.6+32.6
d

9.318.54.80.6+69.6
d

d1+44.3c7.8+279.62.12250

------------350

-12.214.710.11.2---19.111.830.8-L.S.D.



Table (6) Effect of gamma irradiation (cobalt) on life cycle of the first generation of Spodoptera littoralis when irradiated
females mated with normal males

. Means followed by the same letter in a column within each dose are not significantly different (P > 0.05)

Sex
Ratio
M : F

Mortality
S.E.+%

Emergence
%
S.E+

Pupation
%
S.E+

Developmental period (days)
Sterility

%
S.E+

hatchability
%
S.E+

No. of
eggs laid
/Female

S.E+

Pre-
oviposition

period
(days)

S.E+

Doses

Total
S.E+

PupaeLarvaeEgg

50:50a0.4+15a0.5+85a0.3+7.88a0.2+26.37.515.33.50 a96.8+1.7aa4.8+4211.60

56:44b0.5+41.4b0.5+50.60.2+58.6
b

0.4+28.2
b8.316.13.80.8+24.7

bb0.5+85.8b8.4+357.71.6750

62:38c0.4+51.7c60.+29.20.7+48.3
c

0.5+30.8
c8.817.54.52.2+52.8

cb1.8+61.2c9.5+314.31.88150

73:27d0.7+68.6d1.1+16.1
1.4+31.4

d
0.4+632.

d9.118.34.9
0.3+871.

dc0.8+45.9d8.5+250.32.11250

------------350

-7.512.19.3----18.310.030.8-L.S.D.



Table (7) Effect of gamma irradiation (cobalt) on life cycle of the first generation of Spodoptera littoralis when irradiated
males mated with normal females

. Means followed by the same letter in a column within each dose are not significantly different (P > 0.05)

Sex
Ratio
M : F

Mortality
%
S.E.+

Emergence
%
S.E+

Pupation
%
S.E+

Developmental period (days)Sterility
%

.S.E+

hatchability
%

+S.E

No. of
eggs laid
/female

S.E+

Pre-
oviposition

period
(days)

Doses

Total
S.E+

PupaeLarvaeEgg

50:50a0.4+15a0.5+85a0.3+7.88a0.2+26.37.515.33.50 a96.8+1.7aa4.8+4211.60

55:45b0.4+47.6b0.5+52.4b0.5+60.1a0.2+27.28.115.53.6b2.3+19.1b1.4+89.66.8+367.9
b1.650

60:40c0.6+69.6c0.6+30.4c0.3+53.6b0.4+29.98.517.14.3c1.4+46.2c2.2+66.7c4+328.71.8150

71:29d0.7+81.7d0.5+18.3d1.5+36.3c0.5+32.29.018.34.9d1.2+64.4d0.7+49.64.6+292.5
d2.0250

------------350

-10.210.18.61.3---13.410.630.8-L.S.D.



Table (8) Effect of gamma irradiation (cobalt) on life cycle of the first generation of Spodoptera littoralis when irradiated
females mated with irradiated males

. Means followed by the same letter in a column within each dose are not significantly different (P > 0.05)

Sex
Ratio
M : F

Mortality
S.E.+%

Emergence
%
S.E+

Pupation
%
S.E+

Developmental period (days)
Sterility

%
S.E+

Hatched
egg
%
S.E+

No. of
eggs laid
/ female

S.E+

Pre-
oviposition

period
(days)

Dose

Total
S.E+PupaeLarvaeEgg

50:50a0.4+15a0.5+85a0.3+7.88a0.2+26.37.515.33.50 a96.8+1.7
aa4.8+4211.60

58:42b0.4+50.6b0.7+9.44
0.3+.661

bb0.3+28.58.316.24b2+28.9
1.8+82.9

ab5.5+349.51.750

64:36c0.3+71.3c0.3+8.72
0.8+.646

cc0.4+31.38.817.84.7
0.8+56.7

c
0.7+58.1

bc6+303.51.9150

77:33d0.5+89d0.4+110.6+.326
d

d0.5+32.89.218.55.10.6+75.2
d

2.8+42.2
c

d31.+239.4
4

2.1250

------------350

-12.514.411.31.1---15.314.930.8-L.S.D.



Table (9) Effect of gamma irradiation (cobalt) on the life cycle of the second generation of Spodoptera littoralis resulted
from mating of irradiated females and normal males

. Means followed by the same letter in a column within each dose are not significantly different (P > 0.05)

Sex
Ratio
M : F

Mortality
S.E.+%

Emergence
%
S.E+

Pupation
%
S.E+

Developmental period (days)
Sterility

%
S.E+

hatchability
%

+S.E

No.  of
eggs laid
/ female

S.E+

Pre-
oviposition

period
(days)

Doses

Total
S.E+PupaeLarvaeEgg

52:48a0.4+13.7a0.5+86.3a0.7+09a0.4+26.67.615.63.40 a96.3+0.6aa10.4+4221.60

62:3861.1+0.3bb0.6+8.930.9+.458
b

0.3+28.7
b8.416.43.90.6+42.2

bb0.9+70.7b1.7+332.21.750

69:3184.1+0.5cc1.9+5.910.7+.434
c

0.5+31.4
c9.217.74.51.2+70.2

cc1.2+39b3.8+310.31.9150

80:20d0.6+97.8d51.+2.2
0.8+.317

c
0.3+32.5

c
8.618.8

5.1
2.3+86.5

dd0.6+27.4c6.9+200.2
2.4

250

------------350

-13.810.222.71.2---13.111.287.9-L.S.D.



Table(11) Effect of gamma irradiation (cobalt) on the life cycle of the second generation of Spodoptera littoralis
resulted from mating of irradiated females and irradiated males

. Means followed by the same letter in a column within each dose are not significantly different (P > 0.05)

Sex
Ratio
M : F

Mortality
S.E.+%

Emergence
%

S.E+

Pupation
%
S.E+

Developmental period (days)Sterility
%
S.E+

hatchability
%
S.E+

No. of
eggs  laid
/ female

S.E+

Pre-
oviposition

period
(days)

Doses

Total
S.E+

PupaeLarvaeEgg

52:48a0.4+13.7a0.5+86.3a0.7+09a0.4+26.67.615.63.40 a96.3+0.6aa10.4+4221.60

65:35b0.5+71.4b0.6+8.621.2+.856
b

0.3+29.5
b

8.916.34.30.4+45.5
b

b0.8+67.916.9+325.8
b

1.750

70:30c0.6+90.1c0.8+9.9
0.4+.528

c
0.5+.132

c9.3184.8
0.8+74.1

cc0.5+35b1.2+300.11.9150

82:18d0.4+98.7c1.1+.21c0.7+7d0.6+349.519.35.20.7+88.7
c

c0.8+26.3c2+147.62.5250

------------350

-17.817.124.21.9---19.314.487.9-L.S.D.



Table (10) Effect of gamma irradiation (cobalt) on the life cycle of the second generation of Spodoptera littoralis
resulted from mating of normal females and irradiated males

. Means followed by the same letter in a column within each dose are not significantly different (P > 0.05)

Sex
Ratio
M : F

Mortality
% +S.E.

Emergence
%
S.E+

Pupation
%
S.E+

Developmental period (days)Sterility
%
S.E+

hatchability
%
S.E+

No. of
eggs laid
/female

S.E+

Pre-
oviposition

period
(days)

Doses
Total

S.E+PupaeLarvaeEgg

52:48a0.4+13.7a0.5+86.3a0.7+09a0.4+26.67.615.63.40 a96.3+0.6 aa10.4+4221.60

61:37b0.5+60.1b0.7+39.8
0.3+60.8

b
0.5+28.8

b8.516.43.9
0.7+40.6

bb1.7+71.4b9.5+338.11.750

65:35c0.6+82.6c0.6+17.4
2.9+32.3

cc0.3+31917.54.5
68.5+0.9

cc0.6+40.6b3.3+315.2
1.8

150

76:24d0.6+96d1.4+40.4+19.4
c

0.6+31.8
c8.218.74.91.4+84.1

cc0.7+31c6.6+209.72.3250

------------350

-15.210.413.22.1---17.213.380.9-L.S.D.



Table (12) Effect of gamma irradiation (cesium) on the life cycle of the second generation of Spodoptera littoralis
resulted from mating of irradiated females and normal males

. Means followed by the same letter in a column within each dose are not significantly different (P > 0.05)

Sex
Ratio
M : F)(

Mortality
%
S.E.+

Emergen
ce %

S.E+

Pupation
%
S.E+

Developmental period (days)
Sterility

%
S.E+

hatchability
%

+S.E

No.  of
eggs laid
/ female

S.E+

Pre-
oviposition

period
(days)

Doses

Total
S.E+PupaeLarvaeEgg

52:48a0.4+13.7a0.5+86.3a0.7+09a0.4+26.67.615.63.40 a96.3+0.6aa10.4+4221.60

60:40b0.8+57.81.5+42.2
b

0.3+62.5
b

0.3+27.6
b815.93.71.4+40.3

bb1.8+69.6b9+348.51.750

66:24c0.7+78.62.4+21.4
c

2.8+47.4
c

0.4+30.3
c8.517.34.50.8+68.3

cc1.7+40.8b6.7+315.51.8150

78:22d0.8+89.60.4+.410
d

d0.5+28d5+.32.39.218.34.80.8+83.3
c

c1.4+29.511.8+230.3
c

2.1250

------------350

-9.310.411.40.9---15.823.377.9-L.S.D.



Table (14) Effect of gamma irradiation (cesium) on the life cycle of the second generation of Spodoptera littoralis
resulted from mating of irradiated males and irradiated females

. Means followed by the same letter in a column within each dose are not significantly different (P > 0.05)

Sex
Ratio
M: F)(

Mortality
S.E.+%

Emergence
S.E+%

Pupation
S.E+%

Developmental period (days)
Sterility

S.E+%
hatchability

%
S.E+

No.  of
eggs  laid

Female/
S.E+

Pre-
oviposition

period
(days)

Doses
Total

S.E+PupaeLarvaeEgg

52:48a0.4+13.7a0.5+86.3a0.7+09a0.4+26.67.615.63.40a96.3+0.6aa10.4+4221.60

65:35b0.6+65.7b2.2+34.3b0.6+56.60.5+29.5
b8.816.54.20.9+42.5

bb1.2+69.1b3.1+338.31.750

70:30c0.7+88.2c0.6+11.8c0.4+18.5
0.4+31.6

c9.217.74.7
0.8+71.1

cb.21+36.6b5.3+320.41.9150

81:19c0.5+92.3c0.3+.77c1.2+15.6d0.4+339.318.65.11.7+85.2
dc0.6+31.7c3.6+1902.5250

------------350

-10.320.711.81.2---12.825.378.9-L.S.D.



Table (13) Effect of gamma irradiation (cesium) on the life cycle of the second generation of Spodoptera littoralis
resulted from mating of normal females and irradiated males

. Means followed by the same letter in a column within each dose are not significantly different (P > 0.05)

Sex
Ratio
M : F)(

Mortality
%

E.S.+

Emergence
S.E+%

Pupation
S.E+%

Developmental period (days)
Sterility

S.E+%
hatchability

S.E+%

No.  of
eggs  laid
/female

S.E+

Pre-
oviposition

period
(days)

Doses
Total

S.E+PupaeLarvaeEgg

52:48a0.4+13.7a0.5+86.3a0.7+09a0.4+26.67.615.63.40a96.3+0.6aa10.4+4221.60

58:42b0.5+51.6b0.9+48.4b0.7+64.1
0.5+26.8

a7.615.73.5
2.9+37.2

bb0.8+72.1b5.2+353.91.650

63:37c.60+172.c0.2+827.c1+53.7
0.3+28.6

b8.316.63.7
0.8+65.1

cc0.6+44b2+322.31.7150

71:29d0.8+86.7d0.9+13.3c1.7+.7430.4+29.6
b8.617.13.91.7+80.3

dc1.7+33.8c3.2+236.91.7250

------------350

-13.213.210.11.1---11.816.262.3-L.S.D.



Table (15) Effect of gamma irradiation (cobalt) on the life cycle of the third generation of Spodoptera littoralis
resulted from mating of irradiated females and normal males

.

Means followed by the same letter in a column within each dose are not significantly different (P > 0.05)

Sex
Ratio

M : F)(

Mortality
%
S.E.+

Emergence
S.E+%

Pupation
S.E+%

Developmental period (days)
Sterility

S.E+%
hatchability

S.E+%

No.  of
eggs laid
/ female

S.E+

Pre-
oviposition

period
(days)

Doses

lTota
S.E+PupaeLarvaeEgg

50:50a0.4+11.1a0.5+.988a0.6+1.29a0.3+26.47.515.53.40 aa1.3+97.2a11.6+4301.50

52:48b0.6+6.73b0.4+63.30.6+69.2
bb0.4+26.87.715.63.5b2.8+12b0.6+91.2b5.5+403.31.650

57:43c0.5+35.4c0.9+64.6
1.2+66.3

bc0.5+27.48.015.83.6
1.4+26.4

cc0.6+87.2b2.6+353.21.6150

65:45d0.4+47.8d0.8+.1251.4+58.6
c

d0.4+28.38.416.23.72.9+41.6
d

d0.8+78.2c7+312.11.7250

------------350

-2.41.83.60.8---12.84.025.3-L.S.D.



Table (17) Effect of gamma irradiation (cobalt) on the life cycle of the third generation of Spodoptera littoralis
resulted from mating of irradiated males and irradiated females

. Means followed by the same letter in a column within each dose are not significantly different (P > 0.05)

Sex
Ratio
M : F)(

Mortality
%
S.E.+

Emergence
S.E+%

Pupation
S.E+%

Developmental period (days)

Sterility
S.E+%

Hatchability
S.E+%

No.  of
eggs laid
/ female

S.E+

Pre-
oviposition

period
(days)

Doses
Total

S.E+PupaeLarvaeEgg

50:50a0.4+.111a0.5+.988a0.6+1.29a0.3+26.47.515.53.40 ss1.3+97.2a11.6+4301.50

54:43b0.5+39.7b0.9+60.3b0.6+66.30.3+27.3
b

7.7163.6b32.+15.3b0.6+89.1b5.6+397.31.550

61:39c0.4+44.7c0.7+55.3c0.8+60.30.4+29.2
c

8.317.13.8c1.2+30.3c0.6+85c4.6+342.71.6150

70:30d0.6+51.4d0.8+48.6d1.2+53.30.3+30.3
d8.717.44.2d0.8+46.5d2.2+74.2d2.6+301.21.7250

------------350

-3.64.14.10.7---13.44.127.3-L.S.D.



Table (16) Effect of gamma irradiation (cobalt) on the life cycle of the third generation of Spodoptera littoralis
resulted from mating of normal females and irradiated males

. Means followed by the same letter in a column within each dose are not significantly different (P > 0.05)

Sex
Ratio
M : F)(

Mortality
%
S.E.+

Emergence
S.E+%

Pupation
S.E+%

Developmental period (days)
Sterility

S.E+%
Hatchability

S.E+%
No. of eggs

laid
/female

S.E+

Pre-
oviposition

period
(days)

Doses
TotaL
S.E+PupaeLarvaeEgg

50:50a0.4+11.1a0.5+.988a0.6+1.29a0.3+26.47.515.53.40aa1.3+97.2s11.6+4301.50

51:49b0.5+34b1+64
0.6+69.2

b
0.3+26.9

b7.815.63.5a0.8+9b1+93.3b45.+408.51.650

54:46c0.6+40.8c0.7+59.21.3+66.2
c

0.4+27.6
c7.916.13.61.3+24.3

bc0.4+88.6c2.6+357.11.6150

60:40c0.8+45.9d1.1+54.11.4+58.6
d

0.5+28.5
d

8.216.53.8c4+38.6d0.7+79d6.9+324.81.7250

------------350

-5.82.62.10.5---11.32.237.3-L.S.D.



Table (18) Effect of gamma irradiation (cesium) on the life cycle of the third generation of Spodoptera littoralis
resulted from mating of irradiated females and normal males

. Means followed by the same letter in a column within each dose are not significantly different (P > 0.05)

Sex
Ratio
M : F)(

Mortality
S.E.+%

Emergence
S.E+%

Pupation
S.E+%

Developmental period (days)
Sterility

S.E+%

Hatched
egg %

S.E+

No.  of
eggs laid
/female

S.E+

Pre-
oviposition

period
(days)

Doses
Total

S.E+
PupaeLarvaeEgg

50:50a0.4+11.1a0.5+.988a0.6+1.29a0.3+26.47.515.53.40a
1.3+97.2

aa11.6+4301.50

51:49b0.5+34.3b0.3+65.70.1+70.1
b

0.4+26.7
a

7.715.63.42.2+10.3
b

0.3+92.2
b

a4.2+406.51.550

52:48b0.7+29.2c1.4+60.8
0.5+57.3

c
0.3+27.4

b7.9163.5
1.8+25.3

c
0.8+88.6

cb2.9+3521.6150

58:4243+0.8cd1.5+570.6+64.6
dc0.4+288.116.23.71.8+38.3

d
0.6+79.7

db2.8+323.61.7250

-----------350

-7.62.12.80.5---9.33.521.3-L.S.D.



Table (19) Effect of gamma irradiation (cesium) on the life cycle of the third generation of Spodoptera littoralis
resulted from mating of normal females and irradiated males

. Means followed by the same letter in a column within each dose are not significantly different (P > 0.05)

Sex
Ratio
M : F)(

Mortality
S.E.+%

Emergence
S.E+%

Pupation
S.E+%

Developmental period (days)Sterility
S.E+%

Hatchability
.ES+%

No. of
eggs laid
/female

S.E+

Pre-
oviposition

period
(days)

Doses

Total
S.E+PupaeLarvaeEgg

50:50a0.4+11.1a0.5+.988a0.6+1.29a0.3+26.47.515.53.40aa1.3+97.2a11.6+4301.50

53:49b0.5+37.3b1.3+62.70.4+.968
b

0.6+127.
b7.715.83.6a0.4+8a0.7+94.5a5.5+4111.650

56:44b0.6+41.4c0.6+58.6b0.9+620.4+28.5
c816.83.7b0.7+25b0.2+89.1b1.8+3521.7150

63:27c0.4+49.5d0.9+50.50.7+55.7
c

0.4+29.6
d

8.517.140.8+35.3
c

c2.3+81.5b4.9+331.81.7250

------------350

-5.74.12.10.6---8.32.837.3-L.S.D



Table (20) Effect of gamma irradiation (cesium) on the life cycle of the third generation of Spodoptera littoralis
resulted from mating of irradiated males and irradiated females

. Means followed by the same letter in a column within each dose are not significantly different (P > 0.05)

Sex
Ratio
M : F)(

Mortality
% S.E.

Emergence
S.E+%

Pupation
S.E+%

Developmental period (days)Sterility
S.E+%

hatchability
S.E+%

No. of eggs
laid

/female
S.E+

Pre-
oviposition

period
(days)

Doses

Total
S.E+PupaeLarvaeEgg

50:500.4a+11.1a0.5+.988a0.6+1.29a0.3+26.47.515.53.40aa1.3+97.2a11.6+4301.50

53:470.5b+38.2b0.2+61.8b1.2+.336b0.4+288.116.13.8a1.2+13.5b1.2+90.5b6+400.41.750

59:410.5c+50.3c0.4+49.7c0.8+55.3c0.4+30.78.817.44.5b0.8+27.6b1.4+87.2c6.9+3471.8150

68:32c0.6+54.3d1+745.d0.5+47.2d0.5+32.59.218.54.8c0.5+42.6c1.6+76.2d7+315.32.2250

------------350

-6.53.15.31.2---14.15.228.5-L.S.D.



CGTAATGATG TGGTGGTGGT ACCACGAACG GGAAAATCAG CAGTACAAGC
ACTTCAAAAG CAGAGGGCCC ATAATCAATA CCCATTGGTC CATCTCCACT
CCTGTGTGAA TAGACTGGCT CAGTCTCAAG CTGTTCAGAT CCCCGAAGTT
ATAAATGCAG CAGCTACTCC TGAGAACCAG CACTTCCAAG TCCCAAGATA
GAGAAAGATC AGGGAAGGCG GTTGAGTCAA CAAAGCATGG AACTGACTCC
CATCCGTGAC ATCTTGGCTC TTTCTGCAAG AGCCTGCAGT TCTCGTTGAT
CCGGTACATC TTTGGCTCTT TACTGCAAAG  CCCATGGCTT  AGTATAGATA
TTGCTCACGC AACAGTTACC AATGCTCGGT GCGCATC--- ---------- -
---------

Fig (39): Nucleotide sequences of the putative partial DNA repair sequence
(SpliRep) of S. littoralis.



Spli CGTAATGATG TGGTGGTGGT ----ACCACG AACG-GGAAA ATCAGCAGTA –CAAGCACTT –CAAAAGCAG AGGGCCC-AT
Dros CGTAATGGTG --GTGGTGGT GGATACCACC AACGTGGACC A-CAGCAGCA ACAT-CAGAA GCACCAGCAG CCCCCACCAT

******* **   ********     ****** **** ***   * ****** *  **  **     **  *****     * * **

Spli AATCAATACC C-ATTG–GTC CAT-CTCCAC TCCTGTGTGA ATAGACTG-- GCTCAGTCTC AAGCTGTTCA GATCCCCGAA
Dros CGTC–AT-CC CCATTCACTC CAAGCTCCTC TG-TGAAT-A ATAGACTGAA GCTCAAGCAG ATGCCCGT-- --TCCCGCAC

** ** ** * ***   ** **  **** * *  **  * * ********   *****  *   * **   *     **** **

Spli GTTATAAATG CAGCAGCTAC TCCTGAGAAC CAGCACTT-- -CCAAGTCCC AAG--AT-AG AGAAAGATCA GGGAA–GGCG
Dros CT-ATAACTC CACCAGCTAC TCCCGAGATG GTG-AGTAAA ACAAAG-CCC AAGTTATCAC ACAAAGAGCA GCCAAAGGCG

* **** *  ** ******* *** ****     * * *     * *** *** ***  ** ** * ***** ** *  ** ****

Spli GTTG-A-GTC AACAAAGCAT GGAAC-T-GA CTCCCATCCG TGACAT-CTT GGCT-CTTTC TGCAAGAGCC TGCAGTTCTC
Dros GCTCCAAGTC CACCA-GCAC TTCCAGTTG- CTCCCAAACG CAAGGTGGGG GGCAACTTCC TCTTTGATTC TACAGTT---

* *  * ***  ** * ***        * *  ******  **   *  *     ***  *** * *    **  * * *****

Spli GTTGATCCGG T-ACATCTTT GGCTCTTTAC TGCAAAGCCC ATGGCTTGGA AAACC-TCAG TAT–AGATAT T--GCTCACG
Dros ---GATCCGG TGACATCTTT GGCTCTTTAC TGCAAAGCCC ATGGCTTGGA AAACCCTCAG TATCAGATAT TTGGCTCACG

******* * ******** ********** ********** ********** ***** **** *** ****** *  *******

Spli CAACAGTTAC CAATGCTCGG TGCGCATC
Dros ------TTAC CAATGCTCGG TGCGCATC

**** ********** ********

Fig (42): Comparison of nucleotide sequences of the putative partial DNA repair
sequence (SpliRep) of S. littoralis and the Drosophila willistoni DNA repair gene (Acc#
XM_002068731). Asterisks represent the identical nucleotides (68.1%).



Nucleotide sequence and sequence analyses

The nucleotide sequence of SpliRep DNA fragment is shown in Fig. (41). The nucleotide

sequence of SpliRep was blasted in GenBank database and compared to all available

sequences. Alignment results revealed that SpliRep has significant alignment with

Drosophila willistoni DNA repair gene (Acc# XM_002068731). Comparing SpliRep

nucleotide sequence to its corresponding sequence of D. willistoni (Acc#

XM_002068731) as a reference, 68.1 % identity (237/348 nt.), 111 different nucleotides,

23 gaps and 25 insertions were observed throughout the compared DNA segments (Fig.

42).

Discussion

To date, DNA repair genes introduce a promising research line to understand the

mechanism of repairing damaged DNA in living organisms. Searching for DNA repair

genes is a developing subject of work that interprets how DNA breaks are biologically

repaired. It also provides a logic explain for how an organism was doing well, although it

was subjected to many DNA-damaging influences (chemical, physical and biological).

The isolation of SpliRep which was fairly identical to one of the well-known repair genes

in D. willistoni strengthened the putative action of a DNA repair system in S. littoralis

when it was subjected to DNA-damaging radiation (gamma radiation).
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V- Discussion and Conclusion.

The cotton leaf worm Spodoptera littoralis (Boisd.) is

considered one of the major pests of cotton, where cotton is

considered as one of the most economically important crops in

Egypt, grown for human consumption.

One of the safest methods having no adverse effects on

humans or environment is the use of gamma irradiation, as

well as the use of genetic control. Since the discovery of

Muller (1928) that mutation could be induced in insects by X-

ray treatment, entomologists thought of sterilizing large

numbers of insects and realizing them, whenever the insect is

too abundant as a mean for control (Knipling, 1955).the

success of any insect mass release program in inducing

subsequent generations depends, to a great extent, on the

comparative competitiveness of the released sterile insects and

the native populations, so we chose the full grown pupae  for

irradiation as Abdel-Salam (1983) concluded in his study on

Ephestia kuhniella that the radio tolerant of the Ephestia

kuhniella pupae irradiated in the larval stage increased as the

age of the pupae increased.
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1-Effect of gamma-irradiation on percent emergence

and malformation of Spodoptera littoralis.

The exposure of full grown pupae of S. littoralis to

gamma rays doses was found affecting severely the emergence

of adults. The reduction of adult emergence increased with

increasing the dose. Where, at the dose level of 450 Gy no

emergence occurred. While, Hilmy et al. (1984) when they

irradiated six-day old male pupae of Spodoptera littoralis with

the gamma doses (5, 10 and 20 Gy), they found that the dose

20 krad inhibited adult emergence.

Our results showed that, when the prevention of adult

emergence is used as a standard for measuring the

effectiveness of radiation against S. littoralis pupae, a dose of

450 Gy is required. It was also found that the ultimate

development of adults from full grown S. littoralis pupae was

completely prevented when these pupae were exposed to 400

Gy as (El-Sinary 1987) stated and added that the rate of

emergence of cotton leaf worm S. littoralis was decreased,

when male and female pupae were irradiated with different

doses.

So, this negative relation between the given dose and adult

emergence agreed with those obtained by Salem et al. (1983)

when they exposed pupae of different ages of Ephestia

kuehniella Zell. to different doses of gamma irradiation they
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mentioned that the effects on the rate of emergence were

strongly correlated with sex and the given dose, Ibrahim and

EL-Naggar (2001) in their studies on S. littoralis (Boisd.),

Hasaballa (1984) who explained that the emergence

percentage of adults of Ephestia cautella (irradiated as 2-day

old pupae and full grown pupae) decreased with the increase

of the dose, was due to the dose levels 75 Gy and 100 Gy

prevented adult eclosion for females and males, respectively.

In our opinion this highly significant reduction of the

percent of adult emergence from irradiated full grown pupae

might be due to the occurrence of severe damage which

prevented the successful development.

Also, when Haiba (1990) irradiated 5-day old pupae of

Phthorimaea operculella with doses 10, 50,100,150, 200, 250

and 300 Gy. There was a highly significant negative

relationship between dose and adult emergence, the higher the

dose, the lower the percentage of adult emergence. At all doses

used, males were more successful in emergence than females

as we noticed that females were more radio sensitive than

males, also, percent malformation increased for females than

males and these results agree with Sawiress (2005) who

studied the effect of gamma irradiation on the Mediterranean

flour moth, Ephestia kuehniella (Zeller). He exposed full

grown male and female pupae to doses of gamma irradiation
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ranging from 50 to 450 Gy. Irradiated females were more

radio-resistant than males. Hesham et al., (2003) showed that

this sensitivity may be due to severe effects of degeneration

and deterioration in the epithelial cells in P. operculella adult

females, resulting from irradiated pupae with 50 and 150 Gy

than males. These effects may affect the digestion and

absorption of food and hence development. Also, Haiba

(1990) discussed this phenomenon that the exposure of 5-day

old pupae to gamma- irradiation caused sever effect on the

germarium and vitelllarium of the ovarioles in the resulting

female. This relation between female sensitivity and

irradiation dose agrees with Abdel-Salam (1983) on Ephestia

kuehniella, Hasaballa et al. (1985) on Corcyra cephalonica,

Abdel-Baky(`1986) on Ephestia kuehniella, Sawiress (2005)

on Ephestia kuehniella, El-Sinary (1987) on S. littoralis

complete lethality was obtained at 4-day old pupae with the

doses 350 and 400Gy for females and males, respectively,

also, Arthur and Aguilar (2002) in their studies on

Dramastica saccharalis similarly found that females were

more radiosensitive than males, when five-day old pupae were

irradiated with doses of 100, 125 and 150 Gy and Haiba and

El-Halafawy (2000) found that the oxygen content in P.

operculelle adult females was greater than that in adult males,

in normal case. Similarly, exposure of 5-day old pupae to 150
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Gy produced adult males and females containing 85.50 and

86.17% oxygen, respectively. That may negatively affect the

activity of the female insect than male insect.

Generally, one can conclude that greater biological and

morphological damage occurs in females than in males at the

same dose level.

2-Effect of gamma irradiation on some biological

aspects of Spodoptera littoralis:

The present study investigates some biological aspects

that may be affected due to irradiation, our findings show that

the different doses of gamma-irradiation affected some

biological aspects of Spodoptera littoralis. Fecundity and

fertility were gradually decreased as the gamma- irradiation

dose increased.

These results agree with those obtained by Abdel-Baky

(1986), who studied the effect of gamma irradiation on

Ephestia kuehniella pupae. The exposure of the pupae to

radiation caused a reduction in fecundity and egg hatchability.

It means that reduction in fecundity and egg fertility

were dose dependent, these results also agree with Ibrahim

and EL-Naggar (2001) on Spodoptera Littoralis (Boisd.).

They found that fecundity of untreated females mated with

treated males declined gradually with increase in the radiation

doses. Fertility of treated males declined almost linearly to
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reach 0% at 400 Gy approximately.

It is obvious from the results of the present study that the

mean number of eggs decreases by increasing the irradiation

dose, which means that fecundity is affected by irradiation.

Suggesting that some genetic damage occurred because of

radiation as Elledge mentioned (1996).

The result agrees with El-Sinary (1987) on cotton leaf

worm, Arthur and Aguilar (2002) on Spodoptera frugipedra,

Mansour (2002) on Cydia pomonella and Ramos and Leon

(2002) on Helicoverpa armigera,

These phenomenons were also explained by Saour et al.

(1997) in their studies on P. operculella. They noted that

insect fertility was influenced by the presence of a good

number of eupyrene sperm (active sperm) and a sufficient

amount quantity of accessory gland secretion. Therefore, any

reduction in these two components resulted in low fertility.

Their results showed that the fertility of the irradiated male

P. operculella was decreased, even at lower doses. Such males

were able to transfer spermatophores which may contain few

viable sperm (at low doses) or empty ones (at high doses).

In the present study, the same findings were also

occurred for fertility, where hatchability of the pest eggs was

decreased with an increase in irradiation dose. This is a normal
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radiobiological reaction because radiation interferes with cell

division in the reproductive system of the females during its

initial stage of development, causing complete atrophy of the

ovaries (Walder and Calkines, 1993).

The reduction in fertility and fecundity by increasing the

irradiation dose was previously explained and discussed by

Mansour (2002) who stated that the percentage of sperm

transfer decreased as the dose was increased.

The inverse effect of irradiation on fecundity and fertility

agrees with the results recorded by Ibrahim (1981) on Agrotis

ipsilon, Abdel- Salam (1983) on Ephestia kuehniella,

Carpenter et al.(1983)  on Spodoptera littoralis, Salem et al.

(1983b) on Ephestia kuehniella who found that irradiation

affected sperm transfers, Hasaballa (1984) on Ephestia

kuehniella, Haiba (1990) on P. operculella, Ibrahim and El-

Naggar (2001) on Spodoptera littoralis.

The results of this study support the assumption that a dose

of 350 Gy is required in order to prevent egg laying and 450

Gy is required to prevent the pupae from reaching adulthood.

However, there were some differences. For instance, Hilmy

et al. (1984) found that the dose 10 Krad were required to

sterilize cotton leaf worm females. While the dose 20 Krad

inhibited adult emergence; similar results were also suggested
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in Carpenter et al. (1986), where they mentioned that the

dose 10 Krad completely inhibited egg laying, dose 10 Krad

completely inhibited egg laying this is slightly different from

our results. Differences in experimental techniques and dose

rates could account for much of the variations. Also, genetic

variability among different geographical strains and

differences between laboratory colonies were found to cause

differences in radio-sensitivity as well.

Our results indicated that irradiation has obvious effect

on sterility percent, where there were differences between all

sterility percentages of the pest at all doses were noticed.

This result agrees with Hasaballa (1984), who found

that sterility percentage of Ephestia cautella was affected with

irradiation. Where the doses 50 and 30 krad caused complete

sterility in the resulting adult males and females, respectively.

The present studies agree with Boshra (1988), she found

that all doses reduced the number of eggs laid per female and

percentage of hatching of the resulting adults. The doses 35

and 60 krad caused complete sterility for females and males,

respectively.

Li and Li (1983) on his studies on the effect of gamma

radiation on the amount and activity of the sperms of the corn

borer, Ostrinia furnacalis. explained this phenomena that the

number of sperms produced from irradiated males with 25 and
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40 krad was lower than that produced by untreated males.

However, the activity of the sperms in the bursa copulatrix of

the males was significantly lower than that of untreated

sperms.

The present studies also agree with, Yang et al. (2000) in

their studies on Spodoptera frugipedra, where they found that

the reduction in productivity is due to variation in chromosome

structure such as deficiency and inversion of female

chromosome, where most of the cells with the abnormal

chromosome were sterilized.

These results agree also with Salem et al. (1983), on

Ephestia kuehniell , Haiba (1990), on P. operculella, Boshra

and Hasaballa (1993), on their studies on adult Plodia

interpunctella, Saour et al. (1997) on Phthorimaea

operculella, Mansour (2002), on Cydia pomonella and

Hasaballa et al. (1985), on their studies on Corcyra

cephalonica, they noticed that the doses 50 and 30 krad caused

100% sterility to males and females, respectively.

Lepidoptera require much higher levels of ionizing

radiation to obtain full sterility (LaChance and Graham,

1984). The main cause of this difference is thought to be as a

result of the different kinetic organization of chromosomes in
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this group of insects. Whereas lepidopteran chromosomes are

holokinetic (Gassner and Klemetson, 1974).

The present results also show that delayed developmental

periods of the pest S. littoralis were observed by increasing the

irradiation dose, whereas the irradiation dose increased the

developmental periods increased.

There was a dose-dependent delay in the developmental

period of the S. littoralis eggs, larvae and pupae. The longevity

of the treated pupae increased when compared with controls

that continued development to adult emergence. Hallman

(2000) noted that insects may live for considerable periods of

time after irradiation. Makee and Saour (2003) assumed that

unbalanced hormonal system led to prolonged developmental

time in the F1 larvae of the potato tuber moth (PTM),

Phthorimaea operculella Zeller.

The positive effect of irradiation on the developmental

periods of Spodoptera littoralis does not agree with Abdel-

Baky (1981), who studied the effect of gamma radiation on

Ephestia kuehniella and found that the life span of adults of

both sexes-irradiated in the pupal stages was shortened as the

dose increased.

Our results are in agreement with Hilmy et al. (1984),

where they found that gamma radiation positively affected the

developmental periods of Spodoptera littoralis. Where, as the
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irradiation dose increased the developmental periods

increased. Also, Hasaballa et al. (1985), noticed that when the

rice moth, Corcyra cephalonica was irradiated as pupae, the

irradiation increased the developmental periods of the pest.

Sallam (1991), has the same findings when he exposed

fully-grown male pupae of the noctuid Spodoptera littoralis to

substerilizing doses of gamma-radiation. Where the average of

developmental periods were positively affected by the

irradiation doses.

Also, Ramos and Leon (2002), had the same opinion

where they studied the effect of irradiating on male

Helicoverpa armigera and found that it lengthened the

duration of the larval period by two days, the results of

Sawiress (2005), on Ephestia kuehniella are in agreement

with our results, where he found that the average larval-pupal

developmental period of F1 male and female progeny was

positively affected by the substerilizing doses of gamma

irradiation.

On the contrary, Amin et al (2010), found that the average

developmental time in days, required from egg hatch to adult

emergence was not evidently different from untreated control

among F1, F2 and F3 progeny descendant of irradiated P males

at all treatments (doses, generations and crosses).
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The present results also show that the pupation percent was

negatively affected by irradiation, where as the irradiation dose

increased, the pupation percent decreased. These results agree

with Carpenter et al. (1983), stated that when males of

Spodoptera littoralis were exposed to substerilizing doses of

gamma radiation, an increased incidence of larval and adult

mortality. Ernest et al. (1984), came to conclusion that the

irradiated population of Pectinophora gossypiellea with 20 krad

of CO60 gamma radiation showed a high rate of mortality in the

immature stages. Hamed and Khattab (1991), found that

gamma radiation dose of 40 krad prevented successful pupation

in the 3rd- instar larvae of Pieris brassicae in 97% cases and

caused 100% pupal mortality. When lower doses were applied,

the 3rd-instar larvae were more susceptible to disruption of

pupation.

In the present study, our findings show that the different

doses of gamma-irradiation inversely affected emergence

percentage of adults Spodoptera littoralis, this result agrees with

Carpenter et al. (1983), on Spodoptera littoralis, Hasaballa

(1984), where he determined that the emergence percentage of

adults of Ephestia cautella (irradiated as 2-day old pupae and

full grown pupae) decreased with the increasing of the

irradiation dose
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These results are in agreement with Hilmy et al. (1984),

on Spodoptera littoralis, El- Sinary (1987), where she found

that the rate of emergence of cotton leaf worm was decreased

with increasing the dose of irradiation and Haiba (1990), also

found that, there was a highly significant negative relationship

between dose and adult emergence of P. operculella, the

higher the dose, the lower the percentage of adult emergence

But the results of Salem (1983), on his studies on Ephestia

kuehniella mentioned that older pupae were more tolerant to

irradiation damage and adult emergence was not affected by

irradiation, these differences may be due to the small doses he

used in his study, because when Zhbara and Shikrenov

(1983), used larger doses on the pupal stage of the same pest

Ephestia kuehniella they showed that pupal mortality ranged

from 28.4% at 18 krad to 72% at 32 krad.

Sex ratio (male: female) was affected by irradiation, where

as irradiation doses were increased the sex ratio (male: female)

increased, this result agrees with Haiba (1990), on P.

operculella, she found that, at all doses used males were more

successful in emergence than females, and Sawiress (2005),

found that sex ratio of F1 progeny of Ephestia kuehniella

(Zeller), when exposed to doses of gamma rays was shifted in

favor of males. Also, Amin et al (2010), found that the sex

ratio Earias insulana was slightly altered in favour of males
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among the majority of all treatments (doses, generations and

crosses).

But our results disagree with Walder and Calkines (1993),

where they mentioned that radiation had no significant effect

on sex ratio of adults emerged from irradiated pupae of Plodia

interpunctella. Also, Mahmoud and Barta (2011) mentioned

that , the sex ratio of Pieris brassicae was affected by

irradiation only at higher doses (≥ 30 Gy) the proportion of

emerged males significantly decreased when compared with

the control or the lower doses (< 30 Gy). The lowest ratio was

observed at the dose 90 Gy,

3- Effect of gamma irradiation on sterility inheritance.

Our results indicate that the effect of gamma irradiation was

studied for three generations, where F1 were more sterile than

P and F2 showed more fertility than F1, but less fertility than

control, so inherited sterility was achieved for two generations.

This result agree with Ramos and Leon (2002), on

Helicoverpa armigera, where they stated that the deleterious

effect by irradiation was inherited in the F1 and F2 generations

and was maximally expressed when F1 progeny of the NF x

TM cross were inbred. Carpenter et al. (1983), where they

studied the effect of substerilizing doses of gamma radiation

on Spodoptera littoralis, the inherited deleterious effects were

observed for several generations the inherited deleterious
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effects were observed for several generations, where the

maximum level were for the first generation.. Reduction in

fecundity and egg hatching, together with an increased

incidence of larval and adult mortality, were due to the

inherited sterility affected genes, Ernest et al. (1984), came to

conclusion that the irradiated Pectinophora gossypiellea with

gamma radiation showed a high rate of mortality in the

immature stages and inherited sterility, Sallam (1991), studied

the effects of substerilizing doses of gamma-radiation on the

progeny of fully-grown male pupae of Spodoptera littoralis

for 3 generations. In all cases, larval and pupal mortality were

21-53 and 5-30% higher than normal in the F1 and F2

generations, resp. The F1 generation was significantly more

sterile than the parents.

Arthur and Aguilar (2002), had the same findings,

where they performed experiments with the objective of

finding the dose of gamma radiation capable of causing

sterility in the first and second generations by irradiating the

parental generation of Dramastica saccharalis, they obtained

encouraging results which indicate that inherited sterility

might be used for control of this insect and the maximum

sterility was for F1 generation . Our results don’t agree with

Amin et al (2010), where they stated that among the F2, the

larval and pupal mortality of Earias insulana was still high for
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all treatments and was significantly increased at the three

highest irradiation treatments 80, 100 and 150 Gy. The

mortality of F3 larvae was reduced when compared with that of

F1 and F2, but was still greater than in untreated control.

Mortality increased as irradiation dose increased. The

incidence of larval and pupal mortality was higher in the F2

than in the F1 generation. Inherited deleterious effects of

gamma radiation were observed in the F1 and F2 generations.

Levels of sterility in the P, F1 and F2 generations were higher

than that of untreated controls.

4- Effect of gamma irradiation on DNA:

It is almost 68 years to the day since two atomic bombs were

dropped on the Japanese cities of Hiroshima and Nagasaki.

The bombs claimed the lives of about 250,000 people. They

also provided scientists with unique data on how radiation

causes cancer. In the years since World War II, this data has

been used to set safety levels for exposure to radiation

everywhere from hospitals to nuclear power plants.

Radiation-induced ionization may act on the cellular

component molecules or indirectory on water molecules,

causing water-derived radicals. Radicals react with nearby

molecules in a very short time, resulting in breakage of
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chemical bonds or oxidation (addition of oxygen atoms) of the

affected molecules, including DNA and RNA.

Ionization which occurs in a cellular structure depends on

the dose of radiation and on the target size. A dose of 5 Gy

caused inhibition of cellular thymidine incorporation in a DNA

target of 1000 Kb (fragments as long as 1ooo kb :kb =

kilobase = 1000 bp) (roughly 20 times the size of replication),

Cook and Brazel, (1975). Mentioned that the damage to a

single replicon results in the generation is a signal to regulate

replicon initiation throughout the cluster. Lamb et al. (1989)

provided evidence for a in trans to block DNA replication

signal, produced in response to irradiation, which acts (i.e. the

existence of a signal transduction mechanism) to regulate

gross DNA synthesis in response to local damage, known as a

checkpoint control.

Checkpoint controls regulate progress through the

eukaryotic cell cycle apparently to allow the cell to complete

house-keeping and maintenance functions necessary for cell

cycle progression. For example, a checkpoint control regulates

progress through G2 phase (pre-mitotic phase) so that, in the

presence of DNA damage, progression is arrested until repair

has been affected Elledge, (1996).

It is shown that ionizing radiation doses of a few to tens of

grays, causes a temporary decrease in the rate of DNA
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synthesis per cells Okada, (1970). As a consequence, the rate

of S-phase traverse is reduced and cells accumulate in this

phase which is called S-retention effect Roberton (1959).

The effect of radiation on genetic material of the cell has

been studied at the early fifty`s of the century where the

inhibition of synthesis of nucleic acid, their degradation

induced by ionizing radiation were reported in Melanopolus

differentials Passonneau et al., (1954), this trend of scientific

research was continued on other insect pests. Exposure of

two tenebrionides species Pimpelia angulata and Pimpelia a

expiata to 20-45 krad caused a degree of DNA content in their

tissues Madhukar et al. (1970) stated that the inhibition of

DNA synthesis in Aedes aegypti treated with apholate and

hema caused the mortality of the eggs. Decrease in the DNA

concentration as a result of irradiation was reported by Beck

and Clayton (1981) in their work on Drosophila virlis. The

substerilizing doses of gamma rays caused changes in nucleic

acid content of S. littoralis where DNA was found to be more

radio tolerant than RNA Sallam et al. (1996). Gamma

irradiated pupae of C. capitatata showed more or less high

degrees of reduction in male DNA and female RNA contents

are slightly changed Fadel (1999).
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In our investigations, the percent of DNA of the irradiated

S.littoralis, at pupal stage, changed slightly compared to their

relative controls. These changes were variable according to the

generation parent, F1 or F2, the dose of irradiation and the

source of irradiation (cobalt or cesium).

Most single-strand breaks can be repaired normally thanks

to the double-strand nature of the DNA molecules since the

two strands complement each other, so that an intact strand can

serve as a template for repair of its damaged opposite strand.

Inhibition of synthesis of the DNA as well s its repair, as a

result of exposure to ionizing radiation may be due to the

inhibition of the enzymes required for that. DNA polymerase

enzyme is known to be involved in both DNA replication and

DNA repair. Thus a reduction in DNA polymerase activity due

to radiation lesions on the cellular DNA would act as a

mechanism to focus radiation damage. The interaction

between the irradiated DNA template and DNA polymerase

which results in the decreased enzyme activity could occur by:

(1) Random DNAs- protein binding. (2) Binding of the DNA

polymerase to the irradiated DNA prior to or during the

initiation of DNA synthesis. (3) Binding of the polymerase to

the irradiated DNA after initiation and further along the DNA

chain, i.e., during elongation Landbeck and Hagen (1973).
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The repairable damage might become non-reparable after

short time Ward and Kuo, (1976). The radiosensitivity of

some cells stems from a repaired effect Philips and Tolmach

(1966), showed that holding mammalian cells in stationary

phase  after irradiation allows recovery from radiation damage,

before cell cycle progression (entry into S-phase) renders the

damage irreparable. Tolmach and Jones (1977) measured

DNA synthesis in the first post-irradiation generation of Hela

cells. They suggested that the pattern of DNA synthesis in

generation 1 is different from that in generation 0. They

concluded that in the later case a combination of a reduced rate

of synthesis and a prolonged S-phase result in a full amount of

DNA being replicated. In generation 1, reduced DNA

synthesis might result from interruption of replication when

the DNA polymerase encounters the site of a lesion of a

replicon. Replication of the complete genome in generation 0

might be possible because of the physical contiguity of 2

strands of DNA; in generation 1, however, the putative lesion

in the original strand has been copied in its complement,

yielding lesion in both strands which be labile during

replication.

In our investigations, the RAPD-PCR and ISSR profile of

some irradiated samples revealed the appearance of some

fragments of high molecular sizes which may be a sort of
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repairing mechanisms occurring in the irradiation damaged

DNA as Sallam et al. (1996) mentioned in their study on S.

littoralis. our results were detected in F2 males emerged from

pupae irradiated (cobalt source) with 50 and 250 Gy (using

primer OP-AX6 and OP-D01), respectively and in F2 males

emerged from pupae irradiated (cobalt source) with 50, 150

and 250 Gy (using primer OP- C01). Also, these fragments

were detected in F2 males emerged from pupae irradiated

(cesium source) with 50 and 250 Gy (using primer OP-AX6),

in F2 males emerged from pupae irradiated (cesium source)

with 150 and 250 Gy (using primer OP-C01), in F2 males

emerged from pupae irradiated (cesium source) with 150 Gy,

(using primer OP-D05), in F2 males emerged from pupae

irradiated (cesium source) with 250 Gy (using primer OP-

D01).

In the past, the most successful avenue for the use of

genetics in insect control has been the employment of the

sterile insect technique, in which huge numbers of a species

are produced in a factory, sterilized by exposure to ionizing

radiation and released in the native habitat. This method is not

suitable for the control technique for many economically

important insects species for economical and biological

reasons. The use of genetic insects of agricultural and public

health importance is a highly desirable goal. Recent advances
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in molecular biological techniques will revolutionize the

manner by which genetic map can be constructed, the motor of

this revolution is the polymerase chain reaction Robinson,

(1993).

The RAPD-PCR is a technique using the method of PCR

amplification to produce millions of copies of particular

segments of DNA in a variety of organisms including insects

Black et al. (1992). Genomic fingerprinting assays using

Randomly Amplified Polymorphic DNA (RAPD) and ISSR

are excellent methodologies for differentiating specific genetic

elements within a complex genome Roberts and Crawford,

(2000).

The term: random may be somewhat misleading in that the

only random component is the sequence of a primer rather

than the regions amplified. RAPD-PCR and ISSR helps in

genetic analysis without knowledge about the DNA sequence

or genes of the species studied and it detects polymorphism

across the whole genome either coding or non-coding regions

Welsh et al. (1990).

The study of the PCR and ISSR pattern of normal and

irradiated ( using cobalt and cesium sources ) males S.

littoralis (emerged from irradiated pupae) at various

generations  (parents, F1 and F2) showed variation between
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them. The appearance of extra bands and disappearance of

others, as a result of irradiation, were recorded throughout our

investigation causing the variations in the PCR pattern among

the different samples although they are belonging to the same

generation. The variations in the PCR patterns depend on the

primer used, the dose of gamma irradiation given to the insect,

the kind of the irradiation source and differ from parent, F1 and

F2 males.

These results agree with those of Lea (1956) who stated that

ionizing radiations deposits energy in an absorber at a discrete

loci randomly distributed within the radiation field and that

ionization which occurs a cellular structure depends on the

dose of radiation and target size. In this study the-PCR and

ISSR proifile of some irradiated samples, revealed the

appearance of some extra fragments and the disappearance of

one or more fragments. Similar finding were recorded by

Alexandrov et al. (1998) who stated that gamma rays induced

mutants revealed deficiency of one or more fragments

produced. The rest of mutants showed no alterations in the

PCR patterns indicating possible small scale changes (point

mutations) inside the gene region studied or the gross lesion

probably situated. Similar results were obtained by Zaghloul

(2004), where  she studied the PCR patterns of normal and

irradiated male and female cowpea weevil C. maculates she
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found the appearance of some extra bands and the

disappearance of others, as a result of irradiation was

attributed to the repair mechanism that occur in the irradiation

damaged DNA.

The PCR pattern of genomic DNA of the adult male S.

littoralis irradiated as a pupae similar to their control using

primer OP- AX6, CO1, DO1, DO5, DO1 and EO3 (cobalt and

cesium sources) indicating that there were possible small scale

changes in the region studied or the lesions induced, this result

agree with Zghloul et al (2006), Rizk and Mikhaiel (2008)

they studied the similarity in the DNA  patterns of normal and

irradiated adult females was interpreted by supposing that the

irradiation induced damage in the regions of the genome other

than at the loci under study.

The nucleic acid contents is involved in the sexual

maturation of the insects in general, thus one can deduce that

any induced damage to its material might have affected the

growth and maturation of the germ cells causing the sterility of

the insects.

5. Nucleotide sequence and sequence analyses

To date, DNA repair genes introduce a promising research

line to understand the mechanism of repairing damaged DNA

in living organisms. Searching for DNA repair genes is a
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developing subject of work that interprets how DNA breaks

are biologically repaired. It also provides a logic explain for

how an organism was doing well, although it was subjected to

many DNA-damaging influences (chemical, physical and

biological). The isolation of SpliRep which was fairly identical

to one of the well-known repair genes in D. willistoni

strengthened the putative action of a DNA repair system in S.

littoralis when it was subjected to DNA-damaging radiation

(gamma radiation).
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VI. Summary

The present study was investigated to evaluate the effect

sub sterilizing doses of gamma irradiation (using cobalt and

cesium sources) on certain biological aspects on the pupal

stage of the cotton leaf worm Spodoptera littoralis (Boisd.). to

study levels of sterility of males S. littoralis, to follow the

effects of sub sterilizing doses through filial generations

descending from irradiated male parents to study the inherited

sterility. Secodarey the effect of various doses of gamma rays

(using cobalt and cesium sources) on the DNA pattern of the

emerged adult males irradiated as pupae were also studied to

find a genetic marker made by comparing the DNA patterns of

normal and irradiated parents, F1 and F2 generations, which

would serve to study the inheritance of sterility and the DNA

repair that may take place.

1. Biological studies

1.1. Effect of gamma-irradiation on percent

emergence and malformation of parent Spodoptera

littoralis.

1.1.1.  Effect of cobalt irradiation:

The result demonstrates that the dose level 450 Gy

completely inhibited adult emergence from irradiated full

grown pupae. Percent malformation of the emerged adult in
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showed a gradual increase as irradiation dose level was

increased.  Male: female sex ratio increased as the irradiation

dose increased.the cobalt irradiation was more effective than

cesium irradiation.

1.1.2. Effect of cesium irradiation:

The result demonstrates that the dose level 450 Gy

completely inhibited adult emergence. There was a positive

relation between percent malformation and the irradiation

dose. Where, percent malformation increased by increasing the

irradiation doses. Females were more affected with irradiation

than males. So, male: female sex ratio increased as the

irradiation dose increased. Usage of cesium source for

irradiation was less harmful for the pest than cobalt source.

1.2- Effect of gamma irradiation on life cycle of the

suuccessive generations of Spodoptera littoralis.

1.2.1- With cesium irradiation.

A. A negative realationship between dose

levels and mean number of deposited eggs were

obtained; the higher the dose, the lower were

the eggs laid.

B.  Irradiation of full grown pupae had a

marked effect on hatchaing percentage in case

of deposited eggs of the emerged adults treated
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as pupae and that laid by treated and untreated

ones were highly significant. Decreased

fecundity and egg hatchability were more

prevalent when both the male and female pupae

were treated compared to the treatment of

female pupae only.

C.   The dose level 350 Gy was considered as

the complete sterilizing dose for males and

females. This suggests that although some

adults eclosed from pupae irradiated at 350 Gy,

they were not able to lay eggs.

D.  At all dose levels, females seemed to be

more sensitive than males. Where, all the

biological aspects were more affected by

irradiation for the individuals emerged from

irradiated females mated with normal males

parents than individuals emerged from

irradiated males mated with normal females

parents (as pupae).

E.   The percent sterility was positively affected

by the irradiation dose.

F.  The cesium irradiation has affected the

developmental period, where it increased as the

irradiation dose increased
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G.  The percent pupation was negatively

affected by irradiation, so as the irradiation

dose increased the percent pupation decreased.

H.  The percent emergence was negatively

affected by irradiation, so as the irradiation

dose increased the percent pupation decreased.

I. The irradiation has also affected females

more than males, so male: female sex ratio

increased as the irradiation dose increased.

J.    The sterility percent increased in F1 males

than in parent males, then decreased in F2 males

than in F1 males, which meant that F2 males

became more resistant for the given irradiation

doses for its parents.

II. 1.2.2 With cobalt irradiation

A. The reduction of the laid egg increased

gradually by increasing the irradiation dose.

B. The percent of hatched eggs per female

decreased by increasing the irradiation dose.

C. The irradiation has a ppositive effect on

sterility. Where as irradiation dose

increased, the sterility increased. Where the

irradiation dose 350 Gy was consisederd as
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the sterilizing dose.

D. At all dose levels, females seemed to be

more sensitive than males. That made us to

choose males for inheriting sterility than

females and as well as for DNA analysis.

E. The developmental period showed a

marked increase with increasing the

irradiation dose.

F. The pupation percent diminished

gradually by increasing the irradiation dose.

G. Irradiation had an adverse effect on

emergence percentage, thus as irradiation

increased the emergence percentage

decreased.

H. The irradiation has affected percent

emergence of females than for males, so

male: female sex ratio increased as the

irradiation dose increased.

I. The sterility was inherited for F1 males in

high percentage than for F2 males.

J. The usage of cobalt irradiation source was

more favourable for irradiation than cesium

source, where, it was faster (high dose rate),

more effective at all biological aspects of



Summary

- 225 -

the pest.

K. The mating Combinations (treated X

untreated insects) and the doses significantly

affected the moths compared with the

untreated controls, regardless of source.

L. Also, though some of the differences in the

responses were real between the 2 sources,

the trends were similar, and both types of

treatments effectively sterilized the adult

cotton leaf worm.
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2. Molecular studies:

The results of the PCR and ISSR patterns of normal

and irradiated males and females S. littoralis at pupal stage

showed variations between them. The appearance of some

extra bands and the disappearance of others, as a result of

irradiation, were recorded frequently during the present

investigation causing the variations in the PCR and ISSR

profiles among the different samples although they are

belonging to the same species. These alterations were more

obvious if the insect was irradiated at higher doses and this

might be due to the fact that exposure of insects to high

irradiation doses during pupal stages undergoing marked

development and tissue differentiation as during

metamorphosis.

However, the apperarance of extra bands of higher

molecular weight in the DNA profiles of some samples of the

S. littoralis were recorded especially when the irradiation was

at higher doses. It was attributed to the repair mechanism that

occur in the irradiation damaged DNA.

Aterations of the DNA patterns of the sterile males and

females of S. littoralis from the normal provide an explanation

for the induced sterility regarding the importance of the DNA

in the transfere of the genetic materials from cell to cell.

However, the similarity in DNA patterns of normal and



Summary

- 227 -

irradiated adult males was interpreted by supposing that the

irradiation-induced damages in regions of the genome other

than at the loci under study.

Finally, by using the nucleotide sequence and sequence

analyses searching for DNA repair genes that interprets how

DNA breaks (by radiation) are biologically repaired.

So, the isolation of SpliRep gene which was fairly identical

to one of the well-known repair genes in D. willistoni

strengthened the putative action of a DNA repair system in S.

littoralis when it was subjected to DNA-damaging radiation

(gamma radiation).
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ص العربى  خلالم

-١-

ص العربيخالمل
توريث العقم فى دودة ورق القطن والتغيرات فى نمط ال د. ن. أ. 

.ألستخدام أشعة جامانتيجه 
ث تأثیراتنا ھ بح ذة الدراس ت ھ تخدام رجلول ا (بأس عة جام ھ ألش ت المعقم ات تح ع

ة دالمصدرین الكوبلت والسیزیوم) على بعض الظواھر الطبیعیھ للطور العذرى لدو
ات معرفةبغرض ورق القطن،  أثیرات الجرع مستویات العقم لذكور اآلفھ واتباع ت

ت  ھالتح ال المتعاقب الل األجب ھ خ ك معقم ععھ وذل اء المش ور اآلب ن ذك دارا م ، انح
عة  ن أش ة م ات مختلف أثیرات جرع ث ت ملت بح ا ش م المورث.كم ة العق بھدف دراس

اط ال د.ن.أ.  ى أنم یزیوم) عل ت والس درین الكوبل تخدام المص ا (بأس ذكور جام لل
اد  ك الیج ععھ وذل ذارى الش اط البالغة من الع ة األنم الل مقارن ن خ ھ م ھ جینی عالم

اء  ن اآلب عاع م المختلفھ لل د.ن.أ. لكال من األفراد المتعاملبن والغیر متعاملین باألش
انى. ل األول والث تخدامھا والجی ن اس ى یمك موالت ث للعق ة التوری الح لدراس واالص

.DNAالذى یكن ان یحدث فى ال

اآل تى:   ونتائج ھذه الدراسھ یمكن تلخیصھا فى

بیولوجیھ:الدراسات الأوال:
خروج الحشرات الكاملھ   تأثیر التشعیع الجامى على.١

والتشوھات لآلباء:
تأثیر التشعبع الكوبلتى:١٫١
منع خروج ى جراى ال٤٥٠تعریض العذارى كاملة النمو للجرعھأدى 

الطور البالغ تماما،وقد ارتبطت زیادة نسبة التشوھات بزیادة الجرعات المعطاة، 
، كان التشعبع الكوبلتى وزاد معدل خروج الذكور بالنسبھ لألناث بزیادة الجرعھ

یومى.أكثر فاعلیة من التشعبع السیز
تأثیر التشعبع السیزیومى:١٫١

و للجرعتعریض العوجد أن ة النم راى ٤٥٠ھذارى كامل أدى ج
ن ایجابیھجد عالقھ اتولوحظمنع خروج الطور البالغ تماما،وقدل الً م ین ك ب

ھ عاعیھالجرع وھاتواإلش بة التش اة،ف، نس ات المعط ادة الجرع زداد، بزی ت
وھات  بة التش ذكور،فاو،نس ن ال عاع ع أثرا باألش ر ت اث أكث ت األن اد دزكان

ذكور ب روج ال دل خ ھ.مع ادة الجرع اث بزی بھ لألن تخدام النس ان اس د ك وق
المصدر السیزیومى للتشعیع أقل ضررا لآلفھ عن المصدر الكوبلتى.



ص العربى  خلالم

-٢-

لدودة ورق  المتعاقبھل ایجدورة حیاة االعلى تأثیر التشعیع الجامى .٢
القطن: 

:السیزیومىع ی. تأثیر التشع١٫٢

و متوسط عدد                                                                              اإلشعاعیھن كالً من الجرعھتوجد عالقھ سلبیھ بیأ.   
البیض، فكلما زادت الجرعھ، قل عدد البیض الموضوع. 

و دىإ.ب ىتشعیع العذارى كاملة النم بة  إل ى  نس وظ عل اثیر ملح ت
یض قس للبیض الناتج، لذلكالف س للب بة الفق ین نس رق ب إن الف ف

ن  ھ م ك الناتج ن تل عیع م ھ بالتش ذارى المتعامل ن الع اتج م الن
حاً  اً واض ان معنوی ععھ) ك ر مش ععھ وغی ذارى (مش . ع

وحا  ر وض ان أكث یح ك وبة والتلق بة الخص ى نس اض ف االنخف
ن ال م ان ك عاعندما ك املین باألش اث مع ذكور واألن اء ال ع اآلب

بالمقارنة باألناث المعاملھ فقط.

للذكور واألناث، المعقمھجرعھالجراى ٣٥٠تم إعتبار الجرعھ .ج
ھ  وھذا یفسر أن على الرغم من خروج بعض الحشرات البالغ

ھ  ععة بالجرع ذارى المش ن الع یس ٣٥٠م م ل راى، اال انھ ج
لدیھم القدرة لوضع البیض.

ات التش.د ل جرع د ك ن عن یھ م ر حساس اث أكث ت اإلن عیع كان
ذكور راد .ال عاع لألف أثرت باألش د ت ھ ق اھر الحیوی ل المظ ث ك حی

ر  ذكور غی ع ال ععھ م اث المش ن االن اء م زاوج اآلب ن ت اتجین م الن
ع  ععھ م ذكور المش ن ال اء  م ن اآلب اتجین م راد الن ن االف ععھ ع مش

االناث غیر المشععھ. 

ابیا بالجرعات التشعیعیھ.تأثرت نسبة العقم ایج.ه

أثرالتشعبع بالسیزبوم على فترات النمو،فازدادت بزیاة  و. 
الجرعات المعقمھ.

،فكلما ازدادت بالجرعات التشعیعیھسلبیاتعذیر.  تأثرت نسبة الز
ھ قلت نسبة التعذیر.الجرعات التشعیعی

یع على معدل خروج الذكور بالنسبھ لألناث فقد ازداد ح. قد أثر التشع
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بزیادة الجرعھ.

ط.  تزایدت نسبة العقم فى ذكور الجیل األول عن ذكور اآلباء، ثم قلت فى 
ور الجیل الثانى عن ذكور الجیل األول، مما یعنى ان ذكور الجیل الثانى صاروا ذك

التى تم اعطاءھا آلباءھم.أكثر مقاومھ للجرعات األشعاعیھ 

:الكوبلتى. تأثیر التشعیع١٫٢

.التشعیعیھزاد االنخفاض فى كمیة البیض تدریجیا بزیادة الجرعھأ. 

زیادة الجرعھ التتشعیعیھ.ب. قلت نسبة الفقس ب

ج.  أثر األشعاع ایجابیا على نسبة العقم ، فكلما ازدادت الجرعة االشعاعیھ 
جراى ھى الجرعھ المعقمھ. ٣٥٠الجرعھ تم اعتبارزاددت نسبة العقم و

د.  كانت االناث أكثر حساسیھ لألشعاع عند كل مستویات الجرعات المختلفھ.
جعلنا نختار الذكور لتوریث العقم عن االناث وباالضافھ الى تحالیل ال وھذا ما 

د.ن.أ.

زیادة ملحوظة بزیادة الجرعات التشعیعیة.أظھرت  فترات النموه.  

و.  تضاءلت نسبة التعذبرتدریجیا بزیادة الجرعات االشعاعیھ.

زداد التشعیع قلت ا از.  كان لالشعاع تأثیر معاكس على نسبة الخروج، فكلم
نسبة الخروج.

ح.  أثر التشعیع على نسبة خروج الذكور بالنسبھ لألناث ، ولذلك فقد ازداد 
معدل خروج الذكور بالنسبھ لألناث بزیادة الجرعھ التشعیعیھ..

ر الجیل ط.  تم توریث العقم لذكور الجیل األول بنسبھ اعلى منھا عن ذكو
الثانى.

من المصدر السیزیومى، أثیراى. ان استخدام المصدر الكوبلتى للتشعیع أكثر ت
حیث انھ اسرع (معدل الجرعات اسرع)، كان اكثر فاعلیھ لكل المظاھر 

الحیویھ لآلفھ.
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المعاملھ)، باالضافھ الغیرXك.   أثرت التزاوجات (المعاملھ باالشعاع
للجرعات على الحشرة معنویا، وذلك مقارنة بالحشرات الغیر معاملھ،بغض النظر 

عن نوع المصدر.

كانت رینمصدالبین االفعالفي ردودبعض االختالفاتانعلى الرغم من.  ل
على قامتمعامالتال، وكال النوعین منمماثلةتكانتجاھاتاالاال ان،حقیقیة

.القطنورقةبتعقیم دودةنحو فعال

:الدراسات الجزیئیھ:ثانیا
ة رت دراس لأظھ رة المتسلس د PCRتفاعل البلم داخل  القواع رار ت وتك

ذكور S. littoralisلحشرةISSRالبسیطھ  اث وال أنماطا مختلفھ لكل من االن
ھ وال رة. مالطبیعی ذرى للحش ور الع ى الط عاع ف ھ باالش ریض عامل د أدى تع وق

ا ال د.ن.أ.الحشرة للتشعیع لظھور أو أختفاء بعض أشرطة  دلك اختالف ببھ ل مس
فى البصمھ الوراثیھ للعینات برغم من ان جمیعھا تنتمى لنفس الصنف.

ط  ى نم رات ف ت التغی رة ال د.ن.أ.كان عیع الحش د تش وحا عن ر وض اكث
ى طور العذارى كثر تأثیرا فأشعاع بالجرعات العالیھ حیث یكون التعریض لأل

.الحشرة الكاملھعن 
ط ال ى نم ى ف ى أعل افیھ ذات وزن جزیئ رطھ االض ض االش رت بع ظھ

لجرعات عالیھ من االشعاع، فى بعض العینات خاصة التى تم تعریضھاد.ن.أ.
ل دیل أى خل ا لتع یب حیث یعتبرذلك حركة اصالح تحدث ذاتی د یص ارض ق ع

.DNAال
اط تالف أنم ور فراشال د.ن.أ.اخ اث وذك ى ان ن ةف دودة ورق القط

ن  اتج م م الن یرا للعق ى تفس د تعط ھ ق ذكور الطبیعی اث وال ى االن ا ف ھ عنھ العقیم
ووى ذا الحمض الن ة ھ را الھمی ھ االشعاع نظ ن خلی ھ م ادة الوراثی ل الم ى نق ف

ك  اطألخرى. ومع ذل ین أنم ابھ ب م تفسیرالتش د ت ھ د.ن.أ.الفق اث الطبیعی لألن
والمعاملھ باألشعاع باعتبار ان التلف الحادث باالشعاع فى مناطق الجینوم غیر 

واقعھ فى اطار الدراسھ.
ات  ن جین ا ع ھ بحث د النیوكلیتیدی ل القواع ة تحلی تخدام طریق را باس واخی

ر ك ى تفس الح الت رائط ال د.ن.أ.االص وجى لش الح البیول ة االص م یفی ى ت الت
تكسیرھا (عن طریق االشعاع).

ان  ذلك ف زلول ینع دى SpliRepج ن اح ھ م دا ان ح ج ان واض ذى ك ال
ة ال د.ن.أ.ھو الذى قوى نظام اصالح D. willistoniجینات االصالح  ى آف ف

للتدمیر بواسطة االشعاع. ال د.ن.أ.ودة ورق القطن عندما تم تعریضد
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