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ARTICLE INFO ABSTRACT

Avrticle History Radiation technology is widely used to produce changes in biosystems.
Received:15/3/2020  The goal of this work is to determine the variation induced in male parents and
Accepted:27/4/2020 F1 Ceratitiis capitata when gamma-irradiated as pupae using substerilising
doses (50 and 70 Gy and sterilising dose 90 Gy. Biological studies showed that

Keywords: the percent adult emergence of irradiated pupae decreased as the dose
Mediterranean increased and also the percent egg hatchability decreased as the dose increased,
fruit fly, gamma also percent pupation and percent emergence of F1 decreased as the dose
radiation, increased. Comparing DNA (using RAPD-PCR) of untreated adults, adults
substerile, DNA, irradiated with sterilising dose of 90 Gy and parents irradiated with substerile

dose (50 and 70 Gy) and their resultant F1. The results revealed that some
extra bands appeared and others disappeared, as a result of irradiation. The
appearance of extra bands may be due to the repair mechanism of the
irradiation damaged DNA. The banding patterns obtained and the dendrograms
drawn on the basis of presence and absence of bands revealed that irradiation
of parents with 50 and 70 Gy and their F1 are different from the unirradiated
pupae It was concluded that the sterile male technique could be used as a
benefit tool in controlling Ceratitiis capitata.

INTRODUCTION

RAPD-PCR,
bands.

The Mediterranean fruit fly, Ceratitis capitata is considered a major pest of fruit
production worldwide. It is a highly polyphagous species with the capability to adapt and
spread into several different environments, giving it the status of a threating invasive species
for fruit production in many countries (Figueroa 2018).

Management of Ceratitis capitata using traditional chemicals have limited success, and
many alternative approaches have been developed and evaluated, including the use of
radiation to induce dominant lethal mutations in the sterile insect technique (SIT), it is a
major component of many large and successful programmes for pest suppression and
eradication. The determination of the appropriate dose of radiation that produces the required
level of sterility without impairing the overall fitness of the released insect is very important
(Robinson 2002).

Substitutional, eco-friendly methods to control insect pests include the SIT, or the
partial male sterility technique (also called inherited sterility IS or F1 sterility). In SIT and FI
sterility, mass production and release of large numbers of genetically altered sterile males are
released into the treated area in quantities that surpass the estimated population size of wild
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males (also called the critical flooding ratio). The sterile males outcompete the local wild
males, and their mating with the females results in non-viable embryos (using SIT) or sterile,
highly male-biased offspring (using IS) (Carpenter et al. 2005). The advantages of using IS
were previously studied by North (1975) & La Chance (1985), they described several
attributes that are common to IS in Lepidoptera: it is species-specific; has no off-target
effects on the environment or on human health, F1 male and female offspring are more sterile
than the irradiated parental (P1) generation, and more F1 male progeny than female progeny
are produced. Other attributes may include longer developmental time and reduced sperm
quality in the F1 generation.

Radiation-induced deleterious effects can be inherited for several generations;
however, the majority of the inherited deleterious effects are expressed in the F1 generation.
Tothova & Marec (2001) declared that transmission of various complexes of chromosome
translocations is responsible for the production of genetically unbalanced gametes in F1
progeny of treated males and, as such, represent the main chromosomal mechanism of IS.

For the successful use of the SIT in Ceratitis capitata control is that the doses of
gamma irradiation do not affect or have less effect on the biology and mating ability of
irradiated insects. Full sterility may not be the most favourable condition for a programme,
and thus process optimisation is necessary to determining the sterilising dose of gamma
irradiation which can be used for minimising somatic damage and maximising male
competitiveness. (Abdel-Hamid 2013)

Insect sterilisation through induction of dominant lethal mutation in the genetic
material results from the exposure to ionising radiation (IR) (Kinipling 1955). A major source
of the mutation load in living organisms is the oxidative DNA damages, with more than 100
oxidative DNA adducts (Von Sonttag 1987).

Recently, several selective and sensitive assays developed, such as restriction
fragment length polymorphism, quantitative traits loci, random amplified polymorphic DNA
(RAPD), amplified fragment length polymorphisms, simple sequence repeat, a variable
number of tandem repeats for DNA analysis in eco-genotoxicology as a result of the
advances in molecular biology. RAPD-PCR is one of the most feasible methods or
techniques used for the detection of DNA damage and mutations comparing DNA
fingerprints from untreated and treated samples (Enan 2006, Lanzone et al. 2016).

The sterile insect male (SIM) is the most widely applied against tephritid fruit flies
(Enkerlin 2005). The prosperity of SIM as a pest control method has resulted from its
species-specificity and can be used in integration with other control methods. In addition,
released gamma- sterilized males are mobile and would actively compete with normal males
(Hendrichs et al. 2007).

The random amplified polymorphic DNA (RAPD) assay based on PCR, developed by
Williams et al. (1990), amplifies random DNA fragments with short primers of an arbitrary
nucleotide sequence. This technique has been reported as an effective method for species
classification, genetic mapping, and phylogeny studies. Since the random amplified
polymorphic DNA has been used as a powerful tool for detecting DNA damage and
mutations (Savva 1998; Atienzar et al. 2001; Ercan 2015). Therefore, any change can be
related to the induced sterility and can be used as a bio-indicator for sterility in the mass
rearing of Ceratitis capitata for sterile male release and inherited sterility.

The intent of this study was to find a genetic marker made by comparing the alteration
in the DNA patterns of a normal and irradiated adult male with sterilising and substerilising
dose which would serve as sterility fingerprint and to study the inheritance of sterility to F1.
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MATERIALS AND METHODS

Rearing and Irradiation Technique:

The original colony of Ceratitis capitata was obtained from Plant Protection Research
Institute; Agricultural Research Center (ARC), Giza, Egypt. The insect was reared under
laboratory conditions of 25 £ 2°C and 60 = 5% relative humidity at Natural Products
Department, National Center for Radiation Research and Technology. Full-grown pupae (50
pupae) were irradiated with substerilising and sterilising doses of gamma radiation (50, 70
and 90Gy) (Tanaka et al. 1969) using Gamma Cell-40 (Cesium “Cs™®" irradiation unit)
located at National Center for Radiation Research and Technology (NCRRT), Atomic
Energy Authority, Egypt. The dose rate of the cell was 0.685 rad/sec.

The number of emerged flies was recorded and the percentage of adult emergence
was calculated. To estimate the changes in the biological aspects of the first generation, three
replicates for each dose were made, each replicate containing one pair of irradiated males and
normal females. Normal (unirradiated) males were used in the control group.

The % of hatchability was calculated by El-Shazly’s (1993) equation, and % of

sterility was determined according to Tappozada et al. (1966).
No.of hatched eggs

Hatchability % = TR ———— 100
Sterility % = 100 - (5) x 100)
Where: a: No. of eggs/female in treatment. b: % hatchability in treatment.
A: No. of eggs/female in control. B: % hatchability in control.

The stage duration (larvae and pupae) and the percent emergence of F1 adults were
also documented.
DNA Extraction and RAPD-PCR Assay:

Total body tissue samples were ground with liquid nitrogen using a mortar and pestle.
Extraction and purification of samples were carried out with the use of DNeasy mini spin
columns as described by the manufacturer (Qiagene, Hilden, Germany) stored at -80 °C.
RAPD-PCR reactions were performed according to the protocol of Williams et al. (1990).
Reactions were performed in a total volume 50 pl reaction buffer (100 mM KCL, Tris HCL
pH 8.3), 3 mM MgClz, 200 mM dNTPs (Promega Biotech. Inc.), 50 p/mole primers and 1 pl
Taq polymerase (obtained from Operon Technologies). This reaction was added to 0.1 pl
genomic DNA. Tubes containing mixes were placed in a thermocycler (Perkin Elmer 2400)
and the DNA was amplified using the following temperature profile (modified from Black et
al, 1992). Ten arbitrary primers were used, four of them only gave polymorphism with the
samples (Table 1). Amplification was carried out for 30 cycles. The temperature profiles
were 94 °C for 5 min, 94 °C for 40 sec, 72 °C for 2 min, 72 °C for 7 min 36 °C for 1 min,
and 4 °C for hold. After the reaction, the mixture was mixed with DNA loading buffer and
electrophoresed on 1% agarose gel. DNA ladder mix was used as standard DNA with
molecular sizes of 2500, 2000, 1500, 1000, 900, 800, 700, 600, 500, 400, 300, 200 and 100 bp.

Table 1. List of the primer names and their nucleotide sequences used in the study for RAPD
procedure.

Primer

Sequence
name
1 OP- A7 5" GAAAGGGGTG Y
2 OP-B2 5" TCG GGG ATAG Y
3 OP-B11 5" GTAGACCCGT 3
4 opr-C2 5"GGGGGT CITT 3
5 OP-C4 5"CCGCATCTAC3
6 OP-DI 5 ACCGCGAAGG3
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Data Analysis:

The data were statistically evaluated by analysis of variance (F) followed by Tukey
Pairwise Comparisons test to examine the significant differences between the treatments. The
statistical Minitab program was used for all analyses.

RESULTS

Biological Studies;

When full grown pupae irradiated with sub sterilising doses of 50 and 70 Gy and
sterilising dose of 90 Gy. The percent of adult emergence was 78.67, 46.67 and18 %
respectively compared to 99.33% in unirradiated control (Table 2). Also, Table 2 shows the
percent of F1 adult emergence which were 56.67 and 20 for 50 and 70 Gy respectively.
Statistical analysis showed significant differences in parents and in F1.

Table 2. Effect of gamma radiation on percent emergence of parents irradiated as full grown
pupae.

Doses (GY) Parent adult emergence (%) F1 adult emergence (%)
0 99.33 £ 0.67* 98.67 = 0.67*
50 78.67 =0.678 56.67 £2.4B
70 46.67 = 1.76¢ 20+2.3¢
90 18 +1.15P -

o Values represent the mean + S.E of 3 replicates (50 pupae).
o Different letter means statistically significant at P < 0.05 (Tukey Pairwise Comparisons test).

Table 3 shows a decrease in percent hatchability as the dose of gamma radiation
increased and it was 71.33 at the dose level of 50 Gy and reached 0 at 90 Gy compared to
99.33% in control. Significant differences were found between all doses.

Percent sterility increased as the dose increased being 0 in control and reached 100% at
the sterilising dose. Significant differences were found between all doses.

Larval duration increased as the dose increased to reach 35 days™ compared to 21 days
in the control, percent pupation decreased as the dose increased to reach 40% at 70 Gy
compared to 98.67% in the control, pupal duration also increased as the dose increased to
reach 21.67 days at 70 Gy compared to 9.33 days in the control. Significant differences were
found between all doses in larval duration, % pupation, and pupal duration.

Table 3. Effect of gamma radiation on percent hatchability, percent pupation and percent
emergence of Flproducing from parents irradiated as full-grown pupae.

, - Larval . Pupal
Iz(o;s;f‘)s Hat[‘(lol/:;nhty Sterility (%0) duration P“B;:)l on duration
’ (day) (day)
0 99.33 £ 0.66* 0+0P 21 +£1° 98.67+0.67* | 9.33+0.33¢
50 71.33 = 0.66° 48.4 & 0.66° 28+ 1.15% | 64.67+x2.98 14+ 1B
70 36+ 1.15¢ 86.86 = 1.158 35£04 40+ 1.15¢ | 21.67+1.76*
90 0+0P 100 = 0* - - -

o Values represent the mean + S.E of 3 replicates (50 eggs, 50 larvae and 50 pupae).
o Different letter means statistically significant at P < 0.05 (Tukey Pairwise Comparisons test).

Table 4 data screen the genomic DNA extracted from unirradiated males (control) and
males irradiated with 50, 70 and 90 Gy. Banding patterns for that used six random primers
were scored as present (1) or absent (0) according to their molecular sizes revealed that the
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percentage of polymorphism were 25%, 20%, 50%, 25%, 50% and 33.33% with OP-A7, OP-
B2, OP-B11, OP-C2, OP-C4, and OP-D1 primers, respectively. The number of produced
fragments was 37 distributed as 8, 5, 6, 4, 8 and 6 with OP-A7, OP-B2, OP-B11, OP-C2, OP-
C4, and OP-D1 primers, respectively. The molecular size of the fragments ranged from
22601 bp to 145 bp. The highest molecular size was detected in OP-C4 and the lowest
molecular size was detected by using primer OP-B2. In the present investigation irradiated
parent males with sterilising dose (90 Gy) and sub sterilising doses (50 and 70 Gy) were
compared to F1 males produced from those irradiated with 50 and 70 Gy and normal ones by
analysing the DNA structural changes which might be induced by irradiation and study the
inherited sterility to F1 generation.

Table 4. RAPD Finger print profiles were generated by using 10- per primers on genomic
DNA from the adults C. capitata six random primers OP- A7, OP-B2, OP-B11,
OP-C2, OP-C4 and OP-D1.

d no I‘ﬁ‘l'f Contral | P90 F170 | Fl P70 P50
DE-AT
1 1830 0 0 1 1 1 1
2 1370 + ¥ + + 3 +
3 830 0 0 1 1 0 0
4 640 + + + + 1 +
3 500 + 3 + + 3 +
6§ 413 + 3 + + 3 +
7 380 + + + + + -
5 300 + 3 + + 3 +
OP-B1
1 500 1 1 1 1 1 1
2 413 1 1 1 1 1 1
3 300 1 1 1 1 1 1
4 245 1 1 1 1 1 1
5 143 1 0 0 0 0 0
OP-B11
1 1360 0 0 1 1 0 0
2 220 0 0 1 1 1 0
3 630 1 1 1 1 1 1
4 540 1 1 1 1 1 1
3 413 0 0 1 1 1 1
6 383 1 1 1 1 1 1
OP-C2
1 1750 0 0 1 1 1 0
2 760 1 1 1 1 1 1
3 560 1 1 1 1 1 1
4 380 1 1 1 1 1 1
OP-C3
1 1260 0 0 0 1 0 0
2 1650 0 0 0 1 0 0
3 540 1 1 0 1 1 1
4 683 1 1 1 1 1 1
3 500 1 1 1 1 1 1
6 480 1 1 1 1 1 1
7 443 0 1 1 1 1 1
8 300 1 1 1 1 1 1
OF-D1 830 0 1 0 0 1 1
2 633 1 1 0 1 1 1
3 570 1 1 1 1 1 1
4 473 1 1 1 1 1 1
3 323 1 1 1 1 1 1
6 270 1 1 1 1 1 1

Table 5 and Fig 1 illustrate that RAPD markers using primer 1 (OP-A7) indicated
the presence of only six common bands in normal and irradiated Ceratitis capitata with
sterilising dose of 90 Gy and substerilising doses of 50 and 70 Gy. In F1 and parents
respectively, two new bands appeared in F1 irradiated with 50 and 70 Gy and one new band
appeared in parents irradiated with 50 and 70 Gy.in comparison to non-radiated control.
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RAPD analysis using primer 2 (OP-B2) indicated the presence of five bands in
control, four bands are common and the other unique band disappeared in irradiated samples
(parents and F1). RAPD analysis using primer 3 (OP-B11) indicated the presence of three
bands in control, the three bands are common and three new bands appeared in parents and
in F1, a band with M.W 415 bp appeared in all parents and F1 irradiated with 50 and 70 Gy
and band with M.W 1860 bp appeared only in F1 irradiated with 50 and 70 Gy. band with
M.W 920 bp appeared in F1 irradiated with 50 and 70 Gy and in parents irradiated with 50
Gy. RAPD analysis using primer 4 (OP-C2) indicated the presence of three bands in control,
the three bands are common and the new band appeared in F1 irradiated with 50 and 70 Gy
and also in parents irradiated with 50 Gy. RAPD analysis using primer 5 (OP-C4) indicated
the presence of five bands in control, four bands are common and the other band disappeared
only in F1 irradiated with 70 Gy. Two new bands with M.W (2260 and 1680 bp) appeared in
F1 irradiated with 50 Gy Also new band with M.W 445 bp appeared in all irradiated parents
and F1. RAPD analysis using primer 5 (OP-D1) indicated the presence of five bands in
control, four bands are common and the other band disappeared only in F1 irradiated with 70
Gy. The new band with M.W 850 bp appeared only in parents irradiated with 50, 70 and 90
Gy.

Table 5. DNA poly morphism using randomly amplifying DNA (RAPD) with six primers for
untreated control, parents treated with sterilizing dose, F1 treated with 50 and 70
Gy and parents treated with 50 and 70 Gy in C. capitate

The trestments | control | P90 |FI70  [FI30 [P0 R
DP-AT

contrel 1.0

P o 1.0 1.0

F1 70 0.86 0.86 0

F130 0.86 0.268 1.0 1.0

] 0.92 0.92 0.93 0.93 1.0

P30 0.92 0.52 0.93 0.93 1.0 14
QF-B2

control 1.0

P ol 0.8% 1.0

F1 70 0.82 1.0 1.0

F130 0.8% 1.0 0 0

B0 0.82 1.0 [ 0 [

P30 1.0
OE-EBl11

control 1.0

P g 1.0 1.0

F1 70 0.67 0.67 0

F1 30 0.67 0.67 1.0 1.0

B0 0.73 0.73 0.91 0.91 1.0

P30 0.B6 088 0.8 08 0.B9 10
QF-C2

control 1.0

P ol 1.0 1.0

F1 70 0.86 0.868 1.0

F1 30 086 0.86 1.0 1.0

P70 0.86 0.28 1.0 1.0 1.0

P 30 1.0 1.0 0.R6 0.B& 0.B& 1.0
Op-Cc4

control 1.0

BOD 0.91 1.0

F1 70 0.8 0.51 1.0

F1 30 0.77 0.B8 0.77 1.0

P70 0.91 1.0 0.51 0.86 1.0

P 30 0.91 1.0 0.91 0.B& 1.0 1.0
OP-D1

control 1.0

P oD 0.91 1.0

F1 70 0.8% 0.8 1.0

F130 1.0 0.51 0.25% 1.0

P70 0.91 1.0 0.8 0.91 1.0

P30 0.91 1.0 0.2 0.91 1.0 1.4
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OP-A7 OP-B2

OP-B11 OP-C2

3000bp

50000
10000

500%p

100bp

OP-C4 OP-D1

Fig. 1. RAPD-PCR pattern resulting from amplification of genomic DNA C. capitata male
in normal, parents irradiated with sterilising dose of 90 Gy and substerilising doses
of 50 and 70 Gy and F1.

M: marker 1: Control 2: P90 Gy 3: F1 70 Gy
4:F1 50 Gy 5: P70 Gy 6: P 50 Gy

Table 6 illustrates that the highest similarity values for the primer OP-A7 were found
between (P 90 and the control), also between (F1 70 and F1 50) and (P 50 and P 70).

Using the Primer OP-B2 showed that the highest similarity values were found
between( P 50 and control), (F1 70 and P 90), (F1 70 with F1 50), (P 70 with P 90 ) and (F1
50 with P 90), ( P 70 with both F1 50 and F1 70)

Using the Primer OP-B11 showed that the highest similarity values were found
between (control with P 90), (F1 70 with F1 50)

Using the Primer OP-C2 showed that the highest similarity values were found between
(control with P 90), (P 70 with both F1 50 and F1 70), and finally between (P 50 with control
and P 90)
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Using the Primer OP-C4 showed that the highest similarity values were found between
(P 90 with both P 50 and P 70) and finally between (P 70 with P 50).

Using the Primer OP-D1 showed that the highest similarity values were found between
(F1 50 with control) and between (P 70 with P 90) and finally between (P 50 with both P 70
and P 90).

Table 6. Similarity index with six primers for untreated control, parents treated with sterilizing dose,
F1 treated with 50 and 70 Gy and parents treated with 50 and 70 Gy in C. capitata

Primer | Total | Monomorphic | Polymorphic | Unique Polymorphic
name | .band band band band %

A7 8 6 2 - 25%

B2 5 4 1 1 20%
Bl11 6 3 3 - 50%

C2 4 3 1 - 25%

C4 8 4 4 2 50%

DI 6 4 2 - 33.33%
Total 37 23 14 5 37.83%

On the other hand, the lowest similarity value in OP-A7 was 0.86 and found between
both (the control and P 90 with F170 and F1 50) in primer OP-B11. Also, the lowest value in
primer OP-B11 was 0.67 which found between both (the control and P 90 with F170 and F1
50). In primer OP-C2, the lowest similarity value was 0.86 between both (the control and P
90 with F1 70, F1 50 and P 70) and also between (P 50 with both F1 70, F1 50 and P70). In
primer OP-C4, the lowest value was 0.77 found between (F1 50 and both control and F1 70).
Using the Primer OP-D1 showed that the lowest similarity value was 0.8 and found between
(P 90 and F1 70) and between (F1 70 and both P 70 and P 50).

DISCUSSION

Our results show that the exposure of the pupae to gamma radiation caused a
reduction in egg hatchability and an increase in % sterility as the dose increase. These results
agree with Ibrahim & EL-Naggar (2001) on Spodoptera littoralis who stated that the fertility
of treated males declined almost linearly to reach 0% at approximately 400 Gy. irradiation
had a positive effect on sterility whereas irradiation dose increased, the sterility increased.
The obtained results, showed a decrease in percent emergence of the adult Ceratitis capitata,
and percent emergence as the dose of gamma radiation increased, Katiyar & Valerio (1964)
found a margin between doses required to induce sterility and those that cause severe
deleterious effects in Ceratitis capitata. Doses ranged from 80-100 Gy induced high levels of
sterility while adult emergence from irradiated mature pupae was not significantly affected
up to a dose of (200 Gy). When a 4-days-old laboratory and wild strain of pupae were
exposed to 60 and 100 Gy of gamma radiation, adult emergence decreased as compared with
the control (Akman & Zumreoglu, 1978). Hamza (2007) showed that Eumerus amoneus adult
emergence was reduced as a result of gamma irradiation to their pupae.

The radiation dose used to induce sterility is of prime importance in programs
involving the release of sterile insects. Insects that receive too low a dose are not sufficiently
sterile, while those receiving too high a dose may be uncompetitive, which may then require
the release of a greater number of sterile insects (Robinson et al. 2002).

The double-strand breaks in DNA double helix are believed to be the most important
type of lesion produced in chromosome by ionising radiation, cracking the chromatin into
different pieces that may result in cell killing or mutation. Examples of lethal aberrations to
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the cell are the dicentric and ring (which are chromosome aberrations) and the anaphase
bridge (a chromatid aberration). Two relevant aberrations that are usually not lethal to the
cell are symmetrical translocation and small deletions. These changes and mutations left in
the genetic code will influence base pairing, coding, transcription, and gene expression
(O’Brien & Wolfe 1964; Hall & Giaccia 2006). The study of the RAPD-PCR profiles of
normal and irradiated males as pupae Ceratitis capitata and their F1 showed variation
between them. The appearance of some extra bands and the disappearance of others, as a
result of irradiation, were recorded throughout this study causing variations in the PCR
patterns among different samples. These induced variations differ according to the dose of
irradiation given and differ from non-irradiated males and males irradiated as pupae. These
results agree with those of Lea (1956) who stated that ionising radiations deposits energy in
an absorber at discrete loci randomly distributed within the radiation field and that ionization
which occurs in the cellular structure depends on the dose of radiation and on target size. In
this study, the RAPD— PCR profile of some irradiated samples, revealed the appearance of
some extra fragments and the disappearance of one or more fragments. Similar findings were
recorded by Alexandrov et al. (1998) who stated that 62.5% of the gamma rays induced
mutants revealed a 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 studies or the gross lesion probably situated. Similar results on
Callosobruchus maculatus were also obtained by Zaghloul et al. (2006). Alterations in DNA
patterns of the sterile males provide an explanation for the induced sterility and augment the
importance of the DNA in the transfer of genetic materials from cell to cell. However, the
similarity in DNA patterns of a normal and irradiated adult was interpreted by supposing that
radiation-induced damages in regions of the genome other than at the loci under study.
Changes between parents and F1 in the number of bands was also studied by El-Sayed (2013)
on her study on S. littoralis males (emerged from irradiated pupae) at various generations
(parents, F1 and F2) showed variation between them. The appearance of extra bands and
disappearance of others, as a result of irradiation, were recorded throughout the 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 the parent, F1 and F2 Rizk et al. (2017) stated that the effects of y rays on the
DNA patterns of adult male parents and F1 males Galleria melonella showed alterations
among the controls, the treated parents and F1 individuals. Exposure to radiation caused very
frequently the appearance of some extra bands and the deficiency of others in the arbitrary
random amplified polymorphic DNA-polymerase chain reaction amplification patterns of the
irradiated insects also Zahran et al. (2017) Full-grown male pupae of the peach or guava fruit
fly, Bactrocera zonata were irradiated with sterilizing and substerilising doses of gamma
radiation. The effect of gamma rays on the DNA patterns of adult males showed alterations
from the control. Exposure to radiation caused very frequently the appearance of some extra
bands and the deficiency of others in the RAPD-PCR amplification patterns of the irradiated
insects
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