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ARTICLE INFO ABSTRACT
Avrticle History The present work was initiated to study genetic differences by
Received:29/3/2025 fingerprint technics and determine biological traits for the three Trichogramma
Accepted:2/5/2025 populations inhabiting different Egyptian agroecosystems, including Abo
Available:7/5/2025 Qurgas, Minia Governorate (Trichogramma M), Kharga, New Valley
Government (Trichogramma NV), and Armant, Luxor Governorate
Keywords: (Trichogramma Lux). Molecular techniques, RAPD, and ISSR markers were
ISSR, RAPD, used to distinguish the three Trichogramma populations. Results indicated that
Trichogrammatidea the three Trichogramma populations were separated into two clusters with
parasitism individual RAPD and ISSR markers. Cluster | included TM and TLux groups,
’ while Cluster Il included only the TNV group. Biological studies included the
per_centage, Sex effect of five host Sitotroga cerealella (SC) densities on three egg parasitoids,
ratio. TM, TNV, and TLux populations. Biological criteria include percentages of
parasitism, successive parasitized eggs, adult emerged from parasitized eggs,
and female emerged parasitoids. Results indicated that the maximum female
emerged parasitoids% was 56.12 +15.27 in the TM group (F value= 4.49*%*),
However, the minimum female emerged parasitoids% was 28.02 £3.98 in the

TLux group.

So, the present study highlights the need to integrate morphogenetic
and biological descriptions for rapid and accurate identification of
Trichogramma species within diverse Egyptian agroecosystems, thereby

promoting effective and sustainable pest control.

INTRODUCTION

Biological control, utilizing natural enemies like parasitoids, is an essential part of
integrated pest management (IPM) techniques. The genus Trichogramma (Hymenoptera:
Trichogrammatidae) is recognized as highly effective and extensively utilized egg
parasitoids, playing a significant role in controlling a wide array of agricultural pests,
particularly those belonging to order Lepidoptera (Smith, 1996). Their effectiveness in
managing economically impactful pests has driven their extensive implementation in global
agroecosystems, where their success depends on genetic diversity, host preference, and
specific environmental conditions' adaptability (Pinto and Stouthamer, 1994a). Knowledge
of the genetic structure and biological characteristics of Trichogramma populations across
various agroecosystems is fundamental for enhancing their efficacy and ensuring optimal
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application. Identifying the appropriate Trichogramma species for field release is a critical
step in biological control programs utilizing these parasitoids (Sayed et al., 2011). A
significant advancement in Trichogramma systematics was the recognition of male genitalia
as a key identifier, now the standard method. Supporting features include body color, wing
venation, and antennae. However, due to the difficulty in accurately identifying females,
male specimens are essential for reliable species determination (Pinto and Stouthamer,
1994b; Knutson, 1998). Traditional Trichogramma taxonomy, relying heavily on male
genitalia morphology, is a laborious and specialized process (Pinto, 1999; Samara et al.,
2008), compounded by the minute size of these egg parasitoids wasps (<1mm in
length).With the capacity to parasitize eggs from diverse insect orders, particularly
Lepidoptera, Trichogramma species are extensively mass-reared and deployed in
contemporary biological control initiatives (Smith, 1996; Samara et al., 2008). However,
accurate identification of Trichogramma species is essential for the effectiveness of
biological control programs (Stouthamer et al., 1999; Samara et al., 2008). Matching
Trichogramma species or strains to the appropriate pest is crucial and extensively discussed
(Stouthamer et al., 1999). Multiple studies have demonstrated cases of biological control
projects that were early failed due to misidentification of natural enemies (Hassan, 1994).
To effectively select Trichogramma strains for mass production and field release, it is vital
to discern differences between populations from varying geographical origins, thereby
enhancing our understanding of their characteristics. The use of DNA fingerprinting for
genetic variation analysis has emerged as a vital method in both taxonomic classification
and the investigation of genetic and evolutionary processes in insect species (Loxdale and
Lushai, 1998). Among the most employed DNA markers are random amplified polymorphic
DNA (RAPD) analysis and inter-simple sequence repeat (ISSR). Global augmentation
programs targeting Lepidopteran pests often employ inundative releases of various
Trichogramma egg parasitoids species (Hymenoptera: Trichogrammatidae), effectively
preventing larval damage by targeting the pest's egg stage (Puneeth and Vijayan,
2014).Trichogramma species are readily reared in laboratory settings using hosts like
Angoumois grain moth Sitotroga cerealella (Olivier, 1789) (Lepidoptera: Gelechiidae),
Mediterranean flour moth Ephestia kuehniella (Zeller, 1879) (Lepidoptera: Pyralidae) and
Rice moth Corcyra cephalonica (Stainton, 1866) (Lepidoptera: Pyralidae). Understanding
biological traits, such as parasitization rate and longevity, is crucial for successful biological
control outcomes (Oliveira et al., 2003; Puneeth and Vijayan, 2014). Accurate knowledge
of Trichogramma biology is necessary for their optimal application in crop protection
strategies (Pizzol et al., 2012). Therefore, comparative studies focusing on the genetic and
biological attributes of Trichogramma populations from diverse agroecosystems are vital for
identifying the most effective strains for targeted pest management strategies. So, the present
work has been conducted to study genetic differences by fingerprint techniques (RAPD and
ISSR) and determine biological traits for the three Trichogramma populations inhabiting
different Egyptian agroecosystems at Minia, New Valley, and Luxor Governorates.

MATERIALS AND METHODS

1-Trichogramma Collection and Rearing:
Egg parasitoids Trichogramma supplied from three laboratories established in
different geographical regions (Governorates) of Egypt include:
a) Trichogramma Minia collection (TM) from Abu Qurgas, Minia Governorate.
b) Trichogramma New Valley (TNV) from Kharga, New Valley Governorate.
c) Trichogramma Luxor collection (TLux) from Armant, Luxor Governorate.
Two generations of egg parasitoids were reared on Sitotroga cerealella (Olivier,
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1789) eggs at the Assiut University Biological Control Unit (AUBCU) (23+£2°C, 75+5% RH,
16:8 L:D), Assiut, Northern Upper Egypt (375 Km South of Cairo).

2. Molecular Genetic Identification:

2.1. Isolation of Genomic Deoxyribonucleic Acid (DNA) for three Trichogramma
Populations:

Genomic DNA was extracted according to Stouthamer et al. (1999) in Central
Laboratories, Faculty of Agriculture, Assiut University, Assiut, Egypt.

2.2. Distinguishing Genetic Differences Through Random Amplification of
Polymorphic DNA (RAPD) and Inter-Simple Sequence Repeat (ISSR)
Fingerprinting:

2.2.1. PCR-Based Amplification of RAPD and ISSR, and Gel Electrophoresis:

The genetic variation and phylogenetic relationships of three Trichogramma
populations were examined using RAPD-PCR with OPA-2 and OPA-3 primers, as
described by Martorell et al. (2005). Also, four ISSR- PCR primers (HB, HB11, 17898
A, and 17898 B) were used, as shown in Table 1.

PCR reactions (25 pl) included GoTaq green master mix (Promega), 1 ul DNA,
and 2 ul primer. RAPD-PCR: initial denaturation at 94°C (5 min), 45 cycles of 92°C (1
min), annealing at 36°C (1 min), extension at 72°C (2 min), and final extension at 72°C
(20 min), 4°C hold. ISSR-PCR: 94°C (5 min), 45 cycles of 92°C (1 min), 38-44°C (1
min), 72°C (2 min), and 72°C (10 min), 4°C hold, respectively.

After separating 5 pl of amplified products on a 1.5% agarose gel in 0.5xXTBE buffer, the
gel was stained with 0.01% ethidium bromide and visualized under UV light. Fragment
sizes were then determined by comparison to a 100-bp molecular marker.

2.2.2. RAPD and ISSR Analysis:

Using the respective primers, RAPD-PCR and ISSR-PCR generated fragments
that were individually analyzed for band type determination. The size of each band was
determined using Kodak Digital Science 1D (KSD1D 2.0, Rochester, USA) software,
and the presences (1) or absences (0) of a band were recorded to generate a binary table.
The data tables were exported into the NTSYS-pc software (Rohlf, 2000) for analysis.
The normalized RAPD and ISSR patterns were further analyzed using Gel.

RAPD and ISSR similarity levels were determined using Pearson’s correlation
coefficient and clustered via UPGMA, generating dendrograms that illustrate pattern
profile relationships as percentage similarity. The discriminatory power of these typing
methods was quantified using Hunter and Gaston's (1988) numerical discriminatory
index (D), all processed with Compare Il version 2.5 (Applied Maths, St. Martens-Latem,
Belgium).

Table 1: PCR primers (sequence and annealing temperature) of RABD and ISSR Markers
used in the present study.

Target Markers Primers' PCR primers sequence 10- Annealing
gene Operon/Design | mer in length - 5° to 3’ temperature (°C)

RAPD OPA-02 TGCCGCGCTG 36
OPA-03 AGTCAGCCAC 36
Genom HB CAC ACACACACAAC 38
ic DNA ISSR HB11 GTGTGTGTGTGTCC 41
17898A CACACACACACAAC 44
17898B CACACACACACAGT 44




16
Sara E. Mousa et al.

3. Biological Studies of Three Trichogramma Collections:
3.1. Trichogramma Collection Colony: As mentioned above, the three collected strains of
Trichogramma were reared individually under laboratory conditions. The emerged adults of
Trichogramma were kept 24 hr for mating. Mated females transferred for biological studies
in Eppendorf Safe-Lock Tubes, 2.0 mL, Eppendorf Quality™, colorless, under laboratory
conditions (23+2°c, 75+5% RH, L 16: D 8).

3.2. Sitotroga cerealella Colony: Mass production stages of the laboratory host (SC) were
conducted as described by the Project Food Aid in Aswan (Mousa, 2018) with some
modifications adapted in Biological Control Lab., Plant Protection Department, Assiut
University, Assiut, northern Upper Egypt.

3.3. Experimental Design: Mated females were singly transferred to Eppendorf Safe-Lock
Tubes, 2.0 mL, and supplied with the number of SC fresh eggs (5- 10- 20- 40 and 80 egg/
Trichogramma female) with (N= 10) for each tested Trichogramma collection. The old SC
fresh eggs were <48 hr. Experiments were conducted under laboratory conditions and
incubated for 24 hr (23+£2°C and 70+£5 RH %). Then, SC eggs were incubated under the same
conditions. After three days, SC eggs were examined for initial parasitism (black eggs) (Fig.
1). Then, daily examination was conducted tell adult parasitoid emergence.

Fig. 1: Light micrograph of SC eggs parasitized and unparasitized (x= 16):
A-black egg =parasitism eggs, b- transparent eggs host larvae emerge from eggs, c- red eggs,
and d- brown eggs = dead eggs.

4-Data Analysis:

Measurements of morphological and biological data were statistically analysed to
calculate ANOVA, Correlation Coefficient, and Regression by using the SAS 9.1 software
program (SAS, 2008).

RESULTS

1-Molecular genetic identification of Trichogramma
1.1. Genetic Differentiation Fingerprinting Technique:

Molecular differentiation of Trichogramma populations TNV, TM, and TLux was
assessed using RAPD and ISSR-PCR fingerprinting.
RAPD Marker: Two ten-mer primers (OPA-2 and OPA-3) were used in RAPD-PCR to
fingerprint selected strains. The resulting patterns showed 8-9 amplified fragments (90-1100
bp) per primer (Table 2, Fig. 2 a and b). Overall, 17 bands were detected, of which 82.35%
were polymorphic and 17.65% monomorphic (Table 2).
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Table 2: RAPD analysis used to assess the number of bands, monomorphism, and
polymorphism (count and percentage) for the three Trichogramma populations

Primer Number of mlgggnn?g::porfic plglll;/rrrrlltc))?’gﬁ{c Monomorphism| Polymorphism
_ * 0, _ * o)
bands (a) bands(b) bands(c) b/a* 100% c/a* 100%
OPA-2 8 0 8 0 100
OPA-3 9 3 6 33.33 66.67
Total 17 3 14 17.65 82.35

Fragment characterization from the two primers is visualized in Figure 2 (a, b), and
primer and band details are summarized below:
OPA-2: The results of RAPD — analysis obtained by primer OPA-2 are illustrated in (Fig. 2
a). This primer reacted with all populations (TNV, TM, and TLux) and generated 8
fragments ranging in size between 90 to 900 bp. From the results, we can notice that the
height reaction of this primer was TLux population, but the lowest reaction was with the TM
population. The bands with sizes 900 and 500 bp were reacted only for the TNV population
and the bands with sizes 220, 300, 400, and 600 bp were reacted only for the TLux
population. Also, the band with size 800 bp was reacted only for the TM population by the
primer (OPA-2). Results in Table 2, show that the polymorphic percentage was 100 %.
OPA-3: The results of RAPD-PCR analysis obtained by primer OPA-3 are illustrated in
(Fig. 2 b). This primer reacted with all three Trichogramma populations generating 9
fragments ranging in size between 150 and 1100 bp. From the results, we can notice that the
highest band (1100 bp) was reacted for the TNV population, and the lowest one (150 bp)
was generated for the TLux population by this primer (OPA-3). On the other hand, the bands
of sizes were 900 bp 400 bp, and 300 bp were found in all species. The highest reaction was
found in the TNV population and the lowest one was found in the TM population. Results
in Table 2, show that, the monomorphism and polymorphism percentages were 33.33% and
66.67% respectively.

a
3000

1500
1000

500

100

100

Fig.2: Agarose gel electrophoresis of RAPD products by:
a-OPA-2 primer and b- OPA-3 primer (lane M, 100- 3000bp DNA markers; lane 1, TM;
lane 2, TNV and lane 3, TLux populations).

1.1.1. ISSR Marker:

ISSR-PCR amplification using four primers (Table 3) generated 35 bands and
products 100-990 bp (Fig. 3 a-d). The number of amplified products per primer ranged from
5 (HB) to 15 (17898A), with 28 polymorphic (80%) and 7 monomorphic (20%) products
detected.
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polymorphism (count and percentage) for the three Trichogramma populations.

Number of | Number of . .
Primer Number of monomorphic| polymorphic Mononlorpholsm Polym*orph(l)sm
bands (a) bands(b) bands(c) b/a* 100% -c/la* 100%

HB 5 0 5 0 100
HB11 6 6 0 100 0
17898A 15 0 15 0 100
17898B 9 1 8 11.11 88.89
Total 35 7 28 20 80

Fragment characterization from the four primers is shown in Fig. 3 (a-d), with primer
and band details summarized below.
HB: The results of ISSR analysis with primer HB (Fig. 3a) revealed 5 amplified fragments
(100-400 bp) in all Trichogramma populations. However, 280, 300, and 400 bp fragments
were unique to the TNV population. This primer exhibited 100% polymorphism (Table 3).
HB11: ISSR analysis using primer HB11 (Fig. 3b) yielded 6 fragments (150-390 bp) in all
Trichogramma populations. All fragments were monomorphic, resulting in 100%
monomorphism, as indicated in Table 3.
17898A: ISSR analysis with primer 17898A (Fig. 3c) yielded 15 fragments ranging in size
between (310-990 bp) in all Trichogramma populations. Specific bands were observed with
sizes: 450, 510, 800, 900, and 990 bp were restricted only to the (TNV) population; 310,
370, 490, 500, and 570 bp to the (TLux) population; and 350, 400 bp to the (TM) population.
Table 3, indicates 100% polymorphism for this primer.
17898B: The results of ISSR — analysis obtained by primer 17898B are illustrated in (Fig. 3
d). This primer reacted with all Trichogramma populations generating 9 fragments ranging
in size between 360 and 700 bp. Also, bands with sizes 480, 490, and 600 bp were restricted
only to the TNV population by the primer (17898B). The band with 670 bp size was
monomorphic. Results in Table 3 show that the polymorphic % and monomorphic% were
88.89% and 11.11%).
1.2. Genetic Similarity Matrix and Cluster Analysis:

RAPD and ISSR marker presence/absence data were analysed using NTSYS-pc
ver. 2.20c to calculate pairwise genetic similarities among the three Trichogramma
populations.

1.2.1. RAPD Marker:

Genetic similarity data illustrated in Table 4, indicates that TNV and TLux are the
most distinct Trichogramma populations (40% similarity). Conversely, TM exhibited the
highest similarity to both TNV and TLux (42.9%).

The three Trichogramma populations were separated into two clusters; cluster I included
TM and TLux populations, while cluster Il included only the TNV population, as shown in
(Fig. 4 a).

1.2.2. ISSR Marker:

The results of cluster analysis based on ISSR analysis are shown in Table 5. The
highest similarity value recorded was 62.9% which was observed between TM and TLux
populations, while the lowest similarity value (35%) was recorded between TNV and TLux
populations. A dendrogram for the genetic relationships via ISSR analysis among the three
Trichogramma populations results were carried out and are shown in (Fig. 4 b). The three
Trichogramma populations were separated into two clusters; cluster | included TM and
TLux populations, while cluster Il included only the TNV population.
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Fig. 3: Agarose gel electrophoresis of ISSR products by:
a-HB, b- HB-11, c- 17898A and d- 17898B primers (lane M, 100- 3000 bp DNA markers;
lane 1, TM; lane 2, TNV and lane 3, TLux populations).

1.2.3. Combined RABD and ISSR Markers:

In Table 6, data showed that the lowest genetic similarity was observed between
TNV and TLux populations (40.6%), while the highest value was observed when TM
population was compared with that of TLux population (51.9%.). Also, the three
Trichogramma populations were separated into two clusters (as mentioned above with
individual RAPD and ISSR markers); cluster I included TM and TLux populations, while
cluster Il included only TNV population, as shown in (Fig. 4 c).

Table 4: Genetic similarity values calculated from the DNA fragments amplified from the
three Trichogramma populations using two RAPD primers.

Populations ™ TNV TLux
™ 1.000
TNV 0.429 1.000
TLUX 0.429 0.400 1.000

Table 5: Genetic similarity values calculated from the DNA fragments amplified from the
three Trichogramma populations using four ISSR primers.

Populations ™ TNV TLux
™ 1.000
TNV 0.564 1.000
TLUX 0.629 0.350 1.000
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Table 6: Genetic similarity values calculated from the DNA fragments amplified from the
three Trichogramma populations using two RAPD primers and four ISSR primers.

Populations ™ TNV TLux
™ 1.000
TNV 0.491 1.000
TLUX 0.519 0.406 1.000
™ (b) —1M
(2)
Thox ——————TLux
INV NV
™
(c)
TLux

™V

Fig. 4: Dendrogram demonstrating the relationship among the three Trichogramma
populations, TM, TNV, and TLux, based on data recorded from polymorphism of: a- RAPD
marker, b- ISSR marker, and c- combined RABD and ISSR markers.

2-Biological Studies of Trichogramma:

The present work aimed to study the effect of five host S. cerealella (SC) densities
on three collected egg parasitoids, TNV, TM, and TLux populations. Biological criteria
include percentages of parasitism, successive parasitized eggs, adult emerged from
parasitized eggs, and female emerged parasitoids.

2.1. Percentages of Parasitism:

Data in (Table 7 and Fig. 5) show that, the host density affected on parasitism %
of the three Trichogramma populations. Concerning Trichogramma from New Valley
(TNV) the host density affected on the parasitism % with a highly significant (F value
=7.070**). The maximum parasitism % reached (74.29+ 8.28) with 5 host-density eggs and
it reached the minimum percentage (23.39+ 2.81) with 80 host-density eggs. An increase of
the host density decreased the percentage of parasitism, and the correlation coefficient value
(1) reached -0.527** and R? = 0.460 (Fig. 5a). The same trend of results was in
Trichogramma from Minia (TM) (F value = 10.240**). The maximum parasitism % reached
(71.429+6.36) with 20 host-density eggs and it reached the minimum percentage
(29.108+£3.47) with 80 host-density eggs. The increase of the host density decreased the
percentage of parasitism, and the correlation coefficient value (r) reached -0.611** and R*=
0.544 (Fig. 5b). Also, the Trichogramma from Luxor (TLux) F-value was 25.420**. The
maximum parasitism % reached (92.00 * 3.27) with 5 host-density eggs and it reached the
minimum percentage (29.38 £ 4.98) with 80 host-density eggs. The increase of the host-
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density decreases the percentage of parasitism and correlation coefficient value (r) reached
-0.772** and R? = 0.768 (Fig. 5¢).

3.2. Other Biological Parameters for The Three Parasitoids Populations TNV, TM,
and TLux in Different Host (SC) Eggs Density:

Data in Table 8 and Fig. 6 show that the effect of host egg density on a percentage
of successive parasitized eggs, adults emerged from parasitized eggs, and female emerged
parasitoids, for the three parasitoids populations TNV, TM, and TLux. Concerning the
successive parasitized eggs% of the TLux population was affected with a highly significant
F value (3.97**), with a maximum average of 93.54 £6.76 %, (Fig. 6a). Percentage of adults
emerged from parasitized eggs was affected significantly in TM population (F value=2.67%),
with a maximum mean 106.30 £6.61 %, (Fig. 6b). The maximum female emerged
parasitoids% was 56.12 £15.27 in TM group (F value= 4.49**) (Fig. 6¢). However, the
minimum female emerged parasitoids% was 28.02 £3.98 and 36.39 £15.51in TLux and TNV
groups, consequently.

Table 7: Parasitism percentages of parasitoids TNV, TM, and TLux populations in different
host SC eggs density

Host Parasitism % + SD
density TNV ™™ TLux
5 74.29+ 26.19a# 65.71 + 24.43a 92.00 + 10.33a
10 51.43+ 24.23b 65.71+21.53a 79.00 £+ 15.24ab
20 42.86+ 24.02ab 71.43+20.10a 68.50 +21.86b
40 55.71+ 12.62bc 29.64+15.65b 44,50 +21.14c
80 23.39+ 8.87¢c 29.11+10.97b 29.38 + 15.74d
Mean 49.54+ 5.,88B 52.32+ 6.67B 62.68+ 8.06A
F-value 7.070** 10.240** 25.420**
r -0.527** -0.611** -0.772**
R? 0.460 0.544 0.768

#Average having the same letter in each row is not significant at a 5% level of probability, according to Duncan’s multiple

range test.

50 2429

s 8 2

Parasitism% of TNV

s

0 10

Fig. 5: The relationship between the host density of SC eggs and parasitism % of three

51.43

55.71
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Table 8: Biological parameters for the three parasitoids populations TNV, TM, and TLux
in different host SC eggs density.

Parameters%
Populations Host c_Jensity Successive Adults eme_r_ged Female
(n=10) o from parasitized emerged
parasitized eggs 2%
eggs parasitoids
5 72.86 95.24 32.86
10 91.02 113.29 17.14
20 81.2 100.00 30.99
TNV 40 81.67 103.04 41.72
80 76.83 109.76 59.23
Mean +SD 80.72 +6.78b# 104.27 £7.30a 36.39 £15.51b
F value 1.69 ns 1.70 ns 3.01*
5 85.00 104.76 59.05
10 96.98 118.02 54.34
20 95.91 102.81 79.08
™ 40 90.40 103.57 51.29
80 90.78 102.34 36.87
Mean +SD 91.82 +4.82a 106.30 +6.61a 56.12 £15.27a
F value 1.40 ns 2.67* 449  **
5 93.50 107.50 24.49
10 81.88 102.00 34.44
20 96.70 105.10 29.18
TLux 40 98.06 104.45 26.15
80 97.55 101.25 25.80
Mean +SD 93.54 +6.76a 104.06 £2.51a 28.02 £3.98b
F value 3.97** 1.04 ns 0.68 ns

#Average having the same letter in each column is not significant at a 5% level of probability, according to
Duncan’s multiple range test.

(a) Successive parasitized eggs (%) for the (b) Adult emerged from parasitized eggs (%)
. . i for the three Trichogramma populations
= three Trichogramma populations =
g 100 £< 108
= 80,72 93.54 &S
g7 I <z 104.27 104.06
559 gn 0106 I
sy T =3 =
Z a0 S 3 14 I
8 &n % i .g or s
= = =
Z 70 A\ < 102 =
BTNV BTLux TNV BTM BTLux

Female emerged parasitoids (%) for the
three Trichogramma populations
36.39 56.12 28.02

~_
(g]
S’

[=2)
=]

(=]
(=]

Female emerged
parasitoids (%) + sd
=
=)

0

BTNV OTM BTLux
Fig. 6: The relationship between the host density of SC eggs and other biological parameters
for three Trichogramma populations: a- successive parasitized eggs (%), b- adult
emerged from parasitized eggs (%) and c- female emerged parasitoids (%).
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DISCUSSION

Molecular markers are essential for natural enemies to determine phylogenetic
relationships, identify biotypes, and assess heritable variation for population genetics and
ecological studies. RAPD and ISSR markers were used to distinguish three Trichogramma
species from different Egyptian geographical zones. The efficacy of RAPD in discriminating
between three Trichogramma species was investigated. ISSR markers, developed according
to the methodology of Zietkiewicz et al. (1994), are employed to amplify DNA regions
located between microsatellite sequences via PCR. Both RAPD and ISSR proved to be
reliable species-diagnostic markers. ISSR, due to its high polymorphism, reproducibility,
and low cost, is particularly useful for differentiating closely related individuals (Borba et
al., 2005). As shown in the dendrogram (Fig. 4), generated from RAPD, ISSR, and combined
RAPD/ISSR data, the three Trichogramma populations were clearly separated into distinct
clusters. Results demonstrated an absence of correlation between the RAPD and ISSR
profiles and the geographical origin of the Trichogramma strains under investigation. The
results also showed that TM and TLux, both employed in sugarcane borer control, grouped
into a single cluster, suggesting a relationship between the collected populations and the
sugarcane agroecosystem.

Concerning, intensive and extensive search in different publications concerning
the biological aspects of Trichogramma includes parasitism percentage, mortality of host
eggs, parasitoids emergence, and development time (Broucheir and Smith, 1996; Gingras et
al., 2002; Oliveira et al., 2003; Grieshop et al., 2007; Puneeth and Vijayan, 2014). The
above-mentioned results indicated that the increase of egg host density from 5 to 80 eggs
decreased significantly the parasitism% by TNV and TLux populations except by TM group,
the parasitism% increased insignificantly from 5 to 20 eggs host density. These findings
agree with Abdel-Galil (1978), who used egg parasitoid Trichogramma evanescens with a
rate of 1:5 of host eggs Heliothis armigera. Also, one of the most important characteristics
of effective parasitoids is the ability to find the lowest host density as reported by several
authors (Hassan, 1994; Smith, 1996). So, such research, which indicated that lower densities
one of the uses of Trichogramma spp., can be effective in the field, and could reduce cost
(Parra and Zucchi, 2004; Van Driesche et al., 2009).

The maximum parasitism% was 62.68+ 8.06 by TLux followed by 52.32+ 6.67
for TM. In this approach, the minimum parasitism% was 49.54+ 5.88 by TNV. So, it’s of
interest to point herein that both TLux and TM Trichogramma are used in sugarcane fields
against sugarcane borers, and TNV Trichogramma is used against date palm lepidopterous
pests in which no pesticides are used. These findings agree with El-Heneidy and Shoeb
(2007).

The present study examined the biological aspects of three Trichogramma
populations (TNV, TM, and TLux), including successive parasitized eggs, adult emergence,
and female parasitoids emergence. Female emergence is considered a key quality parameter,
as supported by Singh et al. (2001), Ballal et al. (2005), and the International Organization
for Biological Control (I0OBC). However, Van Lenteren et al. (2003) and Ballal et al. (2005)
established a 1:1 (female: male) sex ratio as a quality criterion for Trichogramma brassicae.
According to Hassan and Zhang (2001), T. brassicae from German commercial suppliers
had a higher female percentage than the IOBC standard. This observation aligns with the
TM population, which showed a female-to-male sex ratio of 56.12 + 15.27. Among parasitic
Hymenoptera development by parthenogenesis can be subdivided into three categories
include: Thelytoky (females only), deuterotoky (males and females), and Arrhenotoky
(males only). Venkatesan et al.,, (2015) identified two different parthenogenesis
Trichogramma including T. evanescens (Arrhenotokous), and T. evanescens (Thelytokous).
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So, the TM population considered deuterotoky.
CONCLUSION

Molecular techniques RAPD and ISSR markers can used to distinguish the three
Trichogramma populations. The three Trichogramma populations were separated into two
clusters with individual RAPD and ISSR markers. Cluster | included TM and TLux
populations, while cluster 11 included only TNV population. The biological criteria studied
by using five host S. cerealella (SC) densities indicated that the increase of egg host density
from 5 to 80 eggs decreased significantly the parasitism % by TNV and TLux populations
except for the TM population the parasitism% increased insignificantly from 5 to 20 eggs
host density. Also, female emerged parasitoids parameter is considered as one of the most
important quality parameters.

List of Abbreviation

Abbreviation Full name

AUBCU Assiut University Biological Control Unit

DNA Deoxyribonucleic Acid

IPM Integrated Pest Management

IOBC In_terna_tional Organization for
Biological Control

ISSR Inter-Simple Sequence Repeat

PCR Polymerase Chain Reaction

RAPD Random Amplified Polymorphic DNA

SC Sitotroga cerealella

TLux Trichogramma Luxor

™ Trichogramma Minia

TNV Trichogramma New Valley

UPGMA Un_weighf[ed Pair Group Method with
Arithmetic

Declarations:

Ethical Approval: This study has been granted by the Research Ethics Committee of
Faculty of Agriculture at Assiut University in accordance with Egyptian laws and university
guidelines for the care of animals (approval no. 03-2025-0025).

Authors Contributions: Conceptualization, Farouk A. Abdel-Galil, and Gaber H. Abou-Elhagag;
methodology, Abd El-Latif Hesham and Sara E. Mousa; Software, Farouk A. Abdel-Galil, Abd El-Latif
Hesham, and Sara E. Mousa; writing, review and editing, Gaber H. Abou-Elhagag and Gehad N.
Aboulnasr; All authors have read and agreed to the published version of the manuscript.

Competing Interests: The authors declare no conflict of interest.

Availability of Data and Materials: All data generated or analysed during this study are
included in this manuscript.

Funding: This study received no funding from any sources.

Acknowledgements: We are very grateful to the Genetics Department's Molecular Genetic
lab., for providing the opportunity to use different devices for performing genetic analyses.
Also, we are very grateful to the Plant Protection Department's Biological Control Unit lab.,
for providing the biological studies.

REFERENCES

Abdel-Galil, F. A. (1978). Entomophagous of the American bollworm Heliothis armigera
HB., in Tashkent Uzbekistan, USSR. Ph. D. Thesis. Library of Linin, Moscow,



25
Genetic Fingerprint Techniques and Biological Aspects of Three Trichogramma Populations

USSR.

Ballal, C. R., Srinivasan, R., Chandrashekhar, K. (2005). Evaluation of quality of
Trichogramma chilonis Ishii from different production units in India. Journal of
Biological Control, 19(1): 1-7.https://www.cabidigitallibrary.org/doi/full/ 10.5555/
20053214528

Borba, R. daS., Garcia, M. S., Kovaleski, A., Oliveira, A. C., Zimmer, P. D., Castelo Branco,
J. S., Malone, G. (2005). Genetic dissimilarity of lines of Trichogramma Westwood
(Hymenoptera:  Trichogrammatidae) through [ISSR markers. Neotropical
entomology, 34(4), 565-569. https://doi.org/10.1590/S1519-566X2005000400005

Bourchier, R. S., Smith, S. M. (1996). Influence of environmental conditions and parasitoid
quality on field performance of Trichogramma minutum. Entomologia
Experimentalis et Applicata, 80(3): 461-468. https://doi.org/10.1111/}.1570-
7458.1996.tb00960.x

El-Heneidy, A. H., Shoeb, M. A. (2007). Comparative Biological Aspects of Two Strains
from the Egg Parasitoid, Trichogramma evanescens Westwood (Hymermptera:
Trichogrammatidae) in Egypt. Egyptian Journal of Biological Pest Control, 7(2):
99-106. https://www.cabidigitallibrary.org/doi/full/10.5555/20083055493

Gingras, D., Dutilleul, P., Boivin, G. (2002). Modeling the impact of plant structure on host-
finding behaviour of parasitoids. Oecologia,130(3), 396-402. https://doi.org/ 10.
1007/s00442-001-0819-y

Grieshop, M. J., Flinn, P. W., Nechols, J. R., Schéller, M. (2007). Host-foraging success of
three species of Trichogramma in a simulated retail environment. Economic
Entomology, 100, 591-598. https://www.researchgate.net/publication/ 6368303
Host- Foraging_ Success_ of Three_ Species_of Trichogramma_Hymenoptera_
Trichogrammatidae_in_a_Simulated_Retail _Environment

Hassan S. A. (1994). Strategies to select Trichogramma species for use in biological control.
In: Wajnberg E & Hassan SA (Eds), Biological control with egg parasitoids. CAB
International, Wallingford, UK.: 55-72. content

Hassan, S. A., Zhang, W. Q. (2001). Variability in quality of Trichogramma brassicae
(Hymenoptera: Trichogrammatidae) from commercial suppliers in Germany. Bio.
Control, 22(2): 115-121. https://doi.org/10.1006/bcon.2001.0962

Hunter, P. R., Gaston, M. A. (1988). Numerical index of the discriminatory ability of typing
systems: an application of Simpson's index of diversity. Journal of Clinical
Microbiology, 26(11): 2465-2466. https://doi.org/10.1128/jcm.26.11.2465-2466.
1988

Knutson A. (1998). A guide to the use of Trichogramma for biological control with special
reference to augmentative releases for control of bollworm and budworm in cotton.
Texas Agricultural Extension Service. B-6071: 5-98. https://books.google.com.eg/
books/about/The Trichogramma Manual.html?id=UosftwAACAAJ&redir_esc=y

Loxdale, H. D., Lushai, G. (1998). Molecular markers in entomology. Bulletin of
Entomological Research, 88(6), 577-600.https://doi.org/10.1017/
S0007485300054250

Martorell, R., Behrman, J. R., Flores, R., Stein, A. D. (2005). Rationale for a follow-up study
focusing on economic productivity. Food and Nutrition Bulletin, 26(2_suppll): S5-
S14. https://doi.org/10.1177/15648265050262S102

Mousa, S. E. (2018). Morphological and Biological Traits of Parasitoid Trichogramma
Inhabiting Different Agroecosystems. M. Sc. Plant Protection Department, Faculty
of Agriculture, Assiut University: 126pp DOI: 10.13140/RG.2.2.20520.38402

Oliveira, H. N.,Zanuncio, J. C.,Pratissoli, D., Picando, M. C. (2003). “Biological
characteristics of Trichogramma maxacalii (Hym.: Trichogrammatidae) on eggs of


https://www.cabidigitallibrary.org/doi/full/%2010.5555/%2020053214528
https://www.cabidigitallibrary.org/doi/full/%2010.5555/%2020053214528
https://doi.org/10.1590/S1519-566X2005000400005
https://doi.org/10.1111/j.1570-7458.1996.tb00960.x
https://doi.org/10.1111/j.1570-7458.1996.tb00960.x
https://www.cabidigitallibrary.org/doi/full/10.5555/20083055493
https://doi.org/%2010.%201007/s00442-001-0819-y
https://doi.org/%2010.%201007/s00442-001-0819-y
https://www.researchgate.net/publication/%206368303_%20Host-%20Foraging_%20Success_%20of_%20Three_%20Species_of_Trichogramma_Hymenoptera_%20Trichogrammatidae_in_a_Simulated_Retail_Environment
https://www.researchgate.net/publication/%206368303_%20Host-%20Foraging_%20Success_%20of_%20Three_%20Species_of_Trichogramma_Hymenoptera_%20Trichogrammatidae_in_a_Simulated_Retail_Environment
https://www.researchgate.net/publication/%206368303_%20Host-%20Foraging_%20Success_%20of_%20Three_%20Species_of_Trichogramma_Hymenoptera_%20Trichogrammatidae_in_a_Simulated_Retail_Environment
https://biblioteca.inia.cl/server/api/core/bitstreams/a3d4d737-89dc-4374-9871-f486c04daac1/content
https://doi.org/10.1006/bcon.2001.0962
https://doi.org/10.1128/jcm.26.11.2465-2466.%201988
https://doi.org/10.1128/jcm.26.11.2465-2466.%201988
https://books.google.com.eg/%20books/about/The_Trichogramma_Manual.html?id=UosftwAACAAJ&redir_esc=y
https://books.google.com.eg/%20books/about/The_Trichogramma_Manual.html?id=UosftwAACAAJ&redir_esc=y
https://doi.org/10.1017/%20S0007485300054250
https://doi.org/10.1017/%20S0007485300054250
https://doi.org/10.1177/15648265050262S102

26
Sara E. Mousa et al.

Anagasta kuehniella (Lep.: Pyralidae)”. Brazilian Journal of Biology, 63(4): 647-
653. https://doi.org/10.1590/S1519-69842003000400011

Parra, J. R. P., Zucchi, R. A. (2004). Trichogramma in Brazil: feasibility of use after twenty
years of research. Neotropical entomology, 33(3): 271-81. https://doi.org/10.
1590/S1519-566X2004000300001

Pinto, J. D. (1999). Systematics of the North American species of Trichogramma Westwood
(Hymenoptera: Trichogrammatidae). Memoirs Entomological Society of
Washington, 22: 1-287. https://mbd-db.osu.edu/hol/publications/74112f99-46hb9-
49dd-8571-d12e8572fb5b

Pinto, J. D., Stouthamer, R. (1994a). Host relationships of Trichogramma and
Trichogrammatoidea (Hymenoptera: Trichogrammatidae). Annual Review of
Entomology, 39(1), 363-389. https://doi.org/10.1046/j.1463-6409.1999.00016.x

Pinto, J. D., Stouthamer, R. (1994b). Systematics of the Trichogrammatidae with emphasis
on Trichogramma. In: "Biological control with egg parasitoids”(Wajnberg E. and
Hassan SA., eds). CAB International, Wallingford, United Kingdom: 1-36.
https://research. wur. nl/en/ publications/ systematics-of-the-trichogrammatidae-
with-emphasis-on-trichogramm.

Pizzol, Jeannine, Nicolas Desneux, Eric Wajnberg, Denis Thie'ry. (2012). Parasitoid and
host egg ages have independent impact on various biological traits in a
Trichogramma species. Journal of Pest Science, 85(4): 489-496. https://
doi.org/10.1007/s10340-012-0434-1

Puneeth, P., Vijayan, V. A. (2014). Parasitization capacity of Trichogramma chilonislshii
(Hymenoptera: Trichogrammatidae) on the eggs of Helicoverpa armigera
(Lepidoptera: Noctuidae) under laboratory conditions. International Journal of
Advanced Biotechnology and Research, 5(3): 462-465. http://eprints.uni-
mysore.ac.in/8860/

Rohlf, F. J. (2000): NTSYS-pc Numerical taxonomy and multivariate analysis system,
version 2.01. Setauket New York: Applied Biostatistics.

Samara, R. Y., Carlos Monje, J., Zebitz, C. P. (2008). Comparison of different European
strains of Trichogramma aurosum (Hymenoptera: Trichogrammatidae) using
fertility life tables. Biocontrol Science and Technology, 18 (1): 75-86. https://
doi.org/10.1080/09583150701749789

SAS (2008) Statistical Analysis Systems Institute. Version 9.1, SAS Institute Inc., Cary,
North Carolina, USA.

Sayed, S. M., El-Shehawi, A. M., Al-Otaibi, S. A. (2011). Molecular and biological
characterization of Trichogramma turkestanica (Hymenoptera:
Trichogrammatidae) which inhabits Taif governorate at the west of Saudi
Arabia. African Journal of Biotechnology, 10(46): 9467-9472. https://doi. org/10.
5897/AJB11.868

Singh, S. P., Murphy, S. T., Ballal, C. R. (Eds.) (2001). Augmentative Biocontrol-
Proceedings of the ICAR. CABI Workshop, June 29" to July 1" ,2001. Project
Directorate of Biological Control, Bangalore: 250.

Smith, S. M. (1996). Biological control with Trichogramma: advances, successes, and
potential of their use. Annual review of entomology, 41(1): 375-406. https://
doi.org/10.1146/annurev.en.41.010196.002111

Stouthamer, R.; Hu J., Van Kan, F. J. P. M.; Platner, G. R., Pinto, J. D. (1999). The utility
of internally transcribed spacer 2 DNA sequences of the nuclear ribosomal gene for
distinguishing sibling species of Trichogramma. BioControl 43(4): 421- 440.
https://doi.org/10.1023/A:1009937108715

Van Driesche, R., Hoddle, M. (2009): Control of pests and weeds by natural enemies: an


https://doi.org/10.1590/S1519-69842003000400011
https://doi.org/10.%201590/S1519-566X2004000300001
https://doi.org/10.%201590/S1519-566X2004000300001
https://mbd-db.osu.edu/hol/publications/74112f99-46b9-49dd-8571-d12e8572fb5b
https://mbd-db.osu.edu/hol/publications/74112f99-46b9-49dd-8571-d12e8572fb5b
https://doi.org/10.1046/j.1463-6409.1999.00016.x
http://eprints.uni-mysore.ac.in/8860/
http://eprints.uni-mysore.ac.in/8860/
https://doi.org/10.1080/09583150701749789
https://doi.org/10.1080/09583150701749789
https://doi.org/10.1023/A:1009937108715

27
Genetic Fingerprint Techniques and Biological Aspects of Three Trichogramma Populations

introduction to biological control. John Wiley & Sons. DOI: 10.14411/eje.2009.038

Van Lenteren, J. C., Hale, A., Klapwijk, J. N., Van Schelt, J., Steinberg, S. (2003).
Guidelines for quality control of commercially produced natural enemies. Quality
Control and Production of Biological Control Agents: Theory and Testing
Procedures. CABI, London, 278-316. https://doi.org/10.1079/ 9780851996882.
0265

Venkatesan, T., Reetha, B., Jalali, S. K., Lalitha, Y., Ballal, C. R., More, R. P., Verghese, A.
(2015). Molecular identification of egg parasitoid, Trichogrammaspecies of India
using COI and ITS-II regions and their phylogenetic relationships. Genome, 58(5):
291-292.https://www. researchgate. net/ publication/ 293821106 _Molecular_
identification_of egg_parasitoid_Trichogramma_species_of India_using_COI_a
nd_ITS-I1_regions_and_their_phylogenetic_relationships

Zietkiewicz E., Rafalski A. and Labuda D. (1994): Genome fingerprinting by simple
sequence repeat (SSR)-anchored polymerase chain reaction amplification.
Genomics, 20(2): 176-183. https://doi.org/10.1006/gen0.1994.1151.

ARABIC SUMMARY

A 3 Aigs alii (b AAAAY) L) 9S50 i (ha ol pana S i ol gl i) s 5 2 st Acancl] iyl

cz‘aw d..)w\.\gﬁ ‘aw clcbﬂ\‘%i Mﬁl@ cld#‘ég\ﬁ é‘gﬂ‘*\g dj)\é s*luauy Q,j..\ﬂ ew JAA.AOJLW
3 paill) gl JiU dasa dlga

ran o gpad — Ll 4B 5 i - e )0 LIS - ol Aaals ]

e sy g (o AT 5l and Ao NN AS © e S daala 2

e gl — @l pdall s ol sl ale and - s gl A0S - L gl deals 3

N a6l gl Clacall aaa g Cilaad) uhjﬁﬁ@).kucw\ G5l maail LAl Al jall oy sl
MlmauwmemehmM‘_g i & Trichogramma Lol ya oS il Ganll Juaha e il gana
dadlaey cila iy ((TNV)  a2all ga\jx\ ihilae  Aa,ll (TM) Lid) ddélas (el f ol ciles
(TLux) 8!

Gile gans G madll @llig ISSR s RAPD -d) Glanl s sk ce dui jall culaal) cuadial
Clasl 5 aa Gic sane ) Lelaad &5 AN Lal o o) i) Cile gana O A il @ jedal 2EDEN Ll o Sl 53l
Laiay (TLUX Y15 TM Uil Ll ja 6 55 e sana (15Y) Ao sanal) Cisanat 4 dl) ISSR 5 RAPD
LETNV 2l ol ) Ll s 685 55 e sane 4l Ao panal) Citaiad
e (SC) Adsiadll Dl s La 5 7 soaw 0 sund) 430 8 PRI PRGN £ T A QLTI A KR
:\_‘;,syn ubaadl TLUX Y s TNV 2aall ) gl s TM Ll Ll jan o5 55 (] @Bliha (e 2300 306K
Oo Vel 0l ALY cdlalall slac g ¢ Jakaill 8 ealil) (sl ge Jadaill 4 giall ol scilad Cheadi) )
uai\u\.\l\sﬂ\ UAAAJ\AJ\ ubﬂm‘;s\ u\ CJ.\.\]\ &_1_)4.2\ ds.k.ﬂ\ oe sl c_’h‘ﬂ\ MJ 3 ds.k.\.d\ ua.ul\
+ 3,98 cuil€s coldhall (pe da Al G A B Ll (FFF = 4,49 dad) TM de sanal %56.12 £15.27
TLUX 4e seaal %28.02

aoms waail Aga gl g Aom gl b ) sall Cilia 91 ad ) dalall e ¢ gaall dglald) Al jall Jalus 03
ClY) AadlSe juied Julls de gl & peadl Aol Al Akl Jals Wloa S o 5V Bl
Ayl Alladl)


https://doi.org/10.1079/%20%20%20%209780851996882.0265
https://doi.org/10.1079/%20%20%20%209780851996882.0265
https://doi.org/10.1006/geno.1994.1151

	11e327f7fb2caa660c94fb44f27e035b9c924f03ac4c053c8f3eb57a67a5ed88.pdf
	11e327f7fb2caa660c94fb44f27e035b9c924f03ac4c053c8f3eb57a67a5ed88.pdf

