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Resistant plant cultivars which used in breeding programs are considered one of the modern integrated
management programs to reduce the usage of synthetic insecticides and environmental contamination
the present study aimed to characterize the resistant and susceptible tomato cultivars to Tuta absoluta
based on biochemical and molecular levels, in Egypt. The biochemical characters of the tested tomato cul-
tivars (tomato- 86, tomato- Alissa, tomato- Fayarouz, tomato- Omniya, tomato- 036, tomato- GS) were
determined colorimetrically and characterized by using native- polyacrylamide gel electrophoresis
(PAGE) and agarose gel. Our results showed that there were variations highly significant in all biochem-
ical constituents of the resistant tomato cultivar (tomato- 86) compared with the susceptible one
(tomato- GS). Also, native-(PAGE) for peroxidase (POD) isoenzymes techniques of the tested tomato cul-
tivars showed variations in protein band numbers and densities in tomato-86 resistant compared with
tomato-GS susceptible to Tuta absoluta infestation. The correlation coefficient between total phenols
and peroxidases in infested tomato leaves and percentages of damaged leaves with the tested insect pest
was negative and highly significant, while in case of total proteins and reducing sugars in infested tomato
leaves as well as lycopene contents in infested tomato fruits was positive, highly significant and signif-
icant, respectively. The correlation coefficient between tomato yield means and the infested fruit percent-
age with T. absoluta larvae was negative and highly significant. Respecting molecular diagnosis random
amplified polymorphism DNA- polymerase chain reaction (RAPD- PCR), the results demonstrated that
the presence of polymorphism in the resistant tomato cultivar (tomato- 86) compared with (tomato-
GS), the most susceptible to the tested insect pest infestation.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Tomatoes, Lycopersicon esculentum Mill. are the most economi-
cal crops all over the world (Ingegno et al., 2017a; Ingegno et al.,
2017b; EPPO, 2019). It’s infested with numerous insect pests and
the destructive tomato leafminer, T. absoluta, was the major threats
to tomato cultivations worldwide (Desneux et al., 2011; Biondi
et al., 2018; Mansour et al., 2018; Verheggen & Fontus, 2019).
While breeding tomato cultivars to get resistant cultivars is a valu-
able solution (Hassanien et al., 2020). T. absoluta larvae feed on the
mesophyll of aerial parts of host plants, mining the leaves, stems,
apics, flowers and fruits (Miranda et al., 1998), leading to heavy
losses, the traditional management strategies are not efficiently
developed (Caparros Megido et al., 2013). Because the presence
of T. absoluta with high populations in Egypt, where the appropri-
ate climate, it controlled with different insecticides with high
dosages (Mohammed, 2015). As a result, it was found a develop-
ment of resistance in the tested insect pest to these synthetic
insecticides. Because of stated above, screening for tolerant/ resis-
tant tomato cultivars to T. absoluta infestation and using in plant
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breeding programs. Resistance levels of some tomato cultivars to
the tested insect pest have been previously characterized by some
authors (Gharekhani and Salek- Ebrahimi, 2014 a & b; Ghaderi
et al., 2017).

So, the present study aimed to characterize the susceptible and
resistant tomato cultivars using biochemical and molecular deter-
mination. These diagnoses will help us in developing susceptible
commercial tomato cultivars by transferring specific resistant fac-
tors from resistant tomato cultivars and this will be useful in pest
management programs against T. absoluta.

2. Materials and methods

The biochemical and molecular characterizations of both resis-
tant and susceptible tomato cultivars to T. absoluta infestation
were conducted in Agriculture Faculty Laboratories, Zagazig
University, Egypt.

2.1. Tomato host plant

Six tested tomato cultivars, L. esculentum Mill. were cultivated
under field conditions in Agriculture Faculty, Zagazig University,
Egypt. These cultivars namely; tomato- 86, tomato- Alissa,
tomato- Fayarouz, tomato- Omniya, tomato- 036 and tomato- GS
were obtained from El- Zahraa Farm, El- Salhia City, Sharkia gover-
norate, Egypt. All agronomic practices as fertilization and irrigation
were carried out according to Agricultural Ministry recommenda-
tions for each plot area (150 m2). The leaves samples of the tested
tomato cultivars were collected when the tomato leafminer inci-
dence level was at peak for biochemical and molecular diagnoses.

To calculate the infestation percentage with T. absoluta larvae
on leaves of the different six tomato cultivars, especially during
the peak of the tested insect. Leaves samples were taken after
15 days from transplanting and were transferred to the laboratory
in paper bags for inspection. Thirty infested leaflets each of the
tested six tomato cultivars were recorded carefully using binocular
microscope weekly/ plot for 16 weeks. While, in case of calculating
Fig. 1. POD isomers profile in the tested tomato cultivars, L1: T-GS, L2: T- 036, L3:
T-86, L4: T- Omniya, L5: T- Alissa and L6: T- Fayrouz.
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the infestation percentage with T. absoluta on fruits of the tomato
cultivars, ten tomato fruits were transferred to the laboratory in
paper bags and cut with clean knife for inspection T. absoluta larvae
weekly/ plot for seven weeks. The leaf and fruit damages percent-
age = Number of infested leaves or fruits/ Total number of leaves or
fruit � 100.

For determination the tomato yield, fruits were weekly col-
lected from each plot and weighted immediately in the field. The
yield of each treatment expressed as Kg of fruits per plot was
calculated.
2.2. Biochemical characterization

Total proteins contents (Saad et al., 2016), peroxidases activities
in mature and juvenile tomato leaves, leaves total phenols, leaves
reduced sugars, lycopene in fruits and native- PAGE for peroxidases
isoenzymes were characterized.
2.2.1. Total proteins
Total proteins concentrations colorimetrically estimated in all

tomato leaves samples using a spectrophotometer (6705 UV/Vis.
Spectrophotometer, JENWAY) at 595 nm according to Bradford
(1976); Saad et al, (2016).
2.2.2. Peroxidase activities
Peroxidase activities were determined colorimetrically in

mature and juvenile leaves of the six tested tomato cultivars
according to Trevisan et al., (1997).
2.2.3. Total phenols
Determination of total phenols content in leaves of the tested

tomato cultivars was done according to the method developed by
Singleton et al., (1999); Malick and Singh, (1980); Saad et al,
(2021a).
2.2.4. Reducing sugars
Reducing sugars content like glucose, galactose, lactose and

maltose in leaves of the six tested tomato cultivars was estimated
as the method developed by Benedict, (2015) and Somogyi, (1952);
Saad et al, (2021b).
2.2.5. Lycopene pigment
The total lycopene pigment content in fruits of six tomato

cultivars was estimated as per the method developed by
(Ranganna, 1976).

Lycopene (lg/g fresh weight) = 3.121x OD value at
503 nm � volume of sample � dilution factor/ fresh weight of sam-
ple (g) � 100.

*The OD value at 503 nm was taken into consideration. From
the standard curve, concentrations of total lycopene content
expressed in terms of lg per gram fresh weight for six different
tomato cultivars.
2.2.6. Native- PAGE for peroxidase isozymes
Peroxidase isozymes were analyzed using the native- PAGE

(10%) according to (Vallejos, 1983; Mahfouze et al., 2012).
2.3. Molecular diagnosis (RAPD- PCR)

The randomly amplified polymorphic DNA (RAPD) technique
includes the amplification, by polymerase chain reaction (PCR) of
random segment of genomic DNA using a single short primer of
arbitrary sequence (Callejas and Ochando, 1998).
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2.3.1. DNA extraction
DNA from the tested six tomato leaves was extracted according

to Agrawal et al., (1992). A set of 15 primers was analyzed based on
the accurate amplified bands profiles of DNA fingerprinting and
only six different primers were selected because of their good
RAPD profiles shown in Table 1.

2.3.2. DNA amplification cycles
The temperature cycling program used with a Perkin-Elmer

Gene Amp PCR system (model 2400) was as follows: one cycle at
94 �C for 5 min followed by 30 cycles consisting of one step of
denaturation (94 �C) for 40 sec, one step of annealing (37 �C) for
1 min, followed by one step of synthesis (72 �C) for 2 min and a
final extension step 72 �C for 7 min and finally 4 �C infinitive
(Williams et al., 1990).

2.3.3. Band analysis
Reaction products were analyzed by electrophoresis on 1.0 %

agarose gels stained with ethidium bromide and photographed
under UV light. The synthetic DNA, ladder 10000 bp (Pharmacia)
was employed as molecular markers for bands molecular weight.
Each amplified band profile was defined by the presence or
absence of bands at particular positions on the gel. Profiles were
considered different when at least one polymorphic band was
identified. Fragments were scored based on standard marker using
Gel Analyzer 3 (Egygene) software.

2.4. Statistical analysis

All biochemical constituent’s data of the six tested tomato cul-
tivars were submitted to one-way analysis of variance (ANOVA)
and when significant differences among the averages were found,
they were compared with the Duncun Test (Duncan, 1955) at 1%
and 5%, using the statistical software SPSS 14.00 software (SPSS
Inc. Chicago, Il, USA).

3. Results

3.1. Biochemical characterization

3.1.1. Total proteins
The protein content in the tested different tomato cultivars

leaves varied from 0.84 to 6.35 mg/dL. The highest protein content
(6.35 mg/dL) was recorded in Tomato-86. The protein content in
other tomato cultivars, Alissa, Fayrouz, Omniya and Tomao- 036
were 5.18, 4.18, 3.48 and 2.90 mg/ dL, respectively. Whereas, the
lowest protein content was recorded in Tomato- GS (0.84
mg/ dL) (Table 2).

3.1.2. Peroxidase activities
Data in (Table 2) show that there are highly significant differ-

ences in peroxidase activities (PODs) according to the tomato
leaves ages. PODs activity values in the tested mature tomato
leaves were high more than juvenile ones. Also, the obtained
Table 1
RAPD-PCR primers with their nucleotide sequences in the tested
tomato cultivars.

Primer Nucleotide Sequence (5ʹ- 3ʹ)

1 GTA GCA CTC C
2 GTT GCC AGC C
3 TGG ACC GGT G
4 GTT TCG CTC C
5 GAT GAC CGC C
6 GTG ATC GCA G
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results indicated that the POD activity values were increased with
highly significant in the infested mature leaves with T. absoluta
compared with the healthy leaves. POD activities were the highest
and descendingly as 13.32, 8.65; 11.38, 7.46; 10.60, 7.24; 9.31,
5.18; 7.03, 4.54 and 5.17, 2.91 mg�1 ml�1 protein min -1 in the
infested mature and healthy leaves of Tomato- 86, Tomato- Alissa,
Tomato- Fayrouz, Tomato- Omniya, Tomato- 036 and Tomato- GS,
respectively.

Respecting the POD activities in juvenile tomato leaves, the
results indicated that the POD activities were increased with highly
significant in the infested juvenile leaves with the same tested
insect pest compared with the activity of the same enzyme in
healthy juvenile leaves. The POD activities were the highest and
descendingly ordered as 9.47, 5.27; 6.03, 3.22; 5.88, 2.93; 5.09,
2.44; 3.62, 2.55, and 3.03, 1.70 mg�1 ml�1 protein min -1 in the
infested and healthy juvenile leaves of Tomato- 86, Tomato- Alissa,
Tomato- Fayrouz, Tomato- Omniya, Tomato- 036 and Tomato- GS,
respectively.

3.1.3. Total phenols
The phenols content in all the tested tomato leaves ranged 2.24

to 5.05 %. The highest amount of phenol content was present in
Tomato- 86 (5.05%) followed by tomato- Alissa (4.72%) and
Tomato- Fayrouz (4.02%). Whereas, the lowest one was recorded
in Tomato- GS (2.24%) followed by Tomato- 036 (2.82%) and
Tomato- Omniya (3.37%) (Table 2).

3.1.4. Reducing sugars
Respecting the reducing sugars (%), the results in (Table 2) indi-

cate that the tomato cultivar Tomato- GS contained the lowest
amount of reducing sugars (1.80%) and it was followed by
tomato- 036 (3.08%), Tomato- Omniya (3.63%) and Tomato- Fay-
rouz (5.21%), while the leaves of tomato- 86 had the highest
amounts of reducing sugars (7.79%) followed by Tomato- Alissa
(6.54%).

3.1.5. Lycopene
The quantity of lycopene content in fruits of different tomato

cultivars varied from 72.82 to 390.13 lg/g fr.wt. The cultivar
tomato- 86 possessed the highest amount of lycopene
(390.13 lg/g fr.wt) followed by tomato- Alissa (332.91 lg/g fr.
wt), tomato- Fayrouz (306.90 lg/g fr.wt), tomato- Omniya
(265.29 lg/g fr.wt) and tomato- 036 cultivar (114.44 lg/g fr.wt).
However, the tomato- GS cultivar (72.82 lg/g fr.wt) showed the
lowest amount of lycopene content (Table 2).

3.1.6. Native- PAGE for POD isozymes
The electrophoretic results (native- PAGE) revealed that the

presence of three POD isozymes relatively more intensive and
thickness in tomato- 86 cultivar, the most resistant tomato cultivar
to T. absoluta infestation. Our results are accordance with the col-
ormetric determination of total proteins in the tested tomato
leaves. Whereas, the two POD isozymes bands in both Tomato-
036 and Tomato- GS were the least intensive and thickness other
regarding POD isozymes bands in tomato- Omniya, Tomato- Alissa
and Tomato- Fayrouz. It was noticed that these isozymes may play
a role in resistant tomato cultivar, particulary T- 86, the most resis-
tant tomato cultivar to T. absoluta infestation Fig. 1.

3.2. Correlation between some biochemical constituents in leaves and
fruits tomato and T. Absoluta infestation.

The correlation coefficient between proteins in the six tested
tomato cultivars and damaged leaves percentage were positively
and highly significant (0.719), which indicated that increase in



Table 2
Some biochemical constituents in leaves (total proteins, peroxidase activities, total phenols and reducing sugars) and fruits (lycopene) of different tested tomato cultivars.

Tomato Cultivar Total protein
(mg/ dL) ± SE

Peroxidase activities mg/ mL Protein/ min ± SE Total phenol
(%) ± SE

Reducing sugar
(%) ± SE

Lycopenelg/g
fr.wt ± SE

Mature leaf Juvenile leaf

infested Healthy infested Healthy

Tomato- 86 6.35 ± 0.15a 13.32 ± 0.59a 8.65 ± 0.30a 9.47 ± 0.41a 5.27 ± 0.62a 5.05 ± 0.16a 7.79 ± 1.09a 390.13 ± 68.02a

Tomato-Alissa 5.18 ± 0.15ab 11.38 ± 0.40b 7.46 ± 0.41b 6.03 ± 0.06b 3.22 ± 0.15b 4.72 ± 0.43a 6.54 ± 0.31ab 332.91 ± 50.16a

Tomato-036 2.90 ± 1.06c 7.03 ± 0.55d 4.54 ± 0.49c 3.62 ± 0.46d 2.55 ± 0.51bc 2.82 ± 0.30ed 3.08 ± 0.19 cd 114.44 ± 73.75b

Tomato- Fayrouz 4.18 ± 0.16bc 10.60 ± 1.40bc 7.24 ± 0.52b 5.88 ± 0.48bc 2.93 ± 0.19b 4.02 ± 0.28b 5.21 ± 0.38b 306.90 ± 64.96a

Tomato- GS 0.84 ± 0.55d 5.17 ± 0.33e 2.91 ± 0.44d 3.03 ± 0.05d 1.70 ± 0.19c 2.24 ± 0.25d 1.80 ± 0.73d 72.82 ± 23.84b

Tomato- Omniya 3.48 ± 0.47e 9.31 ± 0.59c 5.18 ± 0.17c 5.09 ± 0.21c 2.44 ± 0.5bc 3.37 ± 0.13bc 3.63 ± 0.13c 265.29 ± 54.06a

F. test **38.246 **77.645 **84.741 **142.336 **26.538 **47.608 **45.189 **14.138

-** indicates that the differences between means are high significant at 0.01 level of probability.

Fig. 2. RAPD- PCR DNA with primer (1) for Lane M: Marker, L1: T- Fayrouz, L2:
T- Alissa, L3: T- Omniya, L4: T- 036, L5: T- 86 and L6: T- GS.

Table 3
Simple correlation coefficient between some biochemical constituents in both leaves
and fruits of the tested tomato cultivars and percentages of damaged leaves and fruits
by larvae of T. absoluta.

Tomato Cultivar Damaged
Leaf (%)

Damaged
fruit (%)

Tomato yield mean/
cultivar (kg/ 150 m2)

Tomato- 86 3.25 ± 0.07e 1.32 ± 0.02e 1350.00 ± 522.02a

Tomato- Alissa 3.75 ± 0.05d 4.03 ± 0.07c 526.67 ± 25.17c

Tomato- Fayrouz 4.68 ± 0.02b 4.89 ± 0.01a 606.67 ± 11.55c

Tomato- Omniya 4.93 ± 0.01a 3.79 ± 0.02d 656.67 ± 81.45bc

Tomato- 036 4.50 ± 0.01c 3.96 ± 0.06c 758.50 ± 73.12bc

Tomato- GS 4.72 ± 0.01b 4.69 ± 0.02b 1216.67 ± 76.38ab

r1 0.719** — —
r2 �0.637** — —
r3 �0.514* — —
r4 �0.562** — —
r5 0.649** — —
r6 — 0.586* —
r7 — — �0.779**

-r1, r2, r3, r4, r5, r6 and r7 indicate the correlation coefficient values between protein
contents, peroxidase activities in infested mature, infested juvenile leaves, phenols,
reduced sugars, lycopene contents in damaged fruits as well tomato yield mean and
the infestation percentage in both leaves and fruits with T. absoluta, respectively.
-r followed by * or ** mean that the correlation coefficient is statistically significant
at 0.05 and 0.01 levels of probability.

Mona F.A. El-Sitiny, H. M. Omar, A.M. El-Shehawi et al. Saudi Journal of Biological Sciences 29 (2022) 2904–2910
tomato proteins and increased infestation with T. absoluta
(Table 3).

Statistical analysis of the results clearly indicated that the infes-
tation percentages on leaves negatively correlated with peroxi-
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dases in both infested mature and juvenile leaves. The
correlations were statistically high significant and significant
(-0.637& �0.514), respectively. The results showed that the
correlations between phenols in the tested tomato leaves and the
infestation percentage of T. absoluta were negative and high signif-
icant (-0.562).

Regarding to reducing sugars in the tested tomato leaves and
the T. absoluta infestation. the correlations between the infestation
percentage on tomato leaves were positive and highly significant
(0.649).

The lycopene content in the six tested tomato fruits and the
infested fruit percentage with the tested insect pest was positive
and significant (0.586).

The correlation relationship between tomato yields and the per-
centage of tomato fruits infestation with T. absoluta was negative
and highly significant (-0.779).

3.3. Moecular diagnosis (RAPD- PCR)

RAPD analysis method is a simple and very sensitive method
and appears effective in detecting genetic variations among the
six tomato cultivars tolerant/ resistant to T. absoluta infestation.
The molecular weight of fragments after RAPD-PCR reaction with
the six primers in the six tomato cultivars were separated, range
of fragment size, the total number of fragments, number of
monomorphic fragments, number of polymorphic fragments and
percentage of polymorphism obtained per RAPD shown in Table 4
and Figs. 2, 3, 4, 5, 6 and 7. A total number of amplified fragments
were 45 with average 7.50 fragments per primer which ranged
from 400 to 10000 bp approximately. The total polymorphism per-
centage was 79.21%, where Primer 4 revealed the highest percent-
age of polymorphism (100 %), while primer 3 exhibited the lowest
polymorphism (62.50%). The total polymorphic fragments were 33
with average 5.50 fragments per primer.

Tomato- 86 cultivar recorded the highest value of amplified
fragments (31) ranged from 400 to 10000 bp across all the six pri-
mers, followed by Tomato- Alissa, Tomato- Fayrouz, Tomato-
Omniya and Tomato- 036 tomato cultivars recorded values of
amplified fragment (19, 18, 17 and 16) which ranged from 400 to
10000 bp, while Tomato- GS tomato cultivar revealed the lowest
value of amplified fragments (15) which ranged from 400 to
10000 bp.

4. Discussions

Resistant cultivars are considered one of the modern integrated
pest management methods (IPM) to reduce using insecticides, pro-
duction costs reduction and finally environment without pollution.
In Egypt, there are various tomato cultivars during season. The
most destructive insect pest of tomato cultivars in both protected



Table 4
The Polymorphism in fragment size after RAPD-PCR reaction with the six primers in six tomato cultivars.

Primers Range of
fragment size

T-
Fayrouz

T-
Alissa

T-
Omniya

T-
036

T-
86

T-
GS

Total No. of
Fragments

Monomorphic
Fragments

Polymorphic
Fragments

Polymorphism
%

1 500–6000 bp 2 4 4 2 6 2 9 2 7 77.78
2 8000–10000 bp 2 1 1 1 4 2 5 1 4 80
3 1500–5000 bp 7 7 6 8 9 7 16 6 10 62.50
4 400–6000 bp 2 2 1 – 2 1 2 – 2 100
5 1500–4000 bp 2 2 2 2 6 2 8 2 6 75
6 500–8000 bp 3 3 3 3 4 1 5 1 4 80
Total 400–10000 bp 18 19 17 16 31 15 45 12 33 79.21
Average – 3 3.17 2.83 2.67 5.17 2.50 7.50 2 5.50 -

Fig. 3. RAPD- PCR DNA with primer (2) for Lane M: Marker, L1: T- Fayrouz, L2:
T- Alissa, L3: T- Omniya, L4: T- 036, L5: T- 86 and L6: T- GS.

Fig. 4. RAPD- PCR DNA with primer (3) for Lane M: Marker, L1: T- Fayrouz, L2:
T- Alissa, L3: T- Omniya, L4: T- 036, L5: T- 86 and L6: T- GS.

Fig. 5. RAPD- PCR DNA with primer (4) for Lane M: Marker, L1: T- Fayrouz, L2:
T- Alissa, L3: T- Omniya, L4: T- 036, L5: T- 86 and L6: T- GS.

Fig. 6. RAPD- PCR DNA with primer (5) for Lane M: Marker, L1: T- Fayrouz, L2:
T- Alissa, L3: T- Omniya, L4: T- 036, L5: T- 86 and L6: T- GS.

Mona F.A. El-Sitiny, H. M. Omar, A.M. El-Shehawi et al. Saudi Journal of Biological Sciences 29 (2022) 2904–2910
and open cultivations is the tomato leafminer, T. absoluta. Tomato
plants are known to defend themselves against herbivores (Duffey
& Stout, 1996; Romeo et al., 1996) and pathogens (McKenzie et al.,
2002). The degrees of the defensive traits in host plants are depen-
dent on the age of their leaves (Coley, 1980). In general, young
leaves suffer significantly greater grazing damage from herbivo-
rous insects than mature leaves (Reichle et al., 1973), which is pre-
sumably because they are nutritionally richer and are less tough
than mature leaves (Coley et al., 2006). Insect feeding and patho-
gens are known to induce the expression of toxic proteins
(McKenzie et al., 2002). In fact, the most important constituents
of plant protective systems are proteomic defences (Fink &
Scandalios, 2002; Rubio et al., 2002). This proteomic profile includ-
ing total proteins colormetrically and native- PAGE. Peroxidases
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(PODs), which are known to have a number of functions, including
roles in defence against infections by inducing the presence of
defensive chemicals (Hammerschmidt et al., 1982; Trevisan et al.,
2003) and insect infestation (Quecini et al., 2007). Plants have large
number of peroxidase isoenzymes (Welinder, 1992; Quiroga et al.,
2000), including tomato plants (Botella et al., 1993). Our results are
in accordance with (Rath & Nayak, 2007; Abdul Rasheed et al.,
2018), who reported that the higher proteins including POD isoen-
zymes in tomato cultivars, the lesser tomato infestation with T.
absoluta. Conversely, Cevahir et al., (2004) assessed different phys-
iological parameters of Gazania splendens leaves and found
increased POD activity in juvenile as compared to adult leaves.
Also, there are other biochemical constituents responsible for
tomato resistant cultivars to T. absoluta infestation such as phenols,
reduced sugars and acyl sugars. Our results are in accordance with
(Benerjee & Kalloo, 1989; Selvanarayanan, 2000;
Dhakshinamoorthy, 2002; Selvanarayanan & Narayanasamy,
2006), who demonstrated that the high concentrations of phenols
and reduced sugars in tomato leaves caused resistance to the fruit



Fig. 7. RAPD- PCR DNA with primer (6) for Lane M: Marker, L1: T- Fayrouz, L2:
T- Alissa, L3: T- Omniya, L4: T- 036, L5: T- 86 and L6: T- GS.
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borer, Heliothis armigera. Abdul Rasheed et al., (2018), in India,
revealed that tomato cultivars leaves contained more phenols
and reduced sugars contents less infestation with T. absoluta. Also,
de Falco et al., 2019 reported that T. absoluta feeding on tolerant/
resistant tomato cultivars led to increase the production of
some compounds such as phenols, peroxidases and defensive
proteins.

Nanoparticles exhibited various activates where silver nanopar-
ticles (AgNPs) have insecticidal activity (Saad et al., 2021c). Other
nanoparticles such as selenium nanoparticles (SeNPs) (El-
Saadony et al, 2021c) can be used to improve the resistance of
tomato cultivars because their antioxidant activity.

Nowadays, biochemical and molecular markers are widely used
to screen tomato cultivars tolerance/ resistance to infestation with
T. absoluta. New fragments can be amplified because some sites
become accessible to the primer after structural changes in the
DNA taking place (Bushra et al., 2002; Enan, 2006). This could be
due to point mutations and/or large rearrangements of the DNA.
A single point mutation within the primer site can generate signif-
icant changes in RAPD patterns (Walsh and McClelland, 1990).
There were amplified polymorphism in the most resistant tomato
cultivars (T- 86) compared with the other tested tomato cultivars.
The results of polymorphisms may overexpression in peroxidase
isoenzymes through gene amplifications. These results were indi-
cated by the electrophoretic results (native- PAGE). These results
are agreement with (Devonshire et al., 1993; Hemingway, 2000;
Saad et al., 2021d), who reported that overexpression of PODs
enzymes through gene amplification in Myzus persicae. Various
natural compounds can be used to enhance tomato resistance
against Tuta absoluta, these compounds such as bioactive peptides
which El-Saadony et al., (2021a, b) reported their activities, addi-
tionally, essential oils (El-Tarabily et al., 2021; Abd El-Hack et al.,
2021a, b; Alagawany et al., 2021). Erb and Reymond, (2019) indi-
cated that the presence of different genetic variations in tolerant/
resistant tomatoes to T. absoluta and these extensive expressed
genes are responsibe for the formation of some complicated com-
pounds from secondary metabolism leading to a systemic plant
defense response. These compounds resulted from gene amplifica-
tion in tolerant tomatoes were phenylpropanoids, flavonoids,
anthocyanins, alkaloids, terpenoids, glucosinolates), and anti-
nutritive enzymes and proteins (e.g., proteinase inhibitors (PIs),
amino acid catabolizing enzymes, polyphenol oxidases, and
peroxidases).

5. Conclusions

The biochemical and molecular screening of some tomato culti-
vars tolerant/ resistant to T. absoluta at Sharkia governorate.
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Briefly, the obtained results indicated the presence of higher con-
tents of some biochemical constituents in both resistant T- 86
tomato cultivar leaves and fruits. Also, the gathered data showed
the different genetic variations between the susceptible (T- GS)
and resistant (T- 86) tomato cultivars to T. absoluta infestation.
So, we recommend using T-86 cultivar in breeding programs and
in integrated pest management against T. absoluta, as it has bio-
chemical and molecular factors and to diminish using synthetic
insecticides for keeping environment clean and healthy for
microorganisms, plants, animals, and humans.

Funding

The current work was funded by Taif University Researchers
Supporting Project number (TURSP � 2020/75), Taif University,
Taif, Saudi Arabia.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.
References

Abd El-Hack, M.E., El-Saadony, M.T., Saad, A.M., Salem, H.M., Ashry, N.M., Abo
Ghanima, M.M., Shukry, M., Swelum, A.A., Taha, A.E., El-Tahan, A.M., AbuQamar,
S.F., El-Tarabily, K.A., 2021a. Essential oils and their nanoemulsions as green
alternatives to antibiotics in poultry nutrition: a comprehensive review. Poult.
Sci. 101 (2), 101584. https://doi.org/10.1016/j.psj.2021.101584.

Abd El-Hack, M.E., El-Saadony, M.T., Swelum, A.A., Arif, M., Abo Ghanima, M.M.,
Shukry, M., Noreldin, A., Taha, A.E., El-Tarabily, K.A., 2021b. Curcumin, the active
substance of turmeric: its effects on health and ways to improve its
bioavailability. J. Sci. Food Agric. 101 (14), 5747–5762. https://doi.org/
10.1002/jsfa.11372.

Abdul Rasheed, V., Rao, S.R.K., Babu, T.R., Krishna, T.M., Reddy, B.V.B., Naidu, G.M.,
2018. Biochemical constituents of different tomato genotypes responsible for
resistance susceptibility to South American tomato leafminer, Tuta absoluta
(Meyrick). J. Pharmacogn. Phytochem. 7 (6), 1122–1129.

Agrawal, G.K., Pandey, R.N., Agrawal, V.P., 1992. Isolation of DNA from
Cheorospondias axillaris leaves. Biotechnol. Lett. 2, 19–24.

Alagawany, M., El-Saadony, M.T., Elnesr, S.S., Farahat, M., Attia, G., Madkour, M.,
Reda, F.M., 2021. Use of lemongrass essential oil as a feed additive in quail’s
nutrition: its effect on growth, carcass, blood biochemistry, antioxidant and
immunological indices, digestive enzymes and intestinal microbiota. Poult. Sci.
100 (6), 101172. https://doi.org/10.1016/j.psj.2021.101172.

Banerjee, M.K., Kalloo, K.L., 1989. Role of phenols in resistant to tomato leaf curl,
Fusarium wilt and fruit borer in Lycopersicon. Curr. Sci. 58, 575–576.

Benedict, R.S.A., 2015. reagent for the detection of reducing sugars. A rapid method
for the quantitative determination of sugar in urine. J. Biol. Chem. 1911 (57):
1193�1194. Available in: https://www.jbc.org/ content/5/5/485.full.pdf
(accessed 14th June, 2015).

Biondi, A., Guedes, R.N.C., Wan, F.-H., Desneux, N., 2018. Ecology, worldwide spread,
and management of the invasive South American tomato pinworm, Tuta
absoluta: past, present, and future (review). Annu. Rev. Entomol. 63 (1), 239–
258.

Botella, M.A., Quesada, M.A., Hasegawa, P.M., Valpuesta, V., 1993. Nucleotide
sequences of two peroxidase genes from tomato (Lycopersicon esculentum).
Plant Physiol. 103 (2), 665–666.

Bradford, M.M., 1976. A rapid and sensitive method for quantitation of microgram
quantities of protein utilizing the principle of protein-dye-binding. Anal.
Biochem. 72, 248–254.

Bushra, A., Abul farah, M., Niamat Ali, M., Ahmad, W., 2002. Induction of
micronuclei anderythrocyte alterations in the catfish Clarias batrachus by 2,
4-dichlorophenoxyacetic acid and butachlor. Mutat. Res. 518 (2), 135–144.

Callejas, C., Ochando, M.D., 1998. Identification of Spanish barbell species using the
RAPD technique. J. Fish Biol. 53, 208–215.

Cevahir, G., Yentur, S., Yazgan, M.E.V.Z.U.L.E., Unal, M., Yilmazer, N.A.D.I.M., 2004.
Peroxidase activity in relation to anthocyanin and chlorophyll content in
juvenile and adult leaves of‘‘ mini-star” Gazania splendens. Pak. J. Bot. 36 (3),
603–610.

Coley, P.D., 1980. Effects of leaf age and plant life history patterns on herbivory.
Nature 284 (5756), 545–546.

Coley, P.D., Bateman, M.L., Kursar, T.A., 2006. The effects of plant quality on
caterpillar growth and defense against natural enemies. Oikos 115 (2), 219–
228.

https://doi.org/10.1016/j.psj.2021.101584
https://doi.org/10.1002/jsfa.11372
https://doi.org/10.1002/jsfa.11372
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0015
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0015
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0015
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0015
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0020
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0020
https://doi.org/10.1016/j.psj.2021.101172
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0030
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0030
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0040
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0040
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0040
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0040
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0045
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0045
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0045
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0050
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0050
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0050
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0055
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0055
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0055
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0060
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0060
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0065
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0065
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0065
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0065
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0065
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0070
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0070
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0075
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0075
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0075


Mona F.A. El-Sitiny, H. M. Omar, A.M. El-Shehawi et al. Saudi Journal of Biological Sciences 29 (2022) 2904–2910
de Falco, B., Manzo, D., Incerti, G., Garonna, A.P., Ercolano, M., Lanzotti, V., 2019.
Metabolomics approach based on NMR spectroscopy and multivariate data
analysis to explore the interaction between the leafminer Tuta absoluta and
tomato (Solanum lycopersicum). Phytochem. Anal. 30 (5), 556–563.

Desneux, N., Luna, M.G., Guillemaud, T., Urbaneja, A., 2011. The invasive South
American tomato pinworm, Tuta absoluta, continues to spread in Afro-Eurasia
and beyond: the new threat to tomato world production. J. Pest Sci. 84 (4), 403–
408.

Devonshire, A.L., Williamson, M.S., Moores, G.D., Field, L.M., 1993. Analysis of the
esterase genes conferring insecticide resistance in peach-potato aphid, Myzus
perspicae. Biochem. J. 294, 569–574.

Dhakshinamoorthy, G., 2002. Studies on resistance of tomato against the fruit borer,
Helicoverpa armigera (Hubner). M.Sc. (Ag.) Thesis, Annamalai University, India,
2002.

Duffey, S.S., Stout, M.J., 1996. Antinutritive and toxic components of plant defense
against insects. Arch. Insect Biochem. Physiol. 32 (1), 3–37.

Duncan, D.B., 1955. Multiple range and multiple F tests. Biometrics. 11 (1), 1.
https://doi.org/10.2307/3001478.

El-Saadony, M.T., Abd El-Hack, M.E., Swelum, A.A., Al-Sultan, S.I., El-Ghareeb, W.R.,
Hussein, E.O.S., Ba-Awadh, H.A., Akl, B.A., Nader, M.M., 2021a. Enhancing quality
and safety of raw buffalo meat using the bioactive peptides of pea and red
kidney bean under refrigeration conditions. Ital. J. Anim. Sci. 20 (1), 762–776.

El-Saadony, M.T., Khalil, O.S., Osman, A., Alshilawi, M.S., Taha, A.E., Aboelenin, S.M.,
Shukry, M., Saad, A.M., 2021b. Bioactive peptides supplemented raw buffalo
milk: biological activity, shelf life and quality properties during cold
preservation. Saudi J. Biol. Sci. 28 (8), 4581–4591.

El-Saadony, M. T., Saad, A. M., Taha, T. F., Najjar, A. A., Zabermawi, N. M., Nader, M.
M., AbuQamar, S. F., El-Tarabily, K. A., Salama, A., 2021c. Selenium
nanoparticles, from Lactobacillus paracasei HM1 capable of antagonizing
animal pathogenic fungi, as a new source from human breast milk. Saudi J.
Biol. Sci. In press doi:10.1016/j.sjbs.2021.07.059.

El-Tarabily, K. A., El-Saadony, M. T., Alagawany, M., Arif, M., Batiha, G. E., Khafaga, A.
F., ... & Abd El-Hack, M. E., 2021. Using essential oils to overcome bacterial
biofilm formation and their antimicrobial resistance. Saudi J. Biol. Sci. 28:5145–
5156. doi:10.1016/j.sjbs.2021.05.033.

Enan,M.R., 2006.Application of randomamplifiedpolymorphicDNA (RAPD) todetect
the genotoxic effect of heavy metals. Biotechnol. Appl. Biochem. 43, 147–154.

EPPO, 2019. EPPO global database, https: //gd. eppo. int/ taxon/ GNORAB/ hosts,
(23/04/2019).

Erb, M., Reymond, P., 2019. Molecular interactions between plants and insect
herbivores. Annu. Rev. Plant Biol. 70 (1), 527–557.

Fink, R.C., Scandalios, J.G., 2002. Molecular evolution and structure function
relationships of the superoxide dismutase gene families in Angiosperms and
their relationship to other eukaryotic and prokaryotic superoxide dismutases.
Arch. Biochem. Biophys. 399 (1), 19–36.

Ghaderi, S., Fathipour, Y., Asgari, S., 2017. Susceptibility of seven selected tomato
cultivars to Tuta absoluta (Lepidoptera: Gelechiidae): implications for its
management. J. Econ. Entomol. 110 (2), 421–429.

Gharekhani, G.H., Salek-Ebrahimi, H., 2014a. Evaluating the damage of Tuta absoluta
(Meyrick) (Lepidoptera: Gelechiidae) on some cultivars of tomato under
greenhouse condition. Arch. Phytopathol. Plant Protect. 47 (4), 429–436.

Gharekhani, G.H., Salek-Ebrahimi, H., 2014b. Life table parameters of Tuta absoluta
(Lepidoptera: Gelechiidae) on different varieties of tomato. J. Econ. Entomol.
107 (5), 1765–1770.

Hammerschmidt, R., Nuckles, E.M., Kuc, J., 1982. Association of enhanced
peroxidase activity with induced systemic resistance of cucumber to
Colletotrichum lagenarium. Physiol. Plant Pathol. 20, 73–82.

Hassanin, A.A., Saad, A.M., Bardisi, E.A., Salama, A., Sitohy, M.Z., 2020. Transfer of
anthocyanin accumulating delila and rosea1 genes from the transgenic tomato
micro-tom cultivar to moneymaker cultivar by conventional breeding. J Agric.
Food Chem. 68 (39), 10741–10749.

Hemingway, J., 2000. The molecular basis of two contrasting metabolic mechanisms
of insecticide resistance. Insect Biochem. Mol. Biol. 30, 1009–1015.

Ingegno, B.L., Candian, V., Tavella, L., 2017a. Behavioural study on host plants shared
by the predator, Dicyphus errans and the prey Tuta absoluta. Acta Hortic. 1164,
377–382.

Ingegno, B.L., Candian, V., Tavella, L., 2017b. The potential of host plants for
biological control of Tuta absoluta by the predator. Dicyphus errans. Bull.
Entomol. Res. 107 (3), 340–348.

Mahfouze, S.A., Khattab, E., Gadalla, N., 2012. Resistance of faba bean accessions to
Bean yellowmosaic virus and Broad bean stain virus. Afr. J. Plant Sci. Biotechnol.
6 (1), 60–65.

Malick, C.P., Singh, M.B., 1980. Plant enzymology and histo enzymology. Kalyani
Publishers, New Delhi, p. 286.

Mansour, R., Schuster, D.J., Cordero, R., Toapanta, M., 2018. Occurrence, biology,
natural enemies and management of Tuta absoluta in Africa. Entomol. Generalis
38, 83–112.

McKenzie, C.L., Shatters Jr, R.G., Doostdar, H., Lee, S.D., Inbar, M., Mayer, R.T., 2002.
Effect of geminivirus infection and Bemisia infestation on accumulation of
2910
pathogenesis-related proteins in tomato. Arch. Insect Biochem. Physiol.:
Published in Collaboration with the Entomological Society of America 49 (4),
203–214.

Megido, R.C., Brostaux, Y., Haubruge, E., Verheggen, F.J., 2013. Propensity of the
tomato leafminer, Tuta absoluta (Lepidoptera: Gelechiidae), to develop on four
potato plant varieties. Am. J. Potato Res. 90 (3), 255–260.

Miranda, M.M.M., Picanço, M., Zanuncio, J.C., Guedes, R.N.C., 1998. Ecological life
table of Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae). Biocontrol Sci.
Technol. 8 (4), 597–606.

Mohammed, E.S.I., 2015. Host plants record for tomato leaf miner, Tuta absoluta
(Meyrick) in Sudan. EPPO Bull. 45, 108–111.

Quecini, V., Lopes, M.L., Pacheco, F.T., Ongarelli, M.D.G., 2007. Tomato spotted
wilt virus triggers specific and shared defense mechanisms in
hypersensitive and susceptible Solanaceae hosts. Physiol. Mol. Plant
Path. 70, 189–197.

Quiroga, M., Guerrero, C., Botella, M.A., Barceló, A., Amaya, I., Medina, M.I.,
Valpuesta, V., 2000. A tomato peroxidase involved in the synthesis of lignin
and suberin. Plant Physiol. 122, 1119–1128.

Ranganna, S., 1976. Handbook of analysis and quality control for fruits and
vegetable products. (2Edn), pp. 545. Tata Mc. Graw Hill publishing Co. Ltd. New
Delhi.

Rath, L.K., Nayak, V.S., 2007. Biochemical basis of resistance in some selected
tomato varieties to tomato fruit borer. J. Plant Prot. Environ. 4 (1), 75–77.

Reichle, D.E., Goldstein, R.A., Van Hook Jr, R.I., Dodson, G.J., 1973. Analysis of insect
consumption in a forest conopy. Ecology 54 (5), 1076–1084.

Romeo, J.T., Saunders, J.A., Barbosa, P., 1996. Phytochemical Diversity and
Redundancy in Ecological Interactions. Plenum Press, New York.

Rubio, M.C., Gonzalez, E.M., Minchin, F.R., Webb, K.J., Arrese-Igor, C., Ramos, J.,
Becana, M., 2002. Effects of water stress on antioxidant enzymes of leaves and
nodules of transgenic alfalfa overexpressing superoxide dismutases. Physiol.
Plant 115, 531–540.

Saad, A.M., Elmassry, R.A., Hamed, A.S., Wahdan, K.M., Ramadan, M.F., 2016.
Characterization of composition, antioxidant potential and microbial organisms
upon submerged Cicer arietinum fermentation. J. Food Measu. Charact. 10 (2),
319–326.

Saad, A. M., El-Saadony, M. T., El-Tahan, A. M., Sayed, S., Moustafa, M. A., Taha, A. E.,
... & Ramadan, M. M., 2021c. Polyphenolic extracts from pomegranate and
watermelon wastes as substrate to fabricate sustainable silver nanoparticles
with larvicidal effect against Spodoptera littoralis. Saudi J. Biol. Sci. 28(10), 5674-
5683.

Saad, A.M., El-Saadony, M.T., Mohamed, A.S., Ahmed, A.I., Sitohy, M.Z., 2021b.
Impact of cucumber pomace fortification on the nutritional, sensorial and
technological quality of soft wheat flour-based noodles. Int. J. Food Sci. Technol.
2021 (56), 3255–3268.

Saad, A.M., Mohamed, A.S., El-Saadony, M.T., Sitohy, M.Z., 2021a. Palatable
functional cucumber juices supplemented with polyphenols-rich herbal
extracts. LWT - Food Sci. Technol. 148, 111668.

Saad, A.M., Sitohy, M.Z., Ahmed, A.I., Rabie, N.A., Amin, S.A., Aboelenin, S.M., El-
Saadony, M.T., 2021d. Biochemical and functional characterization of kidney
bean protein alcalase-hydrolysates and their preservative action on stored
chicken meat. Molecules 26, 4690. https://doi.org/
10.3390/molecules26154690.

Selvanarayanan, V., 2000. Host Plant resistance in tomato against fruit borer,
Helicoverpa armigera (Hubner). Ph.D. Thesis, Annamalai University, India.

Selvanarayanan, V., Narayanasamy, A., 2006. Factors of resistance in tomato
accessions against the fruit worm, Helicoverpa armigera (Hubner). Crop
Protect. 256 (25), 1075–1079.

Singleton, V.L., Orthofer, R., Lamuela-Raventós, R.M., 1999. Analysis of total phenols
and other oxidation substrates and antioxidants by means of Folin-Ciocalteu
reagent. Methods Enzymol. 299, 152–178.

Somogyi, M., 1952. Determination of reducing sugars by Nelson-Somogyi method. J.
Biol. Chem. 200, 245.

Trevisan, M.T.S., Scheffer, J.J.C., Verpoorte, R., 1997. Effect of elicitation on the
peroxidase activity in some cell suspension cultures of hop, Humulus lupulus.
Plant cell, tissue and organ cult. 48 (2), 121–126.

Trevisan, M.T.S., Scheffer, J.J., Verpoorte, R., 2003. Peroxidase activity in hop plants
after infestation by red spider mites. Crop Prot. 22, 423–424.

Vallejos, C.E., 1983. Enzyme activity staining in isozymes in plant. In: Genetics and
Breeding. Part A Tonskley, SD, Drton TJ (eds.), Amsterdam. 469 pp.

Verheggen, F., Fontus, R.B., 2019. First record of Tuta absoluta (Meyrick)
(Lepidoptera: Gelechiidae) in Haiti. Entomol. Generalis 38, 349–353.

Walsh, J., McClelland, M., 1990. Genomic fingerprinting using arbitrary primed PCR
and a matrix of pairwise combination of primers. Nucleic Acids Res. 18, 7213–
7218.

Welinder, K.G., 1992. Superfamily of plant, fungal and bacterial peroxidase. Curr.
Opin. Struct. Biol. 2, 388–393.

Williams, J.G.K., Kubelik, A.R., Livak, K.J., Rafalski, J.A., Tingey, S.V., 1990. DNA
polymorphisms amplified by arbitrary primers are useful as genetic markers.
Nucleic Acids Res. 18, 6531–6535.

http://refhub.elsevier.com/S1319-562X(22)00025-0/h0085
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0085
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0085
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0085
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0090
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0090
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0090
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0090
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0095
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0095
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0095
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0105
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0105
https://doi.org/10.2307/3001478
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0115
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0115
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0115
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0115
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0120
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0120
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0120
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0120
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0135
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0135
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0145
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0145
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0150
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0150
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0150
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0150
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0155
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0155
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0155
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0160
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0160
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0160
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0165
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0165
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0165
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0170
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0170
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0170
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0175
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0175
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0175
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0175
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0180
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0180
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0185
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0185
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0185
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0190
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0190
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0190
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0195
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0195
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0195
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0200
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0200
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0205
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0205
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0205
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0210
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0210
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0210
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0210
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0210
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0215
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0215
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0215
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0220
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0220
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0220
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0225
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0225
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0230
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0230
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0230
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0230
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0235
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0235
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0235
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0245
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0245
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0250
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0250
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0255
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0255
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0260
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0260
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0260
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0260
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0265
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0265
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0265
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0265
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0275
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0275
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0275
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0275
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0280
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0280
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0280
https://doi.org/10.3390/molecules26154690
https://doi.org/10.3390/molecules26154690
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0295
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0295
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0295
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0300
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0300
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0300
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0310
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0310
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0315
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0315
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0315
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0320
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0320
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0335
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0335
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0340
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0340
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0340
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0345
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0345
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0350
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0350
http://refhub.elsevier.com/S1319-562X(22)00025-0/h0350

	Biochemical and molecular diagnosis of different tomato cultivars susceptible and resistant to Tuta absoluta (Meyrick) infestation
	1 Introduction
	2 Materials and methods
	2.1 Tomato host plant
	2.2 Biochemical characterization
	2.2.1 Total proteins
	2.2.2 Peroxidase activities
	2.2.3 Total phenols
	2.2.4 Reducing sugars
	2.2.5 Lycopene pigment
	2.2.6 Native- PAGE for peroxidase isozymes

	2.3 Molecular diagnosis (RAPD- PCR)
	2.3.1 DNA extraction
	2.3.2 DNA amplification cycles
	2.3.3 Band analysis

	2.4 Statistical analysis

	3 Results
	3.1 Biochemical characterization
	3.1.1 Total proteins
	3.1.2 Peroxidase activities
	3.1.3 Total phenols
	3.1.4 Reducing sugars
	3.1.5 Lycopene
	3.1.6 Native- PAGE for POD isozymes

	3.2 Correlation between some biochemical constituents in leaves and fruits tomato and T. Absoluta infestation.
	3.3 Moecular diagnosis (RAPD- PCR)

	4 Discussions
	5 Conclusions
	Funding
	Declaration of Competing Interest
	References


