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ABSTRACT:

Tomato leaf miner Tuta absoluta (Meyrick) is a highly destructive and invasive pest affecting tomato and other
Solanaceae crops, causing severe economic damage. A comprehensive investigation into the presence of the tomato
leaf miner T. absoluta was undertaken in this study via a field survey across tomato cultivation zones throughout all
districts of Duhok Governorate in the Kurdistan Region of Iraq from July to September 2022. Instances of T. absoluta
infestation were documented in Zakho, Amadiya, Summel, Dohuk, Shekhan, Agrah, and Bardarash districts. The
collected moths were described morphologically depending on the phenotypic characteristics and features of the male
genitalia; the phallus was cylindrical; the valva was weakly curved and covered with long setae. The apex of the uncus
extends almost to the tip of the valve. They were also confirmed at the molecular level through PCR analysis using
mitochondrial cytochrome ¢ oxidase subunit I (COIl) as a molecular marker. The sequences of the mtCOI gene of T.
absoluta specimens were analyzed and compared with the available COI sequence data members from GenBank. All
studied specimens of T. absoluta were clustered together in a single group with a high support value, suggesting the

presence of high homogeneity in the T. absoluta specimens. This work represents the first attempt at molecular

identification of obtained specimens of T. absoluta in Irag.
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1- INTRODUCTION

The tomato leaf miner (TLM), Tuta absoluta (Meyrick,
1917) (Lepidoptera: Gelechiidae) is one of the most serious pests
attacking tomatoes in many tomato-producing locations across
the world, both in open fields and greenhouses (Desneux et al.,
2010). The pest T. absoluta was described for the first time by
Meyrick in 1917 from a single adult male captured in Peru. Ever
since, it has been steadily spreading throughout South America
until 2006, when it was reported for the first time in Castellon,
eastern Spain (Urbaneja et al., 2007) when its spread began to
expand to the countries of the Mediterranean basin and Europe
(Potting, 2009). Currently, it is reported in 14 Latin America and
the Caribbean countries, 38 European countries, 34 African
countries, and 25 Asian countries (Lata et al, 2024). The tomato

leaf miner was introduced to Iraq less than a decade and a half
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ago, where it was detected for the first time in the autumn of 2010
in the Rabia region of Nineveh province (Abdul Razaq et al.,
2010). Although the tomato crop is the main host of the tomato
leaf miner, it attacks many crops and weeds belonging to the
Solanaceae family (Lietti et al., 2005; Bloem and Spaltenstein,
2011).

As well as some plants belonging to Convolvulaceae,
Fabaceae, Amaranthaceae, and Cucurbitaceae families (Abdul-
Rassoul, 2014; Mohamed et al., 2015; Portakaldal et al.,2017).
The tomato leaf miner can cause significant economic losses to
tomato crops unless managed properly. According to Assaf et
al. (2013, 2015), even though farmers implemented pest
management strategies weekly and relied heavily on insecticides
to control tomato leaf miners, the infection rate ranged between
72 and 100 percent in some districts of Dohuk Governorate. Ali

(2023) also indicated that the percentage of fruits infected with
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this pest in some areas of Nineveh Governorate in 2022 was up
to 25 percent. The economic impact of T. absoluta includes direct
harm to tomato leaves and fruits, decreased crop production, and
higher expenses for control measures (Han et al., 2019). Oztemiz
(2014) illustrated that Turkey expends roughly US$180 million
each year on chemical treatments for T. absoluta, whereas in Iran,
annual crop losses due to T. absoluta amount to approximately
US$35 million (Han et al., 2019). Generally, the larvae of this
pest mostly feed on the mesophyll layer inside the host leaves.
Still, under significant infestation, they can also pierce through
the fragile stems, buds, flowers, and fruits, leaving obvious
surface holes in the fruits. Additionally, the infestation of
secondary pathogens through the wounds caused by the pest also
contributes to damage (Mirza, 2014).

The ability of this pest to adapt to new biotic and abiotic
factors enabled it to successfully spread over a wide geographical
area (Cifuentes et al., 2011). According to numerous studies,
most species' population genetic structure and molecular
diversity may change in new habitats; this has been observed
clearly in several invasive species (Hoos et al., 2010; Rubinoff et
al., 2011). Since mitochondrial DNA has strict maternal
inheritance and no genetic recombination, it is typical for
examining the genetic structure of populations and tracing the
history of variations in organisms (Trewick, 2000; Gissi et al.,
2008; Shashank et al., 2014; Sarma et al., 2016). Molecular
characterization and DNA barcoding are an exemplary
taxonomic method that uses a short genetic marker in an insect's
DNA to recognize a species. (Jalali et al., 2015). Furthermore,
DNA (mtDNA) for

mitochondrial is an excellent tool

determining variations within and among populations. (Vogler et
al. 1993; Margam et al. 2011). Studying the genetic variation of
the invasive pest T. absoluta is essential for developing effective
Integrated Pest Management (IPM) programs (Bettaibi et al.,
2012). caused significant economic losses in both open and
protected fields (Abdul-Rassoul, 2014).

Despite the rapid spread of T. absoluta throughout the
tomato growing areas in greenhouses and open fields and its well-
establishment in Iraq (Abdul-Rassoul, 2014), limited research
work has been done on it; additionally, there is no molecular
study has been done on it in Irag. This study aimed to conduct a
field survey including all districts of Dohuk Governorate to
collect T. absoluta samples to describe it phenotypically and
study the molecular identification and genetic relationship among
samples using mitochondrial Cytochrome C oxidase (COI) as a

molecular marker.

2- MATERIAL AND METHODS

Study Area

This survey was conducted in the seven districts that belong
to Dohuk Governorate in the Kurdistan Region of Iraq in 2022 to
identify the areas that cultivate tomatoes. Accordingly, eight
tomato-planting fields from seven districts were chosen (Table
1). The actual field survey began from July to September. One to
three dunums were randomly chosen from each district based on
the agricultural area as experimental units for collecting samples
(insects). Water pan traps with pheromone lures were used to
detect the tomato leaf miner pest with one trap/dunum (Zink et

al., 2020). The pheromone lures were replaced monthly.

Table 1: Survey locations of tomato leaf miner, T. absoluta in the Dohuk Governorate.

Subdistrict Districts Latitude-Longitude Experiment area
Chamishku Zakho 37°11'38.0"N 42°39'55.0"E Three Dunums
Sersink Amadiya 36°59'46.2"N 43°16'37.2"E One Dunum
Khanke Summel-1 36°47'49.6"N 42°48'00.3"E Three Dunums
Sharya Summel-2 36°49'09.3"N 42°55'33.8"E Three Dunums
Zawita Dohuk 36°56'56.9"N 43°05'40.3"E One Dunum
Ba'adra Shekhan 36°40'28.5"N 43°13'49.4"E Three Dunums
Denarta Agrah 36°47'29.1"N 43°59'12.6"E One dunum
Rovia Bardarash 36°38'06.3"N 43°42'10.2"E One dunum

Sampling Collection and storage

The samples of infected leaves were collected and
individually packed in labeled plastic bags, then transported to

the laboratory for rearing to obtain insect stages and diagnose

them morphologically. The alive moths captured with
pheromone traps were placed into plastic tubes labeled with the
date and locations from which they were collected. The tubes
were kept in a refrigerator at 4 °C for further molecular

identification. (Zink et al., 2020; Mukwa et al.,2021).
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Morphological Identification

The tomato leaf miner was identified morphologically
based on the phenotypic characteristics of the adults and the
shape of the male genitalia. The adult abdomen was carefully
removed and then macerated in 10% KOH for about 15 minutes.
The male genitalia were extracted and examined under a
microscope (ToSevski et al., 2011). Only the shape of the male
genitalia gives a precise definition of this species (Ramos, 2015;
Karlsson et al., 2018). The valve, uncus, and phallus shapes were
studied as the most appropriate characters for T. absoluta
recognition (Chang et al.,2021).

Molecular Identification (Genomic DNA extraction, PCR
analysis, and DNA sequencing)

Extraction of genomic DNA for selected sample populations
of moth (T. absoluta) adults/site was performed using Jena
Bioscience Kit (Cat #PP-208S) according to the manufacturer's
instructions after grounding samples (8-10 adults) with liquid
nitrogen. The concentration and purity of each DNA sample were
determined using NanoDrop. Mitochondrial cytochrome c
oxidase subunit I gene (COI) was amplified using one pair of COI
primer. Master-mix was prepared for eight samples populations
of moth (T. absoluta) isolates plus control in each test. The
amplification reaction consists of 25ul as the final volume for
each sample containing 12.5 pl of master mix, 1ul of each primer
(10 pmol/ul) (LCO1490) 5°-
GGTCAACAAATCA TAAAGATATTGG-3’
primer (HCO2198) 5’-
TAAACTTCAGGGTGACCAAAAAATCA-3’, 4ul of genomic
DNA (25 ng/ pl) and 6.5 pl of sterile deionized distill water

including forward primer

and reverse

(Folmer et al., 1994). This work has been done in the Scientific
Research Center/ College of Science/ Dohuk University. For
DNA sequences, the amplification PCR product of the COI gene
(25 ul) was prepared for eight samples. Raw sequences were
visualized using Chromas 3.5V software to generate the coting of
each target gene using forward and reverse sequences. The
sequences of the COIl gene of T. absoluta samples were
confirmed through BLAST in the GenBank database in
the National Centre of Biotechnology Information (NCBI)
(http://www.ncbi.nlm.nih.gov/). Moreover, additional sequences
of COI of T. absoluta of different regions of the world were
obtained from the GenBank database. The phylogenetic tree
studied the population samples of T. absoluta collected from

various locations in Duhok Governorate and compared with other

sequences of T. absoluta at neighbor countries available in the
Genbank by using software MEGA 11 for neighbor-joining (NJ)
multiple alignments (Tamura et al., 2021). Symmetrischema
lectulifera (KY951829) was used as an outgroup (Mehrkhou et
al., 2021).

3. RESULTS AND DISCUSSION

Morphological study

The collected tomato leaf miner samples were identified
depending on morphology; the male and female length was
around 5.6 and 6.4 mm, respectively, and 10.3 and 10.7 mm in
the wingspan, respectively. The general color of the adult is
silvery grey to brown with dark patches on the front wing. The
antennae are filiform, covered with alternating rows of black and
brown scales. The labial palpi consist of three prominent, up-
curved segments, with the apical segment long and acute. The
male’s abdominal color is grey, and its end is round and covered
with a dense row of cream-colored scales, while the female's
abdominal color is cream, and its end is tapered with two rows of
scales on either side of the end of the abdomen. The phallus of
male genitalia is cylindrical and has an inflated coecum; the valva
is weakly curved and covered with long setae. The apex of the
uncus extends almost to the tip of the valve (Fig. 1 and 2; A).
These results were found to be consistent with the results and
characteristics used to diagnose adults of T. absoluta by Hayden
et al. (2013) and Karlsson et al. (2017).

The insect egg is cylindrical-shaped, creamy white to
yellow, and the egg chorion has an engraving in the form of an
unequal-sided pentagon (Fig. 2; B). Arati et al. (2018) indicated
that the egg chorion of T. absoluta has a net-like pattern that gives
a taxonomic characteristic for distinguishing the egg of this pest.
The fully-grown larva is bluish-green to light pink with a brown
head. The prothoracic shield is pale, with dark shading along the
posterior margin. The pupa is cylindrical and green, later
becoming dark brown. The female pupa has a short longitudinal
suture in the middle of the eighth abdominal segment on its
ventral side, whereas, in the male pupa, the suture is found in the
middle of the ninth abdominal segment. This is consistent with
the results of Sannino and Espinosa (2010). Moreover, the results
of this morphological study in identifying T. absoluta were
identical to the results of the Iraq Natural History Research

Center and Museum.
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Molecular Identification determined at an average of 514.6 ng/ul with purity (1.9). All

For molecular analysis, the concentration of genomic DNA  samples were successfully amplified PCR products with a

molecular weight of approximately.

for selected eight sample populations of T. absoluta was

0.21

Figure. 1: Genitalia of the male tomato leaf miner (T.absoluta). VI =valva; Un=uncus; A.sp=apical spine
of the phallus; Cp=corpus phallus; Cc=caecum.

Figure. 2: Shows the stages of tomato leaf miner. A= Adult, B= The engraving is in the form of an unequal-sided pentagon on the

710 bp, as shown in Figure (3). The sequence fragments were
trimmed with 638 bp for each sample to a uniform length that
corresponded with the region used to identify the target COl gene
to ensure the identification of the genus. They were confirmed
through BLAST in the NCBI database GenBank. Obtained
sequences were submitted in the GenBank with accession
numbers as follows: (PP526751) Zakho, (PP526752) Amadiya,
(PP526753, PP526754) (PP526755)  Duhok,
(PP526756) Shekhan, (PP526757) Agrah, and (PP526758)

Bardarash district, respectively as the first records in Iraqg.

Summel,

€gg.

Many DNA markers like mtDNA, RAPD, AFLP,
microsatellites, and ESTs are widely used in insect genetics
research. The choice to select the marker system usually depends
on the specific goals of the study (Behura, 2006). Traditionally,
mitochondrial DNA (mtDNA) has been a choice marker for
studying genetic variations in insect species (Zhaoke et al.,
2021). It has been demonstrated as a highly informative and

marker for levels

useful
(Mehrkhou et al., 2021)

estimating inter-intra-specific

IO00
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1000

7OO
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Figure 3: The result of the amplification product of PCR analysis with 710 bp of COI gene marker using Agarose gel
electrophoresis with the concentration of 1% Agarose and run on 8-5V/CM, line C is a negative control.
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Based on the sequence samples obtained in this study, the
relationship between them and the results available in the
GeneBank was found, as shown in Figure 4. The evolutionary
history was inferred using the UPGMA method (Sneath asd
Sokal 1973). The optimal tree is shown. The tree is drawn to
scale, with branch lengths in the same units as those of the
evolutionary distances used to infer the phylogenetic tree (Figure
4). The evolutionary distances were computed using the
Maximum Composite Likelihood method (Tamura and Kumar
2004) and are in the units of the number of base substitutions per
site. This analysis involved 14 nucleotide sequences. Codon
All

ambiguous positions were removed for each sequence pair

positions included were 1st+2nd+3rd+Noncoding.
(pairwise deletion option). There were a total of 708 positions in
the final dataset. Evolutionary analyses were conducted in
MEGAL11 (Tamura et al, 2021). Phylogenetic analysis of the
present study (Figure 4) showed there are six clusters as follows:
The first cluster includes the accession numbers MK189156.1
from Nigeria, OM230176.1 from India, MK116968.1 from
Senegal, and PP526756.1:3-681 from Shekhan-Irag.

The second cluster includes the accession numbers PP526752.1
from Amadiya, Iraq, and PP526757.1 from Agrah, Irag.

The third cluster includes the accession numbers PP526755.1
from Duhok, Iraq; PP526758.1 from Bardarash, Irag; and
MW?714930.1 from Saudi Arabia.

T T T
0.00080 0.00040 0.000z0

The fourth clusters include the accession numbers PP526754.1
from Summel (Sharya)-lrag, MZ475335.1 from France, and
MZ475336.1 from Algeria.

The fifth cluster includes the accession number PP526751.1 from
Zakho- Irag.

The sixth cluster includes the accession number PP526753.1
from Summel (Khanke)-Irag.

Also, there are inter-lapping among these clusters.

This demonstrates the genetic diversity among T. absoluta
populations, which was collected from eight different locations
in Duhok Governorate, indicating no high genetic homogeneity
among them. Similarly, a study on Tunisian T. absoluta resulted
in high genetic diversity and significant differentiation between
populations (Bettaibi et al., 2012). Guillemaud et al. (2015)
reported that the native population of T. absolute in South
America is far from genetically homogeneous based on
microsatellite markers and illustrated the source of the invasive
population with the hypothesis of single versus multiple
introductions. In addition, eight Brazilian populations of T.
absoluta showed differences in the population's responses to
insecticides as well as host plants (Suinaga et al., 2004).

MK189156.1 Nigeria

OM230176.1 India

MK116968.1 Senegal

PP526756.1:3-681 Tuta absoluta Shekhan-Iraq
PP526752.1 Tuta absoluta Amadiya-lraq
PP526757.1 Tuta absoluta Aqrah-Iraq
PP526755.1 Tuta absoluta Duhok-raq
PP526758.1 Tuta absoluta Bardarash-Iraq
MW714930.1 Saudi Arabia

PP526754.1 Tuta absoluta Summel (Sharya)-lraq
MZ475335.1 France

MZ475336.1 Algeria

PP526751.1 Tuta absoluta Zakho- Iraq

PP526753.1 Tuta absoluta Summel{Khanke)-Iraq

0.00000

Figure (4): The phylogenetic relationships among fourteen specimens of T. absoluta, based on their COl genes

deposited in GenBank, including their evolutionary taxa.
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On the other hand, Cherif et al. (2017) found high genetic
homogeneity using mtCOl sequences of seven Tunisian
populations of T. absoluta and concluded that this was introduced
from a single source in Tunisia. In addition, high genetic
homogeneity was observed in T. absoluta samples collected from
five locations in India and one from Nepal based on the mtCOI
analysis (Shashank et al., 2018).

Based on the above, this genetic diversity indicates that the
pest was introduced from different sources into Iraq through the
import of tomato crops from different countries. It is worth
noting, the first recorded instance of this pest in lirag was in 2010.
It was found near Rabia (Ninawa Governorate, northern part of
Razzak, 2010).
However, no molecular identification of this pest has been

the country neighbouring Syria) (Abdul

conducted until now.

This is the first molecular study, and the first new record of
eight population samples collected from different locations in
Duhok Province submitted to GenBank. Furthermore, the
outcome of this study would be vital for future research on this

insect pest.

CONCLUSION

The current research identified the pest T. absoluta
morphologically and confirmed it at the molecular level in
Duhok Governorate/lraq. These references were recorded in
Gene Bank. The genetic relationship among our samples shows
the absence of genetic variation between populations across
different districts of our region and with other countries. In Iraq,
this is the first attempt to record of T. absoluta in gene bank, we
hope that our work will be vital for future scientific research on
this insect pest and open a new door in the use of molecular

techniques for new invasive pest detection in our country.

REFERENCES

Abdul Razzak, A.S.; Al-Yasiri, . I. and Fadhil, H.Q. (2010). First
record of tomato borer (tomato moth) Tuta absoluta
(Meyrick) (Lepidoptera: Gelechiidae) on tomato crop in
Irag. Arab and Near East Plant Protection Newsletter. no.
51, p 31. https://gd.eppo.int/reporting/article-190

Abdul-Rassoul, M. S. (2014). A new host record for tomato leaf
miner Tuta absoluta (Meyrick, 1917) in Baghdad
province, Irag. Bulletin of the Iraq Natural History
Museum,13(1),15-18.
https://jnhm.uobaghdad.edu.ig/index.php/BINHM
[article/view/87

Ali, N. S (2014). The Use of Some Integrated Pest Management
Methods to Control The Tomato Leaf Miner Tuta
absoluta Meyrick (Lepidoptera:Gelechiidae). M.Sc.
Thesis,118p.

Arati, J., Thapa, R.B. and Dharmendra, K. (2018). Integrated
management of South American tomato leaf miner [Tuta

absoluta (Meyrick)]: a review. Journal of The Plant
Protection Society, 5: 70 -  86. DOl:
https://doi.org/10.3126/jpps.v5i0.37759

Assaf, L. H., Hassan, F. R., Ismael, H. R., & Saeed, S. A. (2013).
Population density of tomato leaf miner Tuta absoluta
Meyrick (Lepidoptera: Gelechiidae) under plastic houses
conditions (b). IOSR Journal of Agriculture and
Veterinary  Science, 5, 7-10._  https://doi.org/
10.9790/2380-0540710

Assaf, L. H., Hassan, F. R., Rasheed, H. I., Sadig, M. A., Ismael,
R. M., Ahmed, M. S., & Salih, F. M. (2015). Occurrence
of Tomato Leaf Miner Tuta absoluta Meyrick
(Lepidoptera: ~ Gelechiidae) in  Duhok  Region
(A). Science Journal of University of Zakho, 3(1). P:79-
87. https://doi.org/ 10.25271/2015.3.1.280

Behura, S. K. (2006). Molecular marker systems in insects:
current trends and future avenues. Molecular
ecology, 15(11), 3087-3113.

Bettaibi, A., Mezghani-Khemakhem, M., Bouktila, D., Makni,
H., & Makni, M. (2012). Genetic variability of the tomato
leaf miner (Tuta absoluta Meyrick; Lepidoptera:
Gelechiidae), in Tunisia, inferred from RAPD-
PCR. Chilean journal of agricultural research, 72(2),
212.http://dx.doi.org/10.4067/S07185839201200020000
8

Bloem, S., & Spaltenstein, E. (2011). New Pest Response
Guidelines Tomato Leafminer (Tuta absoluta). United
States Department of Agriculture (USDA), 176 p.
https://tsusinvasives.org/dotAsset/bad1054d-d934-45f8-
803b-937525694 4f4

Chang, P. E. C., & Metz, M. A. (2021). Classification of Tuta
absoluta (Meyrick, 1917) (Lepidoptera: Gelechiidae:
Gelechiinae: Gnorimoschemini) based on cladistic
analysis  of  morphology. Proceedings of  the
entomological Society of Washington, 123(1), 41-54.
https://doi.org/10.4289/0013-8797.123.1.41

Cherif, A., Glaucia, M., Wiem, H., Barhoumiattia, S., Hausmann,
A., & Lebdi-Grissa, K. (2017). Some remarks on the

genetic uniformity of Tuta absoluta
(Meyrick)(Lepidoptera: Gelechiidae). Journal of
Entomology and Zoology studies, 5(3), 1380-1382.

https://www.entomoljournal.com/archives/2017/vol5iss
ue3/PartS/5-3-20-998.pdf

Cifuentes, D., Chynoweth, R., & Bielza, P. (2011). Genetic study
of Mediterranean and South American populations of
tomato  leafminer  Tuta  absoluta  (Povolny,
1994)(Lepidoptera: Gelechiidae) using ribosomal and
mitochondrial markers. Pest management science, 67(9),
1155-1162. https://doi.org/10.1002/ps.2166

Desneux , N.; Wajnberg , E.; Wyckhuys, K.A.G.; Burgio ,G.
;Arpaia,S. C. A.; Narva'ezVasquez,S.C.A; lez-Cabrera ,
J.G.; Ruescas ,D.C.;Tabone , E.; Frandon , J.; Pizzol J.;
Poncet ,C.; Cabello,T. & Urbaneja,A. (2010). Biological
invasion of European tomato crops by Tuta absoluta:
ecology, geographic expansion and prospects for
biological control. Journal of Pest Science, 83. P:197—
215. https://doi.org/10.1007/s10340-010-0321-6

Folmer, O., Black, M., Hoeh, W., Lutz, R., & Vrijenhoek, R.
(1994). DNA primers for amplification of mitochondrial
cytochrome ¢ oxidase subunit | from diverse metazoan
invertebrates. Mol. Mar. Biol. Biotechnol., 3: 294-
299. Link:https://bit.ly/2x9R9WL .https://doi.org/10.1371
/journal.pone.0013102

Gissi, C., lannelli, F., & Pesole, G. (2008). Evolution of the
mitochondrial genome of Metazoa as exemplified by
comparison of congeneric species. Heredity, 101(4),
301-320. https://doi: 10.1038/hdy.2008.62.

466


https://gd.eppo.int/reporting/article-190
https://jnhm.uobaghdad.edu.iq/index.php/BINHM%20/article/view/87
https://jnhm.uobaghdad.edu.iq/index.php/BINHM%20/article/view/87
https://doi.org/10.3126/jpps.v5i0.37759
http://dx.doi.org/10.4067/S071858392012000200008
http://dx.doi.org/10.4067/S071858392012000200008
https://tsusinvasives.org/dotAsset/bad1054d-d934-45f8-803b-937525694%204f4
https://tsusinvasives.org/dotAsset/bad1054d-d934-45f8-803b-937525694%204f4
https://doi.org/10.4289/0013-8797.123.1.41
https://www.entomoljournal.com/archives/2017/vol5issue3/PartS/5-3-20-998.pdf
https://www.entomoljournal.com/archives/2017/vol5issue3/PartS/5-3-20-998.pdf
https://doi.org/10.1002/ps.2166
https://doi.org/10.1371/journal.pone.0013102
https://doi.org/10.1371/journal.pone.0013102

Al-Mufti and Mirza. / Science Journal of the University of Zakho, 12(4), 461-468 October-December, 2024

Han, P., Bayram, Y., Shaltiel-Harpaz, L., Sohrabi, F., Saji, A.,
Esenali, U. T., ... & Desneux, N. (2019). Tuta absoluta
continues to disperse in Asia: damage, ongoing
management and future challenges. Journal of Pest
Science, 92, 1317-1327. https://doi.org/10.1007/s10340-
018-1062-1

Hayden J, Lee S, Passoa S, Young J, Landry J-F, Nazari V, Mally
R, Somma L, Ahlmark K (2013) Digital Identification of
Micro lepidoptera on Solanaceae. USDA-APHIS-PPQ
Identification Technology Program (ITP) Fort Collins.
http://idtoolsorg/id/leps/micro/

Hoos, P. M., Whitman Miller, A., Ruiz, G. M., Vrijenhoek, R.
C., & Geller, J. B. (2010). Genetic and historical
evidence disagree on likely sources of the Atlantic
amethyst gem clam Gemma gemma (Totten, 1834) in
California. Diversity and Distributions, 16(4), 582-592.
https://doi.org/10.1111/j.1472-4642.2010.00672.x

Jalali, S. K., Ojha, R., & Venkatesan, T. (2015). DNA barcoding
for identification of agriculturally important insects. New
horizons in insect science: Towards sustainable pest
management, 13-23. https://doi.org/10.1007/978-81-
322-2089-3 2

Karlsson, M. F., Sikirou, R., Mama, S. S., Zannou, J. A., &
Georgen, G. (2018). First report of Tuta absoluta
Meyrick (Lepidoptera: Gelechiidae) in the Republic of
Benin. Biolnvasions Records.

Lata, S., Hussain, Z., Yadav, R.K., Jat, G.S., Kumar, P., Tomar,
B.S. (2024). Insights into the Genetic Improvement of
Tomato. In: Tiwari, S., Koul, B. (eds) Genetic
Engineering of Crop Plants for Food and Health Security.
Springer, Singapore.  https://doi.org/10.1007/978-981-
97-3119-0_7

Lietti, M. M., Botto, E., & Alzogaray, R. A. (2005). Insecticide
resistance in argentine populations of Tuta absoluta
(Meyrick)(Lepidoptera: Gelechiidae). Neotropical
Entomology, 34,113119. https://doi.org/10.1590/S15195
66X2005000100016

Margam, V. M., Coates, B. S., Ba, M. N., Sun, W., Binso-Dabire,
C.L.,Baoua, I, ... & Murdock, L. L. (2011). Geographic
distribution of phylogenetically-distinct legume pod
borer, Maruca vitrata (Lepidoptera: Pyraloidea:
Crambidae). Molecular Biology Reports, 38, 893-903.
https://doi.org/10.1007/s11033-010-0182-3

Mehrkhou, Fariba; Glz, Nurper; Korkmaz, Ertan Mahir; And
Cagatay, Naciye Sena (2021) "Analysis of Genetic
Variation in an Important Pest, Tuta absoluta, and Its
Microbiota with a New Bacterial Endosymbiont,”
Turkish Journal of Agriculture and Forestry: Vol. 45: No.
1, Article 10. Https://Doi.Org/ 10.3906/Tar-2006-12

Mirza,M.S.(2014).The Biological Study of Tomato Leaf Miner
Tuta absoluta (Meyrick) and the Biological Effect of
Beauveria bassiana (Bals.)VVuill. M.Sc Thesis, 107p.

Mohamed, E. S. I, Mahmoud, M. E. E., Elhaj, M. A. M,,
Mohamed, S. A., & Ekesi, S. (2015). Host plants record
for tomato leaf miner Tuta absoluta (Meyrick) in
Sudan. EPPOBulletin, 45(1),108-111.
https://doi.org/10.1111/epp.12178

Mukwa, L. F., Mukendi, J., Adakate, F. G., Bugeme, D. M.,
Kalonji-Mbuyi, A., & Ghimire, S. (2021). First report of
the South American tomato pinworm Tuta absoluta
(Meyrick)(Lepidoptera: Gelechiidae) and its damage in
the Democratic Republic of Congo. Biolnvasions
Record, 10(1). https://doi.org/10.3391/bir.2021.10.1.05

Oztemiz, S. 2014. Tuta absoluta Povolny (Lepidoptera:
Gelechiidae), the exotic pest in Turkey. Rom. J. Biol.
Zol. 59: 47-58.

Portakaldali, M., Oztemiz, S., & Kutuk, H. (2017). A new host
plant for Tuta absoluta (Meyrick)(Lepidoptera:

Gelechiidae) in Turkey. Journal of the Entomological
Research Society, 19(1), 21-24.

Potting, R., Van Der Gaag, D. J., Loomans, A., van der Straten,
M., Anderson, H., & MacLeod, A. (2009). Pest risk
analysis, Tuta absoluta, tomato leaf miner moth. Plant
protection  service of the  Netherlands, 28p.
https://www.researchgate.net/publication/341568053

Ramos, C. (2015). Manual para la identificacion de Tuta absoluta
(Meyrick) Lepidoptera: Gelechiidae mediante el
procedimiento de extraccion y montaje de la genitalia.
Manual del laboratorio. Organismo Internacional
Regional De Sanidad Agropecuaria, 1, 7-10.

Rubinoff, D., Holland, B. S., San Jose, M., & Powell, J. A.
(2011). Geographic proximity not a prerequisite for
invasion: Hawaii not the source of California invasion by
light brown apple moth (Epiphyas postvittana). PLoS
One, 6(1), e16361.

Sannino,L and B.Espinosa(2010). Tuta absoluta guida alla
conoscenza e recenti acquisizioi per una corretta difesa.
Supplemento 1 de “L’Informatore Agrario”. 46: 1-110.

Sarma, N. P, Singh, S., Sarma, D. K., Bhattacharyya, D. R,
Kalita, M. C., Mohapatra, P. K., ... & Prakash, A. (2016).
Mitochondrial DNA-based genetic  diversity of
Anopheles nivipes in North East India. Mitochondrial
DNA Part A, 27(6), 4236-4239.

Shashank P.R, Twinkle S, Chandrashekar K, Meshram NM,
Suroshe SS et al. (2018). Genetic homogeneity in South
American tomato pinworm, Tuta absoluta: a new
invasive pest to oriental region. 3Biotech 8 (8): 350. doi:
10.1007/s13205-018-1374-0

Shashank, P.R., Chakravarthy, A. K., Raju, B. R., & Bhanu, K.
R. M. (2014). DNA barcoding reveals the occurrence of
cryptic species in host-associated population of
Conogethes punctiferalis (Lepidoptera:
Crambidae). Applied Entomology and Zoology, 49, 283-
295.

Tamura K, Stecher G, Kumar S. (2021) MEGA11: Molecular
Evolutionary Genetics Analysis Version 11. Mol Biol
Evol. 25;38(7):3022-3027. doi:
10.1093/molbev/msab120. PMID: 33892491; PMCID:
PMC8233496.

Tosevski Ivo, Jovi¢) Elena, Mitrovi¢ Milana, Cvrkovi¢ Tatjana,
Oliver Krsti¢, Krnjaji¢ S., 2011. Tuta absoluta (Meyrick,
1917) (Lepidoptera, Gelechiidae): a New Pest of Tomato
in Serbia, Pestic. Phytomed. (Belgrade), 26(3), 197-204.

Trewick, S. A. (2000). Molecular evidence for dispersal rather
than vicariance as the origin of flightless insect species
on the Chatham Islands, New Zealand. Journal of
Biogeography, 27(5), 1189-1200.

Urbaneja, A., Vercher, R., Navarro-Llopis, V., Porcuna Coto, J.
L., & Garcia-Mari, F. (2007). La polilla del tomate, Tuta
absoluta’. Phytoma Espana: La revista profesional de
sanidad vegetal, (194), 16-23.

Vogler, A. P., Desalle, R., Assmann, T., Knisley, C. B., &
Schultz, T. D. (1993). Molecular population genetics of
the endangered tiger beetle Cicindela dorsalis
(Coleoptera: Cicindelidae). Annals of the Entomological
Society of America, 86(2), 142-152.

Zhaoke Dong, Yangzhou Wang, Chao Li, Lili Li, Xingyuan Men,
Mitochondrial DNA as a Molecular Marker in Insect
Ecology: Current Status and Future Prospects, Annals of
the Entomological Society of America, Volume 114,
Issue4,July2021,Pages470—

476, https://doi.org/10.1093/aesa/saab020

Zink, F. A., Tembrock, L. R., Timm, A. E., & Gilligan, T. M.
(2020). A real-time PCR assay for rapid identification of
Tuta absoluta (Lepidoptera: Gelechiidae). Journal of
Economic Entomology, 113(3), 1479-1485.

467


https://doi.org/10.1007/s10340-018-1062-1
https://doi.org/10.1007/s10340-018-1062-1
http://idtoolsorg/id/leps/micro/
https://doi.org/10.1111/j.1472-4642.2010.00672.x
https://doi.org/10.1007/978-81-322-2089-3_2
https://doi.org/10.1007/978-81-322-2089-3_2
https://doi.org/10.1007/978-981-97-3119-0_7
https://doi.org/10.1007/978-981-97-3119-0_7
https://doi.org/10.1590/S1519566X2005000100016
https://doi.org/10.1590/S1519566X2005000100016
https://doi.org/10.1007/s11033-010-0182-3
https://doi.org/10.1111/epp.12178
https://doi.org/10.3391/bir.2021.10.1.05
https://www.researchgate.net/publication/341568053
https://doi.org/10.1093/aesa/saab020

Al-Mufti and Mirza. / Science Journal of the University of Zakho, 12(4), 461-468 October-December, 2024

Suinaga, F. A, Casali, V. W. D., Picanco, M., & Foster, J. (2004). Tamura K., Nei M., and Kumar S. (2004). Prospects for inferring

Genetic divergence among tomato leafminer populations very large phylogenies by using the neighbor-joining
based on AFLP analysis. Pesquisa Agropecuaria method. Proceedings of the National Academy of
Brasileira, 39, 645-651. Sciences (USA) 101:11030-11035.

Guillemaud, T., Blin, A., Le Goff, I., Desneux, N., Reyes, M., Sneath P.H.A. and Sokal R.R. (1973). Numerical Taxonomy.
Tabone, E., ... & Lombaert, E. (2015). The tomato borer, Freeman, San Francisco.

Tuta absoluta, invading the Mediterranean Basin,
originates from a single introduction from Central Chile.
Scientific Reports, 5(1), 8371.

468



