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Abstract Macrolophus pygmaeus and M. melanotoma (Hemiptera: Miridae) are

biological control agents used in greenhouse crops, the former preferring plants of

the Solanaceae family and the latter the aster Dittrichia viscosa. The discrimination

of these species is of high significance for effective biological pest control, but

identification based on morphological characters of the host plant is not always

reliable. In this study, sequencing analysis of mitochondrial gene segments 12S

rDNA and COI has been combined with crossing experiments and morphological

observations to develop new markers for Macrolophus spp. discrimination and to

provide new data on their genetic variability. This is the first comprehensive

research in Greece on M. pygmaeus and M. melanotoma genetic variability based on

sequencing data from 12S rDNA and COI gene segments. The relationship of this

variability to host plant preference must be investigated in an agricultural

ecosystem.

Keywords Macrolophus spp. � mtDNA � Genetic variability � Sequencing �
Species discrimination

Introduction

The main goals of classical biological control are to introduce and establish natural

enemies that will effectively control pest populations on plants. Better knowledge of

natural enemies and pest groups helps to increase rates of introduction and success
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of biological control agents (Van Driesche et al. 2008). The correct species

classification of a natural enemy is essential for successful application in biological

pest control programs (Gordh and Bearsley 1999).

The genus Macrolophus (Hemiptera: Miridae) consists of several omnivorous

predatory Palaearctic species, among which Macrolophus pygmaeus (Rambur

1839), M. melanotoma (Costa 1853) (= caliginosus Wagner 1951), and M. costalis

Fieber 1858, are used in biological control of crop pests. Macrolophus pygmaeus

has been reported on plants of the Solanaceae family, such as Solanum nigrum L. or

Solanum lycopersicum L. (Solanales: Solanaceae) (Lykouressis et al. 2000; Castañé

et al. 2004), and M. melanotoma is found on Dittrichia viscosa L. (Greuter 1973)

(Asterales: Asteraceae) (Josifov 1992; Alomar et al. 1994; Lykouressis et al. 2000;

Ingegno et al. 2011; Machtelinckx et al. 2012).

The prey catalog of the genus Macrolophus includes many arthropods that are

major pests, such as whiteflies (Trialeurodes vaporariorum Westwood, 1856;

Hemiptera: Aleyrodidae), aphids [Myzus persicae (Sulzer 1776), Hemiptera:

Aphididae], thrips [Frankliniella occidentalis (Pergande 1895), Thysanoptera:

Thripidae], and mites (Tetranychus urticae Koch 1836, Acari: Tetranychidae)

(Malausa and Trottin 1996; Perdikis and Lykouressis 2000; Enkegaard et al. 2001;

Hillert et al. 2002; Margaritopoulos et al. 2003; Blaeser et al. 2004; Vandekerkhove

et al. 2006; Mohd et al. 2009). Macrolophus spp. can also feed either on leaves,

sucking their sap (Hommes and Ter Horst 2002; Margaritopoulos et al. 2003;

Perdikis and Lykouressis 2004), or on pollen or nectar from plants (Perdikis and

Lykouressis 2000; Vandekerkhove and De Clercq 2010; Portillo et al. 2012).

Feeding on alternative food, when prey is not available, supports the predators’

survival for a relatively long period (Perdikis and Lykouressis 2000, 2004; Portillo

et al. 2012). This enhances their establishment on crops and their potential in

biological control (Ehler 1990; Gnanvossou et al. 2005).

Many studies have shown the importance of Macrolophus species as biological

control agents on open (outdoors) or protected (greenhouse) cultivation ecosystems

(Avilla et al. 2004; Perdikis et al. 2008). These species colonize field and

greenhouse crops originating from habitats near the agricultural landscape of the

southern region of the European Mediterranean area (Lykouressis et al. 2000;

Castañé et al. 2004; Gabarra et al. 2004; Perdikis et al. 2011).

Macrolophus pygmaeus and M. melanotoma are characterized by a simple and

similar external morphology. Their classification has been based on the variability

of characters such as body size, the height of the black band-shaped macula behind

the eyes, and the color (totally black or black with a white zone) of the first antennal

segment (FAS). Discrimination of these species based on morphological characters

includes a great number of misconceptions and is considered problematic (Josifov

1992; Perdikis et al. 2003; Martinez-Cascales et al. 2006). Indeed, M. pygmaeus on

tomatoes has been recently misidentified as M. melanotoma, and it was named M.

caliginosus for a long period after this was ascertained by researchers or commercial

producers of beneficial insects (Castañé et al. 2011; Pumarino et al. 2011).

Therefore, identification of the two species based on the host plants in correlation

with their morphological characters does not promote high confidence, as it is also
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known that both morphological types based on FAS color may coexist on the same

host plant.

To resolve taxonomy problems, researchers have applied molecular techniques to

provide additional reliable information (Berlocher 1984; Simon et al. 1994;

Caterino et al. 2000; Yao et al. 2010). By virtue of its simple structure, maternal

inheritance, and relatively rapid evolutionary rates, mitochondrial DNA (mtDNA)

has become a widely used marker for understanding the structure of animal

populations and their genetic variability (Harrison 1989; Hebert and Gregory 2005;

Jung et al. 2011; Park et al. 2011).

Barcoding has been developed as a standardized method that is cost- and time-

effective to separate or identify species (Hebert et al. 2003). As the number of DNA

barcode sequences increases, DNA barcoding is expected to improve studies of

systematics, molecular phylogenetics, and population genetics over conventional

approaches in DNA, especially when used in combination with additional

information such as geographic distribution and genetic diversity (Hajibabaei

et al. 2007; Valentini et al. 2009; Jung et al. 2011).

Perdikis et al. (2003) made the first attempt to discriminate M. melanotoma and

M. pygmaeus using restriction fragment length polymorphism (RFLP) and randomly

amplified polymorphic DNA-polymerase chain reaction (RAPD-PCR) methods.

Then, Martinez-Cascales et al. (2006) used sequencing analysis of a cytochrome b

mtDNA gene segment as a marker to discriminate these two species. The

development of new markers is necessary because there is still some doubt

concerning their efficiency.

The aim of this investigation is to contribute to the taxonomic identification of

M. melanotoma and M. pygmaeus, using sequencing analysis of cytochrome oxidase

subunit I (COI) and 12S ribosomal DNA (12S rDNA) mtDNA gene segments

combined with crossing experiments and morphological observations of Macro-

lophus spp. populations collected from various locations in Greece. The results also

provide information regarding the genetic variability of Macrolophus spp. in

Greece, as well as some further information of the host-plant preference of these

species.

Materials and Methods

Sampling

The sampling and preliminary identification of Macrolophus species were based on

the hypothesis that they are found on different host plants (Perdikis et al. 2003;

Martinez-Cascales et al. 2006). Macrolophus pygmaeus has seldom been reported

on D. viscosa, with the exception of a single specimen, according to Machtelinckx

et al. (2012). Samples were collected from Solanum host plants in four locations in

central and southern Greece and one location in Spain, and from Dittrichia host

plants in four Greek locations (Fig. 1; Table 1).

At each location, about 20 insects of different ages and both sexes were collected

from five different plants (Table 1). Live insects were transferred to the Laboratory
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of Agricultural Zoology and Entomology and reared on potted plants of the same

species as the original host plant (S. nigrum, S. lycopersicum, or D. viscosa). The

potted plants were grown in plastic cylindrical cages (11 cm diameter, 30 cm

height) under conditions of stabilized temperature (25 ± 1�C), relative humidity

Fig. 1 Sampling locations for populations of Macrolophus pygmaeus and M. melanotoma collected in
Greece and Spain. Each population consists of insects collected from 5 plants of Solanum nigrum or
S. lycopersicum for M. pygmaeus (gray dots) or Dittrichia viscosa for M. melanotoma (black dots). Both
species were collected in Kyparissia

Table 1 Collection of Macrolophus samples in Greece and Spain

Macrolophus

species

Host plant species Sampling location

(code)

Sampling date

M. pygmaeus Solanum nigrum (Solanaceae) Votanikos (VOT) September

2009

Solanum lycopersicum

(Solanaceae)

Ierapetra (IER) August 2009

Kyparissia (KYP) October 2008

Xalkida (XAL) October 2008

Murcia-Spain (SPN) August 2002

M. melanotoma Dittrichia viscosa (Asteraceae) Kalamata (KAL) July 2009

Kyparissia (KYP) November 2008

Penteli (PEN) September

2009

Spata (SPA) June 2009

About 20 insects were collected at each location, and 5 host plants were sampled at each location
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(65 ± 5), and photoperiod (16 h light:8 h dark). Eggs of Ephestia kuehniella Zeller

(Lepidoptera: Pyralidae) (Entofood–Koppert B.V.) were provided daily as prey. The

insects, after completing at least two generations in the cages, were kept for further

use in our experiments (morphometric observations, crossing experiments, and

sequencing analysis).

Morphometric Observations

Taking into consideration the variation of the ambiguous morphological characters

that have been used so far to discriminate between these species (Josifov 1992;

Perdikis et al. 2003; Martinez-Cascales et al. 2006), we observed the FAS color

(totally black or black with a white zone). Other characters, such as the black

macula, were not clearly visible (Martinez-Cascales et al. 2006). Ten insects (five

males and five females) were collected from the rearings described (40 M.

melanotoma and 50 M. pygmaeus). The FAS color was examined before every

testing procedure (crossing experiments and DNA sequencing), causing the

minimum inconvenience to the insect. The results were expressed as percentages.

Crossing Experiments

In order to examine whether the insects sampled for study belonged to separate

species, we performed several crossing experiments according to Perdikis et al.

(2003). Samples of immature insects of Macrolophus spp. were collected from the

two rearings maintained in our laboratory: (1) M. pygmaeus from S. nigrum

collected at Votanikos on June 2009 and (2) M. melanotoma from D. viscosa found

at Spata on June 2009. The insects developed individually in a petri dish containing

a layer of wet cotton on which a leaf of each respective host plant was placed

together with eggs of E. kuehniella. The FAS color of each adult was recorded

before its use in the experiments, causing the least disturbance to the insect.

For the insects assigned to M. pygmaeus, only adults with totally black FAS were

recorded. For the M. melanotoma insects, adults with totally black FAS were

designated B and those with white in the middle of the FAS were designated W.

Thus, crossings among the three adult types were performed (Table 2).

Two adult males and two adult females (P generation) of each morphological

type were placed in a plastic cylindrical cage containing a plant of either D. viscosa

or S. nigrum. Crossings were also performed using the bean Phaseolus vulgaris var.

Zargana (Fabaceae). It is known that the genus Macrolophus is able to survive and

produce individuals on beans (Tavella and Arzone 1996), but generally Macro-

lophus are not common on this host plant. For this reason, this plant was selected as

a neutral host, so neither of the two species was in a favorable state. Each of the

three morphological types (male and female) was crossed with the other types on

each of the three host plants (Table 2).

As soon as the first offspring emerged, a second crossing took place. Again, two

males and two females (F1 generation) were placed on the host plant. If this second

crossing produced an F2 generation (confirming that the F1 generation was fertile),

the implicated insects were recorded as belonging to the same species. The
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possibility of failure of the crossings as a consequence of the presence of any

endosymbiotic organism (e.g., Wolbachia spp.; Machtelinckx et al. 2009) is

negligible, as the insects were taken from rearings where no abnormality in their

reproduction rate was observed. The experiment was performed twice under

controlled conditions of photoperiod (16 h light, 8 h dark), temperature (25 ± 1�C),

and relative humidity (65 ± 5%).

Molecular Analysis

Female adults of Macrolophus spp. (about 6 per location) were collected alive from

the colonies reared in the laboratory and stored at -20�C or in 95% ethanol until

used. Total DNA was extracted for each insect using the DNeasy Blood and Tissue

Kit (Qiagen) following the manufacturer’s protocol with minor modifications.

Fragments of the two mtDNA gene segments were amplified using two sets of

primers: 50-AAACSGGGASSAGASACCCCACSAS-30 and 50-GAGGGTGACG

GGCGGTGTGT-30 for the 12S rDNA gene segment (Palumbi et al. 1991) and the

Barcode primers 50-GGTCAACAAATCATAAAGATATTGG-30 and 50-TAAA

CTTCAGGGTGACCAAAAAATCA-30 for the COI segment (Folmer et al. 1994).

The PCR for the 12S rDNA segment consisted of 2.4 U Taq polymerase

(Invitrogen), 5 lL 109 reaction buffer (Invitrogen), 5 lL dNTP mix (2 mM)

(BioLabs), 5 lL MgCl2 (50 mM) (Invitrogen), approximately 100 ng DNA, 0.5 lL

of each primer (20 mM) (BioLabs), and sterile water to a total volume of 50 lL.

The mixture for amplification of the COI fragment consisted of 1.5 U Taq

polymerase (Invitrogen), 5 lL 109 reaction buffer (Invitrogen), 5 lL dNTP mix

Table 2 Crossings of morphological types of Macrolophus species on three host species

$

M. pygmaeus M. melanotoma B M. melanotoma W

# M. pygmaeus Dittrichia viscosa Dittrichia viscosa Dittrichia viscosa

Solanum nigrum Solanum nigrum Solanum nigrum

Phaseolus vulgaris Phaseolus vulgaris Phaseolus vulgaris

F2 generation ?

M. melanotoma B Dittrichia viscosa Dittrichia viscosa Dittrichia viscosa

Solanum nigrum Solanum nigrum Solanum nigrum

Phaseolus vulgaris Phaseolus vulgaris Phaseolus vulgaris

F2 generation ? ?

M. melanotoma W Dittrichia viscosa Dittrichia viscosa Dittrichia viscosa

Solanum nigrum Solanum nigrum Solanum nigrum

Phaseolus vulgaris Phaseolus vulgaris Phaseolus vulgaris

F2 generation ? ?

B FAS totally black

W FAS black with white zone

? Presence of F2 generation confirms that insects belonging to the same species were crossed

Bold host indicates control (crossing of insects of the same species on the original host species)
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(2 mM) (BioLabs), 3 lL MgCl2 (50 mM) (Invitrogen), approximately 100 ng

DNA, 0.5 lL of each primer (10 lM) (BioLabs), and sterile water to a total volume

of 50 lL. Both fragments were amplified using a PEQlab Thermocycler (Primus 25

Advanced). The conditions for 12S rDNA were one preliminary denaturation step at

94�C for 4 min, followed by 35 cycles at 94�C for 1 min, annealing at 44�C for

1 min, and final extension at 72�C for 2 min. For COI, the Barcode protocol was

used, with one step of preliminary denaturation at 94�C for 1 min, followed by two

groups of cycles. The first group consisted of 6 cycles at 94�C for 1 min

denaturation, annealing at 45�C for 1 min 30 s, and extension at 72�C for 1 min

15 s. The second group included 36 cycles at 94�C for 1 min denaturation,

annealing at 51�C for 1 min 30 s, and extension at 72�C for 1 min 15 s, and a final

extension at 72�C for 5 min (Hebert et al. 2003).

The PCR products were purified using the Nucleospin Extract II kit (Macherey–

Nagel), according to the supplier’s protocol, and examined using agarose gel

electrophoresis. Each sequence was determined via the automated sequencing

procedure provided by the Macrogen Company (Seoul, Korea), using the same

primers as the amplification procedure. The sequences obtained have been deposited

in Genbank for each gene segment separately, with accession numbers HQ707820-

HQ707825 (M. melanotoma) and HQ845353-HQ845364 (M. pygmaeus) for 12S

rDNA, and HQ707826-HQ707832 (M. melanotoma) and HQ845336-HQ845352

(M. pygmaeus) for COI.

Data and Statistical Analyses

Multiple sequences were aligned using Clustal W2 (Thompson et al. 1994), and they

were further checked manually. The authenticity of the mtDNA sequences produced

was verified as species of the Miridae family using the Blast program of NCBI

(http://blast.ncbi.nlm.nih.gov/). Each gene fragment was analyzed separately. The

pairwise genetic distance (p-distance) of the Kimura 2-parameter model (Kimura

1980) was estimated using Mega 5.0 (Tamura et al. 2011). Haplotypes, as well as

the number of variable sites and nucleotide diversity, were detected using the

DnaSP version 5.10.00 package (Librado and Rozas 2009).

Neighbor-joining, minimum evolution, maximum parsimony, and UPGMA

analyses were conducted for each gene separately, using the Mega 5.0 software. The

partial mitochondrial sequence that belongs to Lygus lineolaris (Hemiptera:

Miridae) was downloaded from NCBI (EU401991) and used as an outgroup for

both gene segments, as it contains both of them. The part of the EU401991 sequence

that was not similar to either COI or 12S rDNA was excluded and was not used in

the analysis. Confidence in the nodes was evaluated by 1,000 bootstrap replicates

(Felsenstein 1985).

Results

Based on our morphometric observations (Fig. 2), the FAS color of the M. pygmaeus

insects is totally black, but for M. melanotoma this character is not constant, with 35%
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showing a black FAS and 65% showing a white zone. Thus, the discrimination of

M. pygmaeus and M. melanotoma cannot be based on this character.

The results of the crossing experiments (Table 2) do not appear to be affected by

the host species. No crosses between M. pygmaeus and M. melanotoma were fertile,

confirming that the populations tested belong to two different species.

The 45 mtDNA sequences produced a 328 bp alignment for the 12S rDNA gene

segment and revealed 18 haplotypes, 14 of which were unique (Table 3). For COI, the

alignment was 621 bp, revealing 24 haplotypes, 21 of which were unique (Table 4).

The percentage of variable sites was 11.59% for 12S rDNA (Supplementary Table 1),

with an average pairwise genetic distance of 0.044, and 21.58% for COI

100% 100% 100% 100% 100% 100%

0% 0% 0% 0% 0% 0%

0%

25%

50%

75%

100%

Votanikos Murcia-Spain Ierapetra Kyparissia Xalkida Average

Macrolophus pygmaeus

Black with 
white zone  

Total Black

40% 40%
30% 30%

35%

60% 60%
70% 70%

65%

0%

25%

50%

75%

100%

Spata Kalamata Kyparissia Penteli Average

Macrolophus melanotoma

Black with 
white zone  

Total Black

Fig. 2 Morphological types observed in two species of Macrolophus. The first antennal segment (FAS)
was observed in five male and five female insects from each sampling location (Fig. 1). All of the M.
pygmaeus (top) were found to have a totally black FAS. The M. melanotoma populations (bottom)
included both types, totally black or black with a white zone
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(Supplementary Table 2), with 0.081 average pairwise genetic distance. That means

the COI segment has higher variability.

The greatest divergence (0.112) in 12S rDNA was observed between the

populations of M. pygmaeus at Votanikos and M. melanotoma at Penteli, Spata, and

Kalamata. In COI the greatest divergence was 0.192, between the two species of

Macrolophus at Kyparissia. The haplotype diversity was 0.847 for the 12S rDNA

gene segment and 0.914 for COI. The nucleotide diversity was 0.04 for 12S rDNA

and 0.07 for COI.

The phylogenetic trees based on minimum evolution, maximum parsimony,

neighbor-joining, and UPGMA analyses exhibited the same topology for 12S rDNA

and COI. For this reason, only the minimum evolution tree for 12S rDNA and the

maximum parsimony tree for COI are presented here (Fig. 3). The sequences

corresponding to M. pygmaeus are grouped together in the same main clade, and

those of M. melanotoma are grouped in the second clade, according to the topology

of all dendrograms constructed, based on the sequencing data obtained either from

COI or 12S rDNA, clearly demonstrating the discrimination between both species.

It is noted that the specimens of M. melanotoma separate into two groups. The

suggested topology is supported by high bootstrap values.

Table 3 The 18 haplotypes revealed for the 12S rDNA gene segment based on the total 45 sequences

obtained

Haplotype Gene segment

1 mSPA-1, mSPA-2, mSPA-3, mSPA-5, mSPA-6, mKAL-1, mKAL-2,

mKAL-3, mKAL-4, mPEN-1, mPEN-2, mPEN-3, mPEN-4

2 mSPA-4

3 mKYP-1

4 mKYP-2

5 mKYP-3

6 mKYP-4, mKYP-5, mKYP-6, mKYP-7

7 pVOT-1

8 pVOT-2

9 pVOT-3

10 pVOT-4, pVOT-5, pSPN-1, pSPN-2, pSPN-3, pSPN-4, pIER-3,

pKYP-2, pKYP-3, pKYP-4, pKYP-5, pXAL-6

11 pIER-1

12 pIER-2

13 pIER-4

14 pKYP-1

15 pXAL-1

16 pXAL-2, pXAL-4

17 pXAL-3

18 pXAL-5

Haplotypes 1, 6, and 10 are most frequent

Segment codes: m segment from M. melanotoma, p segment from M. pygmaeus, three capital letters refer

to sampling location codes in Table 1
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Discussion

The aim of this research is to contribute to the discrimination and identification of

two major species of the genus Macrolophus used as biocontrol agents. The

discrimination of M. pygmaeus and M. melanotoma has been based on morpho-

logical characters of dubious value (Alomar et al. 1994; Lykouressis et al. 2000;

Perdikis et al. 2003; Castañé et al. 2004; Martinez-Cascales et al. 2006). Our results

further confirm that the morphometric characters cannot be considered diagnostic

(Perdikis et al. 2003; Martinez-Cascales et al. 2006); the FAS color, which was

supposed to be the best visible character used for distinguishing the two species,

does not provide further information, and there is a risk of misidentification.

The crossing experiments confirmed that M. pygmaeus and M. melanotoma are

different species. The F2 generation was produced only when M. pygmaeus was

Table 4 The 24 haplotypes revealed for the COI gene segment based on the total 48 sequences obtained

Haplotype Gene segment

1 mSPA-1, mSPA-2, mSPA-4, mSPA-5, mKYP-2, mKYP-3, mPEN-4

2 mSPA-3, mSPA-6, mKAL-1, mKAL-2, mKAL-4, mKYP-1,

mPEN-1, mPEN-2, mPEN-3

3 mKAL-3

4 mKYP-4

5 mKYP-5

6 mKYP-6

7 mKYP-7

8 pVOT-1

9 pVOT-2, pVOT-3, pVOT-5, pIER-1, pIER-2, pIER-3, pKYP-1, pXAL-1

10 pVOT-4

11 pSPN-1

12 pSPN-2

13 pSPN-3

14 pSPN-4

15 pIER-4

16 pKYP-2

17 pKYP-3

18 pKYP-4

19 pKYP-5

20 pXAL-2

21 pXAL-3

22 pXAL-4

23 pXAL-5

24 pXAL-6

Haplotypes 1, 2, and 9 are most frequent

Segment codes: m segment from M. melanotoma, p segment from M. pygmaeus, three capital letters refer

to sampling location codes in Table 1
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Fig. 3 Phylogenetic relationships of M. pygmaeus and M. melanotoma collected from locations in Greece and
Spain. a Minimum evolution tree based on sequencing data obtained from the 12S rDNA gene segment (45
sequences with sequence length 328 bp). b Maximum parsimony tree based on sequencing data obtained from
the COI-Barcode gene segment (48 sequences with sequence length 621 bp). Lygus lineolaris (EU401991) was
used as outgroup. Location codes as in Table 1. Bootstrap numbers appear to the left of each node
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mated with M. pygmaeus and M. melanotoma with M. melanotoma, regardless of the

host plant on which the insects were crossed. In some cases, it seems that the host

plant can be a preliminary basis for discriminating between species, and that

Fig. 3 continued
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M. pygmaeus may have a broader host-plant range than M. melanotoma (Lykouressis

et al. 2000; Castañé et al. 2004; Ingegno et al. 2011; Machtelinckx et al. 2012).

The topology of the phylogenetic trees (all of which grouped the two species into

two separate clades) shows that they belong to distinct species (Fig. 3). This is also

confirmed by the grouping of samples from the same host plant together, regardless of

the samples’ countries of origin (Greece and Spain). So, it was shown that populations

on different genera of host plants belong to different species: M. pygmaeus on

S. nigrum or S. lycopersicum and M. melanotoma on D. viscosa.

Both gene segments analyzed in this study (12S rDNA and COI) can be used for

species discrimination because they show sufficient sequence diversity (Ferri et al.

2009; Allegrucci et al. 2011; Muráriková et al. 2011). The highest genetic

divergence values between the two mtDNA segments were observed in COI, which

may be due to its higher evolutionary rate (Lunt et al. 1996). Nevertheless, there is

no clear separation within the populations of each species, even in the case of M.

melanotoma collected from the location of Kyparissia; the Kyparissian samples

seem to be somehow separated from the other populations, as three of the specimens

from the same location (mKYP-1, mKYP-2, mKYP-3) are included in another

cluster (Fig. 3). It is not possible, therefore, to detect the location where every

individual was found.

Comparing the results of the present research with the others, the sequencing

analysis is more accurate than the RAPD-PCR used by Perdikis et al. (2003). Two

mtDNA gene segments were analyzed in our study, with a total length of 940 bp.

These two mtDNA gene segments can be applied separately for the discrimination

of Macrolophus species. This is the first time in the literature that sequencing data

for the 12S rDNA mtDNA gene segment are provided for Macrolophus species.

The data obtained from the current research combines different approaches to

provide new molecular markers for the discrimination of these species, to contribute

to the knowledge of the genetic structure of Macrolophus species, and to detect the

genetic variability of each species that occurs in Greece.

Further investigation will be necessary to determine if the intraspecies variability

detected is related to the host plant or to other factors. This kind of information is

essential in understanding the evolution and the relationships among populations,

and it might contribute to the conservation of the insect populations.
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