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Abstract
The Iguaçu National Park is the largest remnant of the Atlantic Forest in southern Brazil, providing habitats for a wide variety of
species, including bedbugs of suborder Heteroptera. These insects have an great capacity for adapting and spreading over widely
different habitats, resulting in high species diversity. However, little is known about the genetic structure of the group. In this
paper, we analyzed the cytochrome c oxidase subunit I (COI) mitochondrial gene of two species, Loxa viridis (Palisot de
Beauvois 1805) and Loxa virescens Amyot & Serville 1843, collected in Iguaçu National Park. The 32 COI sequences analyzed
in this study were grouped into six haplotypes, that were exclusive to each collection site. The analysis of molecular variance
showed tree polymorphisms for each species and variations among populations was 100%. Maximum Likehood test analysis
showed two large groups, with L. viridis and L. virescens from the same collection points tend to be closer together. The results
obtained contributed to the identification of the species and populations of each collection site are suffering local selection
pressure in the Iguaçu National Park. The conservation actions carried out by the Iguaçu National Park are being important
for the maintenance of biodiversity.
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Introduction

The world’s biodiversity is increasingly threatened by envi-
ronments devastation, especially in the neotropical region,
were the natural environmental fragmentation has been inten-
sified by antropogenic activities (Kruess and Tscharntke
1994). Natural habitats are shrinking, affecting radically the
composition and abundance of species. In some cases, there
are drastic effects on the natural processes of communities,

sometimes leading to total extinction (Young et al. 1996,
Fahrig 2003).

The Atlantic Forest is a prime example of this phenome-
non, where only 11 to 16% of the original forest remains
(Ribeiro et al. 2009). The Iguaçu National park (INP) is one
of the few remnants of Atlantic Forest that is still conserved,
being considered a World Heritage, with an exemplary inte-
gration among economic and environmental sustainability
(D'Oliveira et al. 2002). The INP is known for its great diver-
sity of species, especially insects, which are considered par-
ticularly important for assessing environmental impact
(Thomazini and Thomazini 2000).

Several processes threaten insects, and any change in their
habitat has the potential to affect sensitive or specialized species
(New 1995; Freitas et al. 2006). Information on the ecology of
most invertebrate groups is scarce. Thus, the only practical
option for conserving diversity involves protecting as many
environments as possible (New 1995, 1997). Insects respond
to almost any kind of environmental change, regardless of its
intensity, therefore they are considered the best indicators of
their own conservation status (Freitas et al. 2006).
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The order Hemiptera is currently classified in four subor-
ders: Auchenorrhyncha, Coleorrhyncha, Sternorrhyncha and
Heteroptera (Carver et al. 1991; Forero 2008). Regarding the
last suborder, the family Pentatomidae is the fourth biggest
and most diverse, being composed by over 4.700 species dis-
tributed in around 900 genera (Schuh & Slater, 1995; Grazia
and Fernandes 2012; Rider 2011).

The Family Pentatomidae can be considered, among
Hemiptera, one of the most appropriate insect groups for mon-
itoring environmental changes in Brazilian Atlantic Forest.
They represent an efficient system for observing changes,
due to sensitivity to humidity, availability of nutrients and
specific plant growth cycles and their chemical compounds
(Brown Jr 1997).

Loxa Amyot & Serville is a genus of insects within the
family Pentatomidae that occurs mainly in Central America
and Mexico, but is also found in Texas, Florida, and South
America. Some of them are pests of small cultures, as Loxa
deducta Walker, 1867. However, most species are phytopha-
gous which do not cause significant economic and ecological
vegetal damages, thus not being considered pests (Panizzi
et al. 2000). A few examples are Loxa viridis (Palisot de
Beauvois, 1805) and Loxa virescens Amyot and Serville,
1843.

Partial mitochondrial DNA sequences, such as cytochrome
c oxidase subunit I (COI), have been used to identify new
species. Several studies show that a 648 bp fragment of COI
genemight be used as a “barcode” in the identification process
(Hebert et al. 2004a; Ward et al. 2005). COI 5′ extremity
works as a molecular barcode, in which animal species might
be distinguished without morphological identification keys
(Park et al. 2011). Using a small-standardized DNA fragment,
Barcode DNA might be considered a promising tool to diag-
nose diversity, demonstrating nucleotide diversity and even
highlighting interspecific geographical barriers.

Despite the ecological importance and adaptability of
Pentatomidae, advanced molecular studies can elucidate its
biodiversity and population dynamics. Besides, they can pro-
vide valuable information for conservation planning for sev-
eral other organisms, especially for species that live in conser-
vation areas. Thus, this paper aimed to characterize the popu-
lation structure of two species of the suborder Heteroptera:
L. viridis and L. virescens collected at INP and highlight the
importance of monitoring biodiversity in conservation units.

Material and methods

Samples and collection sites

Samples were collected in the Iguaçu National Park (INP),
located in the west of Paraná state, Brazil (25°27′37.6”S
53°49′04.2”W). The collection sites were: (1) tourist trails

near to the Poço Preto research base (25°36′33.2”S 54°25′
51.3”W), Foz do Iguaçu, considered a preserved region within
the park; (2) tourist trails and closed forest region around the
information and post control, Céu Azul (25°07′15.1”S 53°48′
21.5”W), that although it is inserted in the conservation area,
but it is close to a highway and near to the urban center of Céu
Azul city; (3) dense forest region in Santa Tereza do Oeste
(25°06′18.5”S 53°41′04.2”W) (Fig. 1). The specimens were
collected manually and by light trap. Thirty individuals were
collected from the Pentatomidae family: 15 individuals of
L. viridis (5 in each collection site) and 17 of L. virescens (5
in collection site 1, 6 in both collection sites 2 and 3). To
identify the specimens, Eger (1978) identification key was
used.

DNA extraction, amplification, and electrophoresis

Total DNA extraction from the whole individual was per-
formed based on the phenol-chloroform-alcohol-isoamylic
method (Suzuki et al. 2010). The extraction buffer, with 1%
Sodium dodecyl sulfate (SDS), 200 mM Tris–HCl, 250 mM
Sodium chloride (NaCl), 25 mM Ethylenediaminetetra-acetic
acid (EDTA) pH 8, and 0.5 μl of proteinase K (20 μg / μL),
was added and the samples were incubated at 62 °C by 2 h for
tissue digestion.

Cytochrome c oxidase subunit I (COI) gene sequences
were obtained by Polymerase Chain Reaction (PCR) using
the primers LCO1490 (5’-GGTCAACA AATCATAA
AGATATTG-3 ′) and HCO2198 (5 ′- TAAACTTC
AGGGTGACCAAAAAATCA-3′) described by Folmer
et al. (1994). In the PCR, 12.5 μL of GoTaq® Green
MasterMix 2x, 2.5 μL of each primer (10 μM), DNA extract-
ed at a concentration of less than 250 ng/μL and ultrapure
water were used to complete the reaction to 25 μL. Thermal
conditions of the PCR cycles included 60s denaturation at
94 °C, 60s annealing at 48 °C, 60s extension at 72 °C
(25 cycles) and 6 min final extension at 72 °C. PCR products
were visualized in 1% agarose gel electrophoresis stained with
SYBR® Safe DNA Gel Stain (Invitrogen).

To guarantee the quality of the sequences obtained, the
PCR products were purified using 7.5 M ammonium acetate
and absolute ethanol, followed by centrifugation, with subse-
quent washing with 70% ethanol. After the purified fragments
were eluted in 30 μl of ultrapure water.

Sequencing, alignment, and analysis of COI
sequences

The purified PCR products were sequenced with BigDye
Terminator (Applied Biosystems) following the manufac-
turer’s recommendations in a MegaBace™ 1000 Molecular
Dynamics type sequencer (Amershan, Pharmacia Biotech)
by the method of Sanger et al. (1977). The obtained sequence
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alignments were made using BioEdit Software version 7.0.5
(Hall 2005), using the ClustaIW tool (Thompson et al., 1994).
The acquired sequences were compared to the ones available
in GenBank, using TBlastx tool to confirm the amplified frag-
ment. The relation between the haplotypes was inferred by
constructing a haplotype network, created with the help of
the Network Software (Bandelt et al. 1999). The neutrality
tests (Tajima’s D) were calculated with DnaSP Software ver-
sion 6 (Rozas et al. 2017). The analysis of molecular variance
(AMOVA) was performed using Arlequin version 3.5 soft-
ware and pairwise difference was applied (Excoffier and
Lischer 2010). The populational structure was determined
using Wright’s fixation index (FST, Wright 1921) and the
genetic flow (Nm) was also obtained using Arlequin 3.5
(Excoffier and Lischer 2010).

L. viridis already had sequencing data deposited in
GenBank for the COI region, which were used for comparing
the sequences obtained in this study and confirmation of the
morphological classification of the barcode tool. The 32 se-
quences obtained here were deposited in Genbank under the
access numbers: KY022462 to KY022476 for L. viridis and
MF537316 to MF537332 for L. virenscens (Table 1).

Results and discussion

In both studied species, fragments of approximately 660 bp
were obtained, showing that the primers used, and the ampli-
fication methods were resolvable. The same conclusion was
reached in the analysis of the mitochondrial COI gene of sev-
eral species of butterfly, in which 650 bp of the same gene
were also amplified (Hebert et al. 2004b). The diversity in the
650-bp nucleotide sequences was sufficient to discriminate
closely related species of butterfly, demonstrating that analy-
sis of COI gene can be effective in biodiversity and phylogeny
studies.

The 32 COI sequences analyzed in this study were grouped
into six haplotypes. It was possible to observe that the obtain-
ed haplotypes were exclusive to each collection point, and to
each species (Fig. 2). For L. viridis populations, haplotypic

Table 1 GenBank acession numbers, size (bp) and collection points of
L. viridis and L. virescens collected in the Iguaçu National Park

Species Acession number Size (bp) Collection point

L. viridis KY022462 680 Poço Preto

L. viridis KY022463 679 Poço Preto

L. viridis KY022464 679 Poço Preto

L. viridis KY022465 678 Poço Preto

L. viridis KY022466 685 Poço Preto

L. viridis KY022467 679 Céu Azul

L. viridis KY022468 682 Céu Azul

L. viridis KY022469 677 Céu Azul

L. viridis KY022470 685 Céu Azul

L. viridis KY022471 678 Céu Azul

L. viridis KY022472 677 Santa Tereza do Oeste

L. viridis KY022473 678 Santa Tereza do Oeste

L. viridis KY022474 678 Santa Tereza do Oeste

L. viridis KY022475 678 Santa Tereza do Oeste

L. viridis KY022476 674 Santa Tereza do Oeste

L. virescens MF537316 666 Poço Preto

L. virescens MF537317 666 Poço Preto

L. virescens MF537318 621 Poço Preto

L. virescens MF537319 666 Poço Preto

L. virescens MF537320 601 Poço Preto

L. virescens MF537321 666 Céu Azul

L. virescens MF537322 666 Céu Azul

L. virescens MF537323 666 Céu Azul

L. virescens MF537324 666 Céu Azul

L. virescens MF537325 666 Céu Azul

L. virescens MF537326 666 Céu Azul

L. virescens MF537327 666 Santa Tereza do Oeste

L. virescens MF537328 666 Santa Tereza do Oeste

L. virescens MF537329 666 Santa Tereza do Oeste

L. virescens MF537330 666 Santa Tereza do Oeste

L. virescens MF537331 666 Santa Tereza do Oeste

L. virescens MF537332 639 Santa Tereza do Oeste

Fig. 1 Map of Brazil showing the
Parana state (highlighted in black)
and the collection sites of
L. viridis and L. virescens in
Iguaçu National Park
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diversity (Hd = 0.714) and nucleotide diversity (Pi = 0.002)
results were almost like L. virescens populations (Hd =
0.706, Pi = 0.002). Tajima’s D neutrality test results (D =
1.631, L. viridis; D = 1.637, L. virescens) were not significant
and were according to the model of neutral mutation
(p > 0.10).

Three segregating sites were observed in each species. For
both species, the analysis of molecular variance (AMOVA,
Fst = 1.000, p < 0.05) showed that variations among popula-
tions was 100%, while variations between populations were
zero (Φst = 1.000; Φct = 0.000; Φsc = 0.000). This high Fst
value evidences that there is a significant differentiation
among populations. Gene flow was estimated and for both
populations were Nm = 0.00. Garcia et al. (2003) reported that
the differences in Triatoma infestans (Klug, 1834) were not
necessarily related to gene flow in populations from different
locations and could be the result of local selection pressure or
genetic drift.

Fig. 2 Haplotypes obtained in the evaluation of the 32 specimens of
L. viridis and L. virescens. Six haplotypes can be observed; the red
haplotypes are exclusive to collection point 1, while the blue ones are
exclusive to collection point 2 and the yellow ones refer to exclusive
haplotypes of collection point 3

Fig. 3 Maximum Likelihood
Tree for the COI-mtDNA of
L. viridis and L. virescens. The
sequences were identified by the
GenBank accession number:
KY022462 to KY022476 for
L. viridis and MF537316 to
MF537332 for L. virenscens. The
colored squares represent the
haplotypes showed in Fig. 2
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Maximum Likehood test analysis grouped the speci-
mens by species into two large groups, showing that even
though they are dist inct species, L. vir idis and
L. virescens from the same collection points tend to be
closer together, confirming the results of the haplotypes
obtained (Fig. 3). We can observe that group 1 was
formed only by L. virescens samples (MF537331 to
MF537325); and group 2 was formed only by L. viridis
samples (KY022470 to KY022476). There is a great dif-
ficulty in differentiating species of the genus Loxa, where
they can often be classified as the same species.

Although the two groups formed were separated by
species, within each group there was the formation of
another 3 subgroups (Fig. 2), represented respectively by
the same haplotypes observed in Fig. 3. The grouping of
species in haplotypes coincide with the division of popu-
lations by each collection site. This shows that even sep-
arated into two large groups of different species (1 and 2),
the collection sites location influences the characterization
of haplotypes.

The same observation in respect of collection sites was
made by Castanhole et al. (2013) for Rhagovelia zela
(Drake, 1959), suggesting that the diversity may be due to
the distance between collection sites, inducing differential se-
lective pressure. However, additional studies are needed, as
well as population analysis of L. viridis and L. virescens col-
lected from other points, to determine whether the population
is subjected to different selective pressures or whether diver-
sification is a natural process.

We can conclude that the amplification of COI gene is an
important tool in the identification of L. viridis and
L. virescens, as well as showing how the populations of each
collection point are suffering local selection pressure. For this
reason, our results are important to suggest that conservation
actions carried out in the Iguaçu National Park are contribut-
ing to the maintenance of biodiversity, due to the particularity
of the populations of each collection site.
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