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Abstract

Genetic variation in Nezara viridula (L.) sampled from 11 locations (Slovenia, Italy, Greece, France, Madeira, Guadeloupe, Gala-
pagos, California, Brazil, Japan, and Botswana) was studied by sequencing 16S and 28S rDNA, cyt b and COI gene fragments and
randomly amplified polymorphic DNA (RAPD) analysis. Sequencing revealed 11 distinct haplotypes clustering into three main
lineages. Lineage C was limited to a single specimen from Botswana and lineage B to Japan, while lineage A haplotypes were
found in the remaining populations as well as in Japan. RAPD data were more variable but consistent with the structuring of
mtDNA sequences. Sequence and RAPD results both support the African origin of N. viridula, followed by early dispersal to Asia
and, more recently, by expansion to Europe and America. Japanese specimens with mtDNA lineage A haplotypes were revealed as
Euro-Asian hybrids by RAPD analysis, suggesting a multiple colonisation of Japan. Invariant sequences of the 28S rDNA combined
with other results do not support the hypothesis that cryptic (sibling) species exist within the populations investigated in this study.
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Introduction

Nezara viridula (L.) is thought to have originated in the
Afrotropic realm (Hokkanen, 1986; Jones, 1988), but it
now occurs worldwide between latitudes 45° N and 45° S
(Todd, 1989). It is still an active invading species and it
has been suggested that its current spread into temperate
regions is made possible by global warming (Musolin
and Numata, 2003). This study was set to examine mo-
lecular genetic structure and differentiation of allopatric
populations of N. viridula in order to decipher the native
range of the species and broad-scale dispersal pattern, as
well as to check whether molecular data support the hy-
pothesis that the taxon N. viridula comprises a complex
of cryptic species. The results of the study have been
published in Kavar et al. (2006).

Materials and methods

N. viridula was sampled from 11 locations [Slovenia,
Italy, Greece, France, Madeira (Portugal), Guadeloupe
(Lesser Antilles), Galapagos (Ecuador), California, Bra-
zil, Japan and Botswana] and stored in 96% ethanol.
DNA was extracted from dissected thoracic muscles.

The fragments of the nuclear 28S rDNA, and mito-
chondrial 16S rDNA, COI and cyt b genes were ampli-
fied using previously published primers (Muraji and
Tachikawa, 2000; Muraji et al., 2000a; 2000b) and se-
quenced on ABI PRISM 310 DNA Sequencer (Applied
Biosystems). Sequences were aligned using ClustalW.
Distance matrix based on the Kimura’s two-parameter
method was analysed by neighbour-joining (NJ) algo-
rithm. Sequences of two other pentatomid bugs, Pie-
zodorus lituratus (F.) and Rhaphigaster nebulosa (Poda)
were used as out-groups.

Random amplified polymorphic DNA (RAPD) PCR
amplifications were performed with 12 primers (Operon

Technologies). A unique RAPD profile was generated
for each individual (n = 68) by scoring 94 (3-16 per
primer, 200-800 bp) reproducible polymorphic bands.
Distance matrix based on Nei and Li’s similarity coeffi-
cient was analysed by principal components analysis
(PCA) and NI algorithm.

Results and discussion

All N. viridula 28S rDNA sequences were identical, but
differed from those of out-group species. The three
mtDNA gene fragments generated a single 1201 bp se-
quence data set. 11 haplotypes were identified, cluster-
ing into three main lineages (figure 1a): lineage C was
limited to a single specimen from Botswana and lineage
B to Japan, while the specimens from lineage A were
found in all of the remaining populations as well as in
Japan. RAPD data were more variable, but consistent
with structuring of mtDNA sequences (figure 1b). Both
sets of data supported the African origin of N. viridula,
followed by early dispersal out of Africa and, more re-
cently, by expansion to Europe and America. Assuming
2.3% sequence divergence per million years (Brower,
1994), the observed values suggest that the African and
non-African gene pools have separated in mid-Pliocene
(3.7-4 Ma), and European and Far Eastern lineages in
mid-Pleistocene (1.2 Ma). Both splits can be explained
by vicariance due to changes in climate and vegetation.
Contemporary populations inhabiting Eurasia most
likely originated from postglacial expansion of refugial
populations in Central Africa, in the Indian subcontinent
and in SE Asia. Colonisation of Europe may have been
facilitated by the Neolithic spread of agriculture from
the Levant. Considering the similarities and distribution
of lineage A haplotypes, two distinct routes appear to
have led to the colonisation of America. One leading
from the E Mediterranean (Greece, Italy) to Central
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Figure 1. N. viridula molecular genetic analysis. (a) Neighbour-joining tree showing relationship among composite
mtDNA haplotypes (16S rDNA, COI, cyt b). Sequences of P. lituratus and R. nebulosa were used as out-groups.
Bootstrap values are given at the nodes. (b) Principal components plot based on RAPD data from eight allopatric
samples. Arrows point to the two Japanese specimens of inferred hybrid origin.

America and from there on to the Eastern USA and the
Western coastal areas of S America (and possibly also
to California); and another, which originated in the W
Mediterranean (Iberian peninsula) and led to the E
coastal areas of S America. Two Japanese specimens
with mtDNA lineage A haplotypes were revealed as
Euro-Asian hybrids by RAPD analysis, which is
strongly suggestive of a recent secondary introduction
(“cryptic invasion”) of a European/American haplotype
into the islands.

Genetic distances among the non-African populations
were in the range found at the intraspecific level in in-
sects (e.g. Brown et al., 1994). Therefore we cannot, on
the basis of genetic differentiation, consider these popu-
lations as distinct species. The specimen from Bot-
swana, on the other hand, was characterised by three
specific RAPD fragments and numerous nucleotide sub-
stitutions. Since its sequence differed from other haplo-
types by 8.5 to 9.3%, which is more typical of inter-
specific comparisons in insects (Funk, 1999), the
specimen may represent a distinct species.

Conclusion

This study lends further support to the previously pro-
posed African origin of N. viridula and presents evi-
dence of pre-Pleistocenic dispersal into Asia and post-
glacial (re)colonization of Eurasian and American con-
tinents. However, detailed inferences about the histori-
cal range, dispersal pattern and existence of cryptic spe-
cies will require application of high-resolution molecu-
lar markers in conjunction with more comprehensive
sampling of populations.
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