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Figure 6a—f. Eurydema oleracea, 2n=12+XY. a-c, e, f different prophase stages d metaphase I. FISH with
a 18S rDNA probe a-d and CMA, /DAPI e/f-staining. Bar equals 10 um.

Figure 7a-d. Graphosoma lineatum, 2n=12+XY. a prophase stage b—d metaphase I. FISH with 18S
tDNA and (TTAGG), probes a, b and DAPI ¢ and CMA, d-staining. Arrowed d is a CMA -positive
signal on the X. Bar equals 10 um.
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Dot-blot hybridization analysis

Dot-blot hybridization of the genomic DNA from Cimex lectularius, Nabis sp. and Oxy-
carenus lavaterae was performed using seven telomeric probes, ciliate (TTTTGGGG),
and (TTGGGG) , nematode (TTAGGC) , insect (I'TAGG) , shrimp (TAACC) , ver-
tebrate (TTAGGG), and plant (TTTAGGG),. All the experiments provided no hybrid-
izing bands clearly suggesting some other molecular composition of telomeres in true

bugs.

Discussion

Standard chromosomal complements

We studied standard chromosomal complements of eight species from 6 genera and 5
families of the true bug infraorders Cimicomorpha (Deraeocoris rubber, Deraeocoris rutilus,
Megaloceroea recticornis, Cimex lectularius) and Pentatomomorpha (Oxycarenus lavaterae,
Pyrrhocoris apterus, Eurydema oleracea, Graphosoma lineatum). Our study confirms the pre-
viously published information (see Results and Table 3 for the references) that C. lectularius
(Cimicidae) displays 2n=26+X X Y; P apterus (Pyrrhocoridae) — 2n=22+X; O. lavaterae
(Ligacidae) — 2n=14+2m+XY; E. oleracea and G. lineatum (Pentatomidae) — 2n=12+XY.
On the other hand, Leston (1957) recorded M. recticornis (Miridae) in England as having
2n=32+XY; however this count was not corroborated by our observations of this species.
The karyotype of M. recticornis in Bulgaria, as revealed in our work, is 2n=30+XY. We
can not explain this incompatibility, especially as Leston provided neither photograph nor
drawing of the chromosomal complement. It should be mentioned here that 2n=32+XY is
the first whereas 2n=30+XY the second commonest karyotype in the Miridae (Kuznetsova
etal. 2011). The chromosomal complements of D. rutilus and D. ruber were studied herein
for the first time. These species were found to agree with one another in a karyotype of
2n=32+XY, with a pair of m-chromosomes among autosomes, and the karyotype formula
is hence determined as 2n=30+2m+XY. A pair of chromosomes (the autosomes) known as
m-chromosomes has been described in karyotypes of many bug species (Ueshima 1979).
These chromosomes are typically extremely small, negatively heteropycnotic and behave
differently as compared to autosomes and sex chromosomes during meiosis. However their
origin and significance in genomes remain still obscure. The presence or absence of m-
chromosomes seems to represent a fairly stable character at higher taxonomic levels in the
Heteroptera (Ueshima 1979). Until the present time, m-chromosomes have been discov-
ered in as few as two Miridae species, Capsus ater (Linnaeus, 1758) and Dicyphus digitalidis
Josifov, 1958 (Nokkala and Nokkala 1986, Grozeva and Simov 2008 a), even though doz-
ens Miridae species were studied in respect to karyotypes (see review: Kuznetsova et al.
2011). Thus, D. rutilus and D. ruber from our study increased the total number of mirid
species with m-chromosomes to four. It is worthy of note that m-chromosomes were not
described in the ten previously studied representatives of the genus Deraeocoris Kirschbaum,
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Table 3. Chromosomal complements and 185 DNA locations in the species studied

Infraorder, family, and Karyotype Published data on
species 2n (&9) formula 18S rDNA location karyotype
Cimicomorpha
Miridae
Deraeocoris ruber 34 2n=30+2m+XY XandY Absent
chromosomes
Deraeocoris rutilus 34 2n=30+2m+XY X chromosome Absent
Megaloceroea recticornis 32 2n=30+XY XandY 2n=32+XY (Leston
chromosomes 1957)
Cimicidae
Cimex lectularius 29 2n=26+X XY X, and Y 2n=26+X XY
chromosomes* (Grozeva et al.
2010 and references
therein)
Pentatomomorpha
Ligaeidae
Oxycarenus lavaterae 18 2n=14+2m+XY A pair of larger 2n=14+2m+XY
autosomes (Grozeva 2004)
Phyrrocoridae
Pyrrhocoris apterus 23 2n=22+X A pair of larger 2n=22+XX/X0
autosomes (Henking 1891,
Ueshima 1979, and
references therein;
Sahara et al. 1999)
Pentatomidae
Eurydema oleracea 14 2n = 124XY XandY 2n=12+XY
chromosomes (Schachow 1932,
Geitler 1939, Xavier
and Da 1945)
Graphosoma lineatum 14 2n = 12+XY X chromosome 2n=12+XY (Geitler
1939, Xavier and
Da 1945).

*Data from Grozeva et al. 2010

1856 which species were shown to have 2n=32+XY as well (see Ueshima 1979). In some
cases m-chromosomes might have been overlooked due to their too small size and negative
heteropycnosis in meiosis (Kuznetsova et al. 2011). It remains to be added here that the
species studied in this work display holokinetic chromosomes which lack primary constric-
tions (the centromeres) as in all other Heteroptera (Ueshima 1979).

Male meiosis

In all the seven species studied in this work, the first meiotic division is reductional for
the autosomes and equational for the sex chromosomes, and vice versa — the second di-
vision is equational for the autosomes and reductional for the sex chromosomes. Such
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a behavior of sex chromosomes in male meiosis, or “post-reduction”, as it is called,
represents one of the unique cytogenetic characters of the Heteroptera being inherent
in most bug species (Ueshima 1979). The species studied herein, all except Miridae
species, showed the orthodox chiasmate meiosis in males with only one chiasma per
bivalent, the meiotic pattern characteristic of holokinetic chromosomes (Halkka 1964,
Nokkala et al. 2004). In common with several Miridae species studied so far in this
respect ((Nokkala and Nokkala 1986; Grozeva et al. 2006, 2007; Grozeva and Simov
2008a, b), the three mirid species from our work, Deraeocoris ruber, D. rutilus and
Megaloceroea recticornis, were found to have achiasmate meiosis of a collochore type
(best exemplified by M. recticornis). In meiosis of this type, diplotene and diakinesis
stages are absent, and no chiasmata are formed between homologous which are how-
ever connected with each other, generally only at one site, by thread-like structures, the
so-called collochores. The collochores have the function to hold homologous chromo-
somes together in the absence of chiasmata, and hence ensure their proper orientation
and regular segregation at anaphase I.

One of the distinctive properties of the true bug meiosis is a specific spatial ar-
rangement of metaphase plates known as radial ones. Either at both metaphases, MI
and MII, or at only one of those, the autosomes (either as bivalents at MI or as uni-
valents at MII) form a ring with the sex chromosomes (either as univalents at MI or
as a pseudo-bivalent at MII) lying in its center (Ueshima 1979). In two species stud-
ied here on this point, different patterns were observed. The mirid species Megalocer-
vea recticornis displayed MI plates nonradial with X and Y chromosomes distributed
among the bivalents, and MII plates clearly radial with XY pseudo-bivalent located at
the center of the ring formed by autosomes. Based on our observations of Eurydema
oleracea, in this pentatomid species both MI and MII plates are radial. We emphasize
however that MII plates in this species were more stable in this pattern compared to
MI plates, which sometimes demonstrated the deviations from the radiality with some
of the autosomal bivalents also lying at the center of the ring or one of sex chromo-
somes lying outside the ring. The differences between MI and MII in regard to their
radial arrangement observed in E. oleracea are in agreement with the available data on
species from other bug families, including the Pentatomidae (Rebagliati et al. 2003). In
another pentatomid species, G. lineatum, the first metaphase was nonradial, however
there was no MII plates to be analyzed.

Chromosomal location of 18S rDNA clusters

The nucleolus represents a subnuclear compartment of eukaryotic cells in which the
synthesis of ribosomal RNA (rRNA) and formation of ribosomes take place (Busch
and Smetana 1970). Nucleolar organizer regions (NORs) are usually detected in in-
sects by silver nitrate (AgNO,) and GC-specific fluorochrome (most commonly by
CMA,)) staining. However silver treatment stains only active NORs (Hubbell 1985)
being therefore inadequate to the study of NOR location onto chromosomes. In con-
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trast, fluorescence 7 situ hybridization (FISH) with rDNA probes directly detects the
location of ribosomal RNA genes, regardless of their activity. In eukaryotes, 55 and 78S
ribosomal genes (fDNA) are organized into two multigenic families, namely the major
rDNA family formed by the 185, 5.8, and 28S genes and the minor one composed
of 55 genes (Long and David 1980). Chromosomal mapping of genes is important
for identification of chromosomes, which is especially difficult in groups of organisms
with holokinetic chromosomes.

In Heteroptera, physical location of genes remains very poorly sampled (and the
data available concern only ribosomal genes), mainly with sporadic sampling of a few
select species. Out of more than 40,000 described species (Weirauch and Schuh 2011),
approximately 1600 species have been subjected to cytogenetic analysis (Papeschi and
Bressa 2006). Among those, only 22 species (11 genera) belonging to the families
Reduviidae (Severi-Aguiar et al. 2005, 2006, Morielle-Souza and Azeredo-Oliveira
2007, Bardella et al. 2010, Panzera et al. 2010, Poggio et al. 2011), Cimicidae (Groze-
va et al. 2010), Coreidae (Papeschi et al. 2003, Cattani et al. 2004, Bressa et al. 2008),
Belostomatidae (Papeschi and Bressa 2006), Pentatomidae (Papeschi et al. 2003), and
Pyrrhocoridae (Bressa et al. 2009) have been investigated in respect to FISH rDNA
location.

In this study we have characterized the chromosomal locations of 185 RNA genes
in seven species from six genera of the families Miridae (Deraeocoris ruber, D. rutilus,
Megaloceroea recticornis), Lygaeidae (Oxycarenus lavaterae), Pyrrhocoridae (Pyrrhocoris
apterus), and Pentatomidae (Eurydema oleracea, Graphosoma lineatum). Data on all the
species (as well as those on the whole families Miridae and Lygaeidae) were obtained
for the first time bringing thus the total number of the species and genera studied to
30 and 18, respectively. The species were shown to exhibit different patterns of rDNA
location. Some of the species showed their ribosomic cistrons located on sex chromo-
some, either on the X (D. rutilus) or on both X and Y (D. ruber, M. recticornis, E. ol-
eracea, G. lineatum) whereas in other species (O. lavaterae, P apterus) they were located
on a pair of autosomes.

The location of 18S rDNA appeared different within the taxa, in which rDNA
sequences were mapped in more than one species as in the mirid genus Deraeocoris,
where D. rutilus displayed rDNA clusters concentrated on the X, but D. ruber on both
X and Y chromosomes. These findings give no way of any inferences especially as a
wide variation of chromosomal location for the major IDNA has been observed in dif-
ferent bug taxa, including variations between the co-generic species. For example, the
genus T7iatoma Laporte, 1832 from the subfamily Triatominae (Reduviidae), which is
one of the most studied bug groups, clearly shows the interspecific variation (Severi-
Aguiar et al. 2005, 2006, Morielle-Souza and Azeredo-Oliveira 2007, Bardella et al.
2010, Poggio et al. 2011) while sometimes even intraspecific variation (Panzera et al.
2010) for the major rDNA harboring either on the sex chromosomes (X and/or Y), or
the autosomes or on both. This variability is suggested to be due to the chromosomal
exchanges between the autosomes and sex chromosomes during the speciation of the
Triatominae (Panzera et al. 2010).
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The telomere repeat sequence

The pentanucleotide sequence (TTAGG), is known as the commonest and most like-
ly an ancestral DNA motif of insect telomeres (Sahara et al. 1999, Frydrychovd et al.
2004). However this motif was lost during the evolution of several groups being sec-
ondarily replaced with another motif (yet unknown) or the alternative telomerase-in-
dependent mechanisms of telomere maintenance (Frydrychovd et al. 2004, Lukhtanov
and Kuznetsova 2010). The true bugs are considered as one of the insect higher taxa in
which (TTAGG), is absent, however the data available concerned so far the two species
only, Halyomorpha halys (Stal, 1855) (Pentatomidae) studied using Southern hybridiza-
tion (Okazaki et al. 1993: as Halyomorpha mista (Uhler, 1860)) and Pyrrhocoris apterus
(Pyrrhocoridae) subjected both to Southern hybridization and FISH (Sahara et al. 1999).
Comparative analysis of the occurrence of (I'TAGG)_ in various groups of insects has
showed that this motif is evolutionarily stable, and, having once appeared during evolu-
tion, marks taxa and phylogenetic branches of high rank. It is known however that in
some groups, such as the orders Coleoptera and Neuroptera, both TTAGG-positive and
TTAGG-negative species are encountered (Frydrychovd et al. 2004 and references there-
in). By using FISH we studied the occurrence of (TTAGG), telomere repeat in five spe-
cies: Deraeocoris ruber and Megaloceroea recticornis (Miridae), Cimex lectularius (Cimici-
dae), Eurydema oleracea and Graphosoma linearum (Pentatomidae). All these species were
shown to lack the insect consensus sequence. Although in both mirid species a number
of prominent hybridization signals could be seen on separate chromosomes, these signals
most likely did not indicate the telomeres. The presence of signals suggests a sequence
related to TTAGG but it seems to have no target specificity in the bug chromosomes.

The absence of (TTAGG) telomeric repeat in the phylogenetically distant groups
within the Heteroptera strengthens thus the view (Frydrychovd et al. 2004) that it was
lost in early evolution of this group of insects.

Dot-blot hybridization of the genomic DNA from bug species with seven types of
telomeric probes, ciliate (TTTTGGGG) and (TTGGGG) , nematode (TTAGGC) , in-
sect (I'TAGG)_, shrimp (TAACC) , vertebrate (I'TAGGG)n and plant (TTTAGGG) ,
yielded negative results and did not provide hence any answer of the question which is the
telomere repeat sequence in bug chromosomes.
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