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ABSTRACT. In Nysius californicus (family Lygaeidae, subfamily
Orsillinag), a pest commonly known as the seed bug, the chromosome
complement is 2n = 16 (12A + 2m + XY), testes are formed by seven
seminiferoustubules covered by an orange-col ored membrane, and sper-
matogenesis is cystic. At prophase, sex chromosomes are heteropyc-
notic and autosomes usually show a chiasma. At metaphase, sex chro-
mosomes along with microchromosomes may be seen located at the
center of aring formed by the remaining autosomes. A characteristic
specific of N. californicus was the presence of nucleolar material ob-
served from the cystic cell to the completely differentiated spermato-
zoon. Variations in size, shape and location of the nucleolar material
occur during this process, denoting a variable degree of activity in the
different stages.
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INTRODUCTION

The members of the large and diverse family Lygaeidae (Heteroptera) are grain pests,
commonly known as seed bugs (Schilling, 1829). According to several authors, this family is
probably paraphyletic; some of its subfamilies are sister taxonsto members of other Heteroptera
groups from the families Berytidae, Colobathristidae, and Malcidae (Southwood and L eston,
1959; Stys, 1967). Thus, thisfamily isof difficult taxonomic characterization and the complex
relationship among its membersisfar from being established.

Cytogenetic studies of the family Lygaeidae have been restricted to a few species
(Ueshima and Ashlock, 1980). As reported for other Heteroptera, these species also have
holocentric chromosomes, diverse sex chromosome systems, alternative sequences of meiotic
reduction in autosomes and sex chromosomes, apair of microchromosomes (m-chromosomes),
B chromosomes, unival ent chromosomes, and either chiasmatic or achiasmatic meiosis (Ueshima,
1979; Manna, 1984; Papeschi and Mola, 1990; Gonzdez-Garciaet a., 1996; Grozevaand Nokkala,
1996; Sujaet al., 2000; Nokkalaand Nokkala, 2004).

Todate, simple XY /XX (74% of the species) and X0/X X (14.8%) or multiple sex chro-
mosome systems (Xn0/XnXn, XnY/XnXn, XY n/XX) (10.3%) have been described, with mul-
tiple systemsbelieved to have originated from the fragmentation of the X chromosome, or, less
frequently, from the fragmentation of the’ Y chromosome. Another system, neo-XY, has been
recently reported in three species (0.2%). The origin of thissystem very likely involvesasubter-
minal insertion of the ancestor X chromosome into an autosome followed by alargeinversion
including part of the original X chromosome (Chickering and Bacorn, 1933; Schrader, 1940;
Jande, 1959; Bressa et al., 1999; Nokkalaet al., 2003).

m-Chromosomes are known to be a characteristic of several Heteropteran families.
First described in the species Caous ater (family Miridae) (Nokkala and Nokkala, 1986), m-
chromosomes behave as univalents during diakinesis, and, asarule, are negatively heteropyc-
notic over meiotic division (Grozevaand Nokkala, 2003). They do not pair at meiotic prophase,
show “touch-and-go pairing” forming a pseudobivalent, and segregate at first meiotic division
(Nokkala and Nokkala, 1983). Given that the families Reduviidae and Lygaei dae possess m-
chromosomes, they have been considered to be very close from an evolutionary standpoint.

In previous studies, diploid chromosome numbers ranging from 6 to 30 were observed
in males of some species belonging to the family Lygaeidae (Grozeva and Kuznetsova, 1993).
The smallest number was found in Artheneidae tenuicornis (Artheneinae) (Grozeva and
Kuznetsova, 1990) and thelargest in four species of the genus Cymus (Cyminae) (Ueshimaand
Ashlock, 1980). The most commonly found chromosome numbersare 2n= 14 and 2n = 16, with
the latter appearing as a secondary form in many taxa. The purpose of the present study wasto
obtain further information about the chromosomes found in Lygaeidae species, as well as to
analyze nucleolar characteristics and modifications that occur during meiosisin the seminifer-
ous tubules of adult male Nysius californicus specimens.

MATERIALAND METHODS

Specimens were collected from sunflowers (Helianthus annus) in Sdo José do Rio
Preto, SP, Brazil. Twenty individuals were used in the cytological preparations. In order to
obtain seminiferous tubules, adult males were etherized, their wings were removed, abdominal
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sideswere sectioned, and epidermiswas separated. A drop of physiological solutionwas placed
ontheanimal, testeswere extracted and placed on dides (also in physiological solution), crushed
and stained using the conventional |acto-acetic orcein technique, which stains DNA-associated
proteins, or the Ag-NOR technique, which specifically stains nucleoli and nucleolar organizer
regions due to its affinity with r-RNA-associated proteins (Howell and Black, 1980). Images
were obtained with a Zeiss microscope using the image analyzer software AXI VISION.

RESULTSAND DISCUSSION

In Heteroptera, testes are characteristically formed by lobules arranged side by side
and covered by a membrane. According to the literature, the number of lobules found in the
family Lygaeidae is variable. Individuals with two, four, six, and seven lobules have been re-
ported. However, seven is considered to be the ancestral number (Grozeva and Kuznetsova,
1992). The subfamilies Arthencinae, Oxycareninae and some Lygaeinae, such as Paranysius
fraterculus, have the smallest number of lobules, just two (Grozeva and Kuznetsova, 1992). In
the present study of N. californicus, seven seminiferoustubulesor lobules, of almost equal size,
arranged side by side and covered by areddish membrane were observed, placing it among the
species with ancestral characteristics.

Heteroptera are a'so known to have cystic spermatogenesis, that is, germ cells are
contained within an envelope, forming asimple layer of cells of mesodermal origin (Hannah-
Alva, 1985 apud Schuetz, 1989). The cysts constitute isogenic groups of germ cellsin which
they develop into mature spermatozoa (Aiouaz, 1970 apud Schuetz, 1989). At the end of sper-
matogenesis, the cyst walls progressively degenerate and spermatozoa shofts are released into
the collector duct. In the present study, eight spermatogonial cells were found inside N.
californicus cysts (Figure 1a).

N. californicus showed a chromosome complement of 2n = 16 (12A + 2m + XY), in
agreement with the results found to predominate in the tribe (Figure 1b). With regard to the
number of chromosomes, in the Metrargini tribe, which includes the species N. californicus,
seven genera and 31 species have been cytogenetically studied (Ueshima and Ashlock, 1980).
Although karyotypes 2n = 16 predominated, some genera exhibited different karyotypes, such
as Darwinysiuswith 2n = 14 (12 + XY and Neseiswith 2n = 18 (16 + XY). According to the
literature, karyotype 2n = 18 derived from 2n = 16 by the duplication or fragmentation of one of
the autosome pairs (Ueshima and Ashlock, 1980). Based on these grounds, it may be assumed
that, in N. californicus, the chromosomal complement originated from individualswith 2n= 14,
by the fragmentation or duplication of one of the autosomes. Fragmentation, usually considered
more probable, givesriseto segmentsthat could regularly migrate to the poles during anaphase
and survivefor many cell generations. Fragmentation is considered an important mechanismin
the origin of increased chromosome number (Jacobs, 2004).

On the basis of morphologica characteristics, N. californicus has been considered a
synonym for Xyonysius californicus (Emerson, 1988). Since the chromosomal complement 2n
=16 wasreported in X. californicus, the finding of this chromosome number in Nysius may be
evidencein support of the notion of synonymy.

The present study showed that the sex chromosome system XY occursin N. californicus.
In males of the species Lygaeidae previously described, the sex chromosome system was XY
or XO. About 80% of these species exhibit the XY type. Thus, the mechanism of sex determin-
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Figure 1. Nysius californicus acetic-lactic orcein-stained seminiferous tubule cells. a) Cyst formed by eight spermatogo-
nia; b) metaphase | (12A + 2m + XY; arrow indicates m- and sex chromosomes); ¢) polyploidy nucleus containing one large
and several small heteropycnotic bodies (arrows); d,e) prophase with one and two heteropycnotic bodies indicated by
arrows; f,g) zygotene/pachytene with some heteropycnotic regions (arrows); h,i) diplotene/diakinesis; notice the X (large
arrow) and Y (small arrow) chromosomes, and m-chromosomes (arrowhead); j) metaphase I; k,|) telophases with sex
chromosomes late migration or lying at the center of the autosomal ring (arrow); m,n) round-shaped spermatids with
heterochromatic material (arrow); o,p) elongate spermatids with a heterochromatic region in the anterior part of the head
(arrow); q) spermatozoa with heteropinotic body in the head (arrow). Bar = 10 um (the same enlargement was used for
every print).

ing in N. californicus is the predominating in the family. Ueshima and Ashlock (1980) sug-
gested that, in Lygaeidae, the XY mechanism isthe most primitive and XO derivesfrom theloss
of theY chromosome during evol ution.

The species N. californicus (subfamily Orsilinae) displays two m-chromosomes, ac-
cording to the rule in the family. According to Ueshima and Ashlock (1980), m-chromosomes
aretypical of all Lygaeidae subfamilies, except for Lygaeinae and Oxycareninae. Grozeva
and Kuznetsova (1993), however, found m-chromosomes in 6 species of Oxycareninae.
Thus, it ispossiblethat only the most primitive subfamily, Lygaeinae, does not have m-chromo-
Somes.

Some details on chromosome morphol ogy were also observed in the present study. One
of them was the presence of more condensed regions, which are visible as heteropycnotic
bodies or chromosome heteropycnotic regionsin preparations stained with lacto-acetic orcein.
Inthepolyploid nuclel of the nutritive cellsthe heteropycnotic bodies are variablein number and
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in size (Figure 1c), while at meiotic prophase |, the two heteropycnotic bodies observed prob-
ably correspond to the condensed X and 'Y chromosomes, which may be apart, but, most often,
are found together at the periphery of the nucleus (Figure 1d,e). At zygotene/pachytene some
autosomal regions are al so heteropycnotic (Figure 1f,g).

At diplotene/diakinesis, the X andY sex chromosomes exhibit separate chromatids, two
larger autosomes, frequently with aterminal chiasma, four smaller autosomes with telomeric
association and two m-chromosomes (Figure 1h,i). At metaphase, depending on the cell orienta-
tion in the squash, autosomes are seen either aligned (side view) or arranged asacircle or ring
(polar view) with the sex chromosomes and the m-chromosomesinsideit. The m-chromosomes
arelocated at the periphery of the ring forming a pseudobivalent (Figure 1j). At tel ophases, the
sex chromosomes are seen either migrating lately or lying at the center of the autosomal ring
(Figure 1k,l). A heteropycnotic body is observed again in the anterior region of the spermatid
head, remaining in the same position up to the end of spermiogenesis and also in spermatozoa
(Figure Im-q).

Other observations of Nysius made in this study, are related to the nucleolus. The
analysis of silver nitrate-stained seminiferous tubules showed that the polyploid nuclei of their
nutritive cells have several nucleolar bodies of different sizes (Figure 2a). The nucleoli of the
spermatogonial cyst cells are large, found at the periphery of the nucleus, and exhibit quite
variable morphology (Figure 2b). Cells at initial meiotic prophase are formed by one or two
round-shaped nucleoli always located at the periphery of the nucleus (Figure 2c-€). Between
pachytene and diplotene, nucleoli start to disorganize and lose their round shape (Figure 2f).
Later at prophase, some smaller nucleolar bodies are distributed across the cytoplasm while
others apparently associate with chromosomes (Figure 2g,h). Silver highlights are seen around
the chromosomes during metaphase (Figure 2i,j), and at early telophase, the nucleolar body is
reorganized (Figure 2k-m). Nucleoli are observed in all phases of spermiogenesis, varying its
position: at the periphery of the nucleuswhen spermatids are round-shaped (Figure 2n-q), at the
posterior region of elongated spermatids (Figure 2r-u), and in the posterior region of head in
spermatozoa (Figure 2v,X). These observationsindicate that nucleolar synthesisin N. californicus
isdifferent from that which predominatesin the mgjority of arthropod species, involving nucleali
dissociation at diplotene or diakinesis. Therefore, in those species nucleoli cannot be detected by
the Ag-NOR technique from metaphase to telephase |. Stained nucleolar bodies reappear when
spermatids start to form, indicating the resumption of r-RNA transcriptional functionsand disap-
pear at the end of spermatid formation (Bressa et al., 2003).

Besides N. californicus, some species from other families and genera are exceptions
to this pattern. For examplein Triatoma brasiliensis and T. sordida (Heteroptera, Reduviidae)
Ag-NOR-stained bodies remain observable up to metaphase | (Tavares and Azeredo-Oliveira,
1997). In Carlisiswahlbergi (Heteroptera, Coreidae) nucleolar bodies have been observed up
to metaphase |1 (Fossey and Liebenberg, 1995), whereas in Acanthocoris sordidus (Heterop-
tera, Coreidae) and Coptosoma puntissimum (Heteroptera, Plataspidae) nucleoli have been
detected in the metaphasic plates of primary and secondary spermatocytes (Yoshida, 1947).
In Panstrongylus (Heteroptera) silver stains have been seen only in the initial spermatid
(round-shaped), for they disappear as spermatids elongate (Tartarotti and Azeredo-Oliveira,
1999). This corroborates the hypothesis of post-meiotic genic reactivation to rRNA. This pro-
cess has al so been observed in mammals and other vertebrates (Hofgartner et al., 1979; Sumner,
1990).
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Figure 2. Nysius californicus silver nitrate-stained seminiferous tubule cells. @) Polyploid nucleus with several nucleolar
bodies (arrows); b) spermatogonial cyst with one nucleolus each cell (arrows); c-€) prophase | (leptotene/zygotene) with
one or two nucleoli (arrows); f-h) prophases | (zygotene/pachytene) with disorganizing nucleolus; notice some nucleoli
bound to the chromosomes (arrows); i,j) metaphases | with nucleolar bodies (arrows); k-m) telophase with pre-nucleolar
bodies (arrows); n-g) spermatid with an evident nucleolus (arrows); r-u) elongate spermatid with silver nitrate-stained body
in the posterior region of the head (arrows); v,x) spermatozoa with silver nitrate-stained body between the posterior
region of the head and initial portion of the tail (arrows). Bar = 10 pm (the same enlargement was used for every print).

In the species under study, the presence of nucleolar material was seen from the cystic
cell tothe completely differentiated spermatozoon, suggesting the occurrence of protein synthe-
sis throughout spermatogenesis. During this process, however, variations in size, shape and
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location occurred, indicating the dynamic functional involvement of the nucleolar material inthe
different stages of the process. Since the amount of nucleolar material has been reported to
correlate with the biosynthetic activity of the cell, the size and number of nucleoli or nucleolar
bodies, in N. californicus, may reflect metabolic differences between stages. The present
results show that N. californicus shares some characteristics with other species from the same
genus, but also shows different characteristics which reflect the wide variability that character-
izes these organisms.
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