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Resumo  

 As espécies da subordem Heteroptera possuem cromossomos holocinéticos, 
variação do número cromossômico, meiose invertida e aquiasmática nos cromossomos 
sexuais e acúmulo de heterocromatina predominantemente nas extremidades 
cromossômicas. Das 30 espécies analisadas das infraordens Pentatomomorpha e 
Cimicomorpha, foram observadas variações nos números cromossômicos e cariótipos 
assimétricos, sobretudo em Reduviidae. O bandamento C-CMA3/DAPI também 
mostrou que há variabilidade na distribuição de bandas heterocromáticas entre 
autossomos e alossomos, contudo, a localização da heterocromatina predominou nos 
terminais cromossômicos. Os sítios de DNAr 18S foram localizados principalmente nas 
regiões terminais, com tendência à distribuição entre os autossomos nos 
Pentatomomorpha, enquanto que nas espécies de Cimicomorpha houve uma maior 
variação entre autossomos e alossomos. Para um estudo mais aprofundado sobre a 
origem e a organização de famílias de DNA repetitivo, foi escolhida Triatoma infestans
como modelo. Este estudo mostrou as duas sequências de DNA satélite ricas em AT que 
predominam nas regiões terminais dos cromossomos, são compostas por motivos curtos 
com 79 bp e 33 bp de comprimento, que foram originadas possivelmente de elementos 
transponíveis gigantes conhecidos como Polintons. As comparações citogenéticas de 
todas as amostras estudadas neste trabalho mostraram algumas tendências, tais como a 
predominância do sistema sexual XY/XX, a localização preferencial da heterocromatina 
e dos sítios de DNAr 18S nas regiões terminais dos cromossomos e a ocorrência de 
cromossomos holocinéticos. Contudo, as variações na organização e assimetria dos 
cariótipos observadas de cada grupo mostram uma relativa dinâmica nos genomas 
desses heterópteros. 

Palavras-chave: citogenética; cromossomos holocinéticos; cromossomos sexuais; 
DNAr 18S; DNA satélite; heterocromatina.  
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Abstract 

The species of the suborder Heteroptera have holokinetic chromosomes, 
variation in chromosome number, inverted/achiasmatic meiosis in the sex chromosomes 
and accumulation of heterochromatin predominantly in chromosome ends. In the 30 
species analyzed of the infraorders Pentatomomorpha and Cimicomorpha, variations in 
chromosome numbers and asymmetrical karyotypes were observed, especially in 
Reduviidae. The C-CMA3/DAPI banding also showed that there is variability in the 
distribution of heterochromatic bands between autosomes and alossomos, however, the 
predominant location of heterochromatin were in the chromosome terminals. The 18S 
rDNA sites were located mainly in the terminal regions, with a tendency to distributed 
among the autosomes in Pentatomomorpha, whereas in species Cimicomorpha there 
was greater variation between autosomes and alossomos. To a more detailed study of 
the origin and organization of families of repetitive DNA, Triatoma infestans was 
chosen as a model. This study showed the two sequences of AT-rich satellite DNA that 
predominate on the ends of chromosomes, are composed of short motifs with 79 bp and 
33 bp, which were possibly originated from transposable elements known as giant 
Polintons.�Cytogenetic comparisons of all samples studied in this work showed some 
trends, such as the predominance of the sexual system XY/XX, the preferred location of 
heterochromatin and 18S rDNA sites on the ends of chromosomes and the occurrence of 
holokinetic chromosomes. However, changes in the organization and asymmetry of 
karyotypes observed in each group show a relative dynamic in the genomes of these 
heteropteran.

Key-words: cytogenetic; DNA satellite; holokinetic chromosomes; heterochromatin; 
sex chromosomes; 18S rDNA. 
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tially at terminal positions, except in  Holhymenia histrio , 

which exhibited intercalary bands. This study made it pos-

sible to identify some chromosome rearrangements and to 

enhance our knowledge of the evolutionary mechanisms 

that determine karyotype differentiation in Heteroptera. 

 © 2013 S. Karger AG, Basel 

 Heteroptera is considered the largest group of Hemip-
tera, with about 38,000 species organized in 80 families 
[Weirauch and Schuh, 2011]. These insects have a wide 
geographical distribution [Resh and Cardé, 2009] and di-
versity in karyotype structure, with numbers varying 
from 2n  =  4 ( Lethocerus , Belostomatidae) to 2n = 80 (4 
species of  Lopidea  Uhler, Miridae) [Ueshima, 1979]. This 
diversity can be attributed to the occurrence of holoki-
netic chromosomes, which tolerate changes arising from 
chromosome fusions and fissions [Hughes-Schrader and 
Schrader, 1961].

  Pentatomomorpha, particularly the families Coreidae, 
Lygaeidae and Pentatomidae, shows chromosome num-
ber variation from 2n = 13–28 in Coreidae [Ueshima, 
1979; Bressa et al., 2008], from 2n = 10–30 in Lygaeidae 
and from 2n = 6–27 in Pentatomidae [Ueshima, 1979; 
Papeschi and Bressa, 2006]. The numbers can also vary 
according to changes in the sex and m chromosomes 

 Key Words 

 CMA 3 /DAPI banding · Chromosome number · Heteroptera · 

Holokinetic chromosomes · Repetitive DNA 

 Abstract 

 Heteroptera is the most numerous and diverse suborder of 

Hemiptera, with about 38,000 species. This diversity also in-

volves cytogenetic features, including chromosome number 

and a sex determining system. Information about hetero-

chromatin occurrence and distribution is scarce in heterop-

terans, but still, there is some evidence of variability. We de-

termined the chromosome number and CMA 3 /DAPI-band-

ing pattern of 179 individuals of 25 heteropteran species 

from Brazil. Eight species of Pentatomidae exhibited a con-

stant chromosome number (2n = 12 + XY), but in Coreidae 

(12 species), Largidae (1 species), Rhopalidae (1 species), and 

Pyrrhocoridae (3 species), the numbers ranged from 2n = 10 

+ 2m + X0 to 2n = 24 + 2m + X0. Although there were no large 

differences in the chromosome size between species, the 

CMA 3 /DAPI-banding patterns differed markedly. Among the 

genera, species of  Edessa, Spartocera, Hypselonotus, Phtia,  

 Holhymenia  and  Euryophthalmus  showed a large accumula-

tion of heterochromatin, while the other species exhibited 

few or no heterochromatic bands. In general, when hetero-

chromatin was more accumulated, this occurred preferen-
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[Ueshima, 1979; Papeschi and Bressa, 2006]. The m chro-
mosomes are especially interesting because they show 
differential meiotic behavior (achiasmatic/inverted mei-
osis) and are frequently small and weakly staining when 
compared with other chromosomes [Wilson, 1905; Pape-
schi and Bressa, 2006].

  Although few heteropterans have been studied by 
chromosome banding, a large variation in heterochroma-
tin distribution has been detected. In the Pentatomidae, 
the majority of species show only one CMA 3  +  heterochro-
matic dot [González-García et al., 1996; Papeschi et al., 
2003]. On the other hand, some species of Belostomatidae 
and Coreidae have large heterochromatic bands located 
especially in terminal chromosome regions [Bressa et al., 
2005]. Two intriguing cases are  Spartocera batatas  (Core-
idae), which displays terminal and intercalary bands 
[Franco et al., 2006], and  Triatoma infestans melanosoma , 
which shows terminal AT-rich bands adjacent to more 
internal GC-rich ones in the 3 large autosomal pairs 
[Bardella et al., 2010].

  Given the wide variation in banding patterns in heter-
opterans, the aim of this study was to compare the karyo-
types of 25 species according to the occurrence and distri-
bution of CMA 3 /DAPI bands as well as to propose mech-
anisms of amplification/reduction of heterochromatin in 
representatives of 5 families of Pentatomomorpha.

  Material and Methods 

 Biological Material 
 Twenty-five species of Heteroptera belonging to the families 

Pentatomidae (8 species), Coreidae (12), Pyrrhocoridae (3), Rho-
palidae (1), and Largidae (1) were collected in South and Southeast 
Brazil. Information about the number of individuals, localities and 
collection numbers is shown in online supplementary table 1 and 
figure 1 (see www.karger.com/doi/10.1159/000355214 for all on-
line suppl. material).

  Chromosome Preparation 
 Only male gonads were dissected, and the seminiferous tubules 

were fixed in methanol-acetic acid (3:   1, v:v) and stored at –20   °   C. 
Seminiferous tubules were first incubated in 45% acetic acid for 10 
min, and slides were then prepared by dissection and squash in a 
drop of 45% acetic acid. The coverslips were removed after freez-
ing the slides in liquid nitrogen, and they were then air-dried.

  Chromosome Banding 
 For chromosome banding [Sumner, 1982, with small modifica-

tions], slides were aged for 3 days after removal of coverslips. Af-
terwards, the slides were incubated in 0.2 N HCl for 10 min at room 
temperature, 5% barium hydroxide at 60   °   C for 2 min, and 2× SSC, 
pH 7.0, at 60   °   C for 60 min. Slides were treated with fluorochromes: 
0.5 mg/ml CMA 3  for 1.5 h and 2 μg/ml DAPI for 30 min. Slides 

were mounted with a medium composed of glycerol/McIlvaine 
buffer, pH 7.0 (1:   1, v:v), plus 2.5 m M  MgCl 2 . Images were captured 
in grayscale. After washing the slides in SSC buffer, pH 7.0, and 
post-fixation in methanol-acetic acid (3:   1, v:v) solution, slides 
were stained with 2% Giemsa and permanently mounted using 
Entellan (Merck).

  Images 
 All images were acquired using a Leica DM 4500 B microscope, 

equipped with a DFC 300FX camera. For DAPI/CMA 3  banding, 
the images were pseudocolored (blue for DAPI and greenish-yel-
low for CMA 3 ) and overlapped using the Leica IM50 4.0 software. 
The images were optimized for best contrast and brightness with 
iGrafx Image software.

  Results 

 Pentatomidae 
 All 8 species of 5 genera of Pentatomidae showed 2n = 

12A + XY, with autosomes decreasing gradually in size 
( fig. 1 A, D, G, J, M;  table 1 ). CMA 3 /DAPI banding re-
vealed a large amount of heterochromatin in species of 
 Edessa  ( fig. 1 B, C, E, F). These species always exhibited 
terminal DAPI +  and CMA 3  +  bands, which varied sub-
stantially in amount.  Edessa meditabunda  showed CMA 3  +  
bands at both chromosome ends in almost all autosomal 
pairs ( fig. 1 B, C). In contrast,  E. rufomarginata  ( fig. 1 E, F) 
and  E. impura  showed only 1 terminal CMA 3  +  band on 1 
autosomal pair, but we could not distinguish it due to 
similarity in size between chromosome pairs.

  The other species of Pentatomidae exhibited only 
small CMA 3  +  dots on the autosome pairs ( fig. 1 H, I, K, L, 
N, O). Except for  Euschistus heros  ( fig. 1 N, O), in which 
the dot was intercalary, the other 4 species showed 1 
CMA 3  +  dot terminally located at one end. A representative 
of  E. heros  collected in Maringá, PR, Brazil, also showed a 
polymorphism involving the CMA 3  +  dot ( fig. 1 O).

  The sex chromosomes differed in size in all species ex-
cept  Arvelius albopunctatus  ( fig. 1 J). In  E. heros , only one 
sex chromosome appeared totally DAPI +  ( fig. 1 N), where-
as in  A. albopunctatus,  one sex chromosome was totally 
DAPI +  and the other CMA 3  +  ( fig. 1 K, L). The opposite 
was observed in E. meditabunda and  E. rufomarginata , 
where DAPI +  bands were detected at both ends of sex 
chromosomes ( fig. 1 B, C, E, F). Images for other species 
can be found in online supplementary figures 2 and 5.

  Coreidae 
 The chromosome number ranged from 2n = 19–27, 

with a gradual decrease in chromosome size ( figs. 2 A, G, 
 3 A, D, G;  table  1 ), except for  H. interruptus  ( fig.  2 D), 
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which showed 3 autosomal pairs larger than other auto-
somes, and for  A. hahni  and  Cebrenis  sp., which showed 
one pair larger than the other bivalents (online suppl. 
fig.  3G, J). In general, chromosome banding exhibited 
large contrast in the amount and location of heterochro-
matin in these 12 species of Coreidae ( table 1 ).  Phtia pic-
ta  ( fig.  2 B, C) and  H. fulvus  showed terminal CMA 3  + /
DAPI +  bands on both chromosome ends in all autosomes. 
In  H. interruptus  ( fig. 2 E, F) and in  S.  cf.  fusca , most au-
tosomes exhibited terminal bands.  H. histrio  was high-
lighted by the presence of DAPI – /CMA 3  +  bands in the 
intercalary position of 11 autosomes and in the terminal 
positions of 2 chromosomes, but it showed intraspecific 
variation in band number and size ( fig. 2 H, I). Chromo-
some banding in diplotene of  H. histrio  showed 2 hetero-
morphic bivalents with regard to the presence of a CMA 3  +  
band ( fig. 2 K, L). For  L. zonatus  ( fig. 3 B, C) and  A. hahni,  
only CMA 3  +  dots were detected. For other species,  A. hae-

maticus  ( fig. 3 H, I),  Cebrenis  sp.,  A. obscurator , and  C. 
armatus , bands were not visualized.

  The sex determination system was X0, except for  S. 
 cf.  fusca  exhibiting X 1 X 2 0. In all species, the X chromo-
some varied in size from intermediate to small, except 
for  H. histrio , where it was larger than the autosomes 
( fig. 2 G, J). This sex chromosome also showed one in-
tercalary DAPI – /CMA 3  +  band, whose pattern was differ-
ent from that of other sex chromosomes of Coreidae 
( fig. 2 H, I). Terminal DAPI + /CMA 3  +  bands were found 
on the sex chromosomes of  P. picta ,  H. fulvus  and  S.  cf.  
fusca  ( fig. 2 B, C; online suppl. fig. 3B, C, E, F), while in 
 H. interruptus,  the sex chromosome was totally DAPI + /
CMA 3  +    ( fig. 3 E, F) . 

  Species of Coreidae showed m chromosomes of differ-
ent sizes ( figs. 2 ,  3 ;  table 1 ), except for  A. hahni  in which 
an m chromosome was not detected (online suppl. fig. 3G, 
I).  P. picta  ( fig. 2 B, C) ,   S.  cf.  fusca  and  H. fulvus  displayed 
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  Fig. 1.  Karyotype comparison between spe-
cies of Pentatomidae using Giemsa con-
ventional staining and DAPI/CMA 3  band-
ing.  A–C  Mitotic metaphase in  E. medi-
tabunda  showing the DAPI + , CMA 3  +  and 
DAPI + /CMA 3  +  bands.  D–F  Mitotic meta-
phase in  E. rufomarginata . Note the occur-
rence of DAPI +  and DAPI + /CMA 3  +  bands. 
 G–I  Metaphase I in  Antiteuchus tripterus . 
Observe the presence of terminal CMA 3  +  
dots in one autosomal pair.  J–L  Metaphase 
I in  A. albopunctatus  showing terminal 
CMA 3  +  dots (inset) and one sex chromo-
some totally DAPI +  and the other com-
pletely CMA 3  + .  M–O  Mitotic metaphase in 
 E. heros . Note the intercalary CMA 3  +  dots 
in one autosomal pair, which was con-
firmed in diplotene (inset), and one sex 
chromosome totally DAPI + . DAPI +  = 
Large arrows (pseudocolored in blue); 
CMA 3  +  = small arrows (pseudocolored in 
greenish-yellow); DAPI + /CMA 3  +  = arrow-
heads; S = sex chromosomes. Scale bar =
5 μm. 
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  Fig. 2.  Karyotype comparison between
species of Coreidae using Giemsa conven-
tional staining and DAPI/CMA 3  banding. 
 A–C  Mitotic metaphase in  P. picta  show-
ing DAPI + /CMA 3  +  bands on all chromo-
somes.  D–F  Diplotene in  H. interruptus  in-
dicating the presence of terminal DAPI + /
CMA 3  +  bands on 4 autosomal pairs and the 
sex chromosome totally DAPI + /CMA 3  + . 
 G–I  Mitotic metaphase in  H. histrio . Note 
the occurrence of intercalary CMA 3  +  bands 
on 11 chromosomes.  J–L  Diplotene in  H. 
histrio : with 2 heteromorphic bivalents for 
the intercalary CMA 3  +  bands (asterisk). S = 
Sex chromosome; m = m chromosome. 
Scale bar = 5 μm. For further details see
figure 1. 
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  Fig. 3.  Karyotype comparison between
species of Coreidae using Giemsa conven-
tional staining and DAPI/CMA 3  banding. 
 A–C  Mitotic metaphase in  L. zonatus  show-
ing terminal CMA   3  +  band on one autoso-
mal pair.  D–F  Mitotic metaphase in  L. 
gonagra . Note the presence of CMA   3  +  
bands on the m chromosomes.        G–I  Meta-
phase I in  A. haematicus  without detectable 
bands. Scale bar = 5 μm. For further details 
see figure 1.             
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terminal DAPI + /CMA 3  +  bands on the m chromosomes. 
Interestingly, the only visible band in the metaphase 
spread of  L. gonagra  was a terminal dot on the m chromo-
some ( fig. 3 E, F). Images for other species can be found 
in online supplementary figures 3 and 5.

  Rhopalidae, Largidae and Pyrrhocoridae 
 The karyotype information of these 3 families was 

grouped due to the small number of analyzed species.  E. 
rufipennis  (Largidae) showed 2n = 12A + X0 (online sup-
pl. figs. 4A, 5K) with one pair larger than the other biva-
lents and with terminal CMA 3  + /DAPI +  bands on all 

chromosome pairs (online suppl. fig. 4B, C).  Harmostes 
prolixus  (Rhopalidae) showed 2n = 10A + 2m + X0 and 
only one terminal CMA 3  +  heterochromatic dot on one 
autosomal pair (online suppl. figs. 4D, F, 5J). The 3 spe-
cies of  Dysdercus  (Pyrrhocoridae) showed 2n = 12A + X0 
(online suppl. figs. 4J, O, 5L) with terminal CMA 3  +  het-
erochromatic dots on one autosomal pair of  D. imitator  
and  D. fulvoniger  (online suppl. fig. 4H, I, K, L). How-
ever,  D. ruficollis  exhibited chromosomes without het-
erochromatic bands (online suppl. fig. 4N, O). Images of 
these families can be found in online supplementary fig-
ures 4 and 5.

Table 1.  Summary of chromosome number, occurrence and distribution of CMA3/DAPI bands in the 25 heteropterans analyzed

Family/species 2n Autosomes Sex chromosomes m chromosomes  Figures

DAPI CMA3 DAPI CMA3 DAPI CMA3

Pentatomidae
Antiteuchus tripterus (Fabricius, 1787) 14 0 + 0 0 W W 1
Euschistus cornutus��Dallas, 1851) 14 0 + 0 0 W W SF 2
Euschistus heros (Fabricius, 1798) 14 0 + + 0 W W 1, SF 5
Arvelius albopunctatus (De Geer, 1773) 14 0 + + + W W 1
Mormidea v-luteum (Lichtenstein, 1796) 14 0 + 0 0 W W SF 2 
Edessa rufomarginata (De Geer, 1773) 14 +++ + + 0 W W 1, SF 5
Edessa impura��Bergroth, 1891) [Det. Fernandes-UFPA] 14 +++ + + 0 W W SF 2, 5
Edessa meditabunda (Fabricius, 1784) 14 +++ +++ + + W W 1, SF 5

Coreidae
Spartocera cf. fusca (Thunberg, 1783) (= Corecoris fuscus) 24 +++ +++ + + + + SF 3, 5
Chariesterus armatus (Thunberg, 1825) 25 0 0 0 0 0 0 2, SF 5
Leptoglossus gonagra (Fabricius, 1775) 21 0 0 0 0 0 + 3, SF 5
Leptoglossus zonatus (Dallas, 1852) 21 0 + 0 0 0 0 3, SF 5
Phtia picta (Drury, 1770) 21 +++ +++ + + + + 2, SF 5
Athaumastus haematicus (Stål, 1860) 21 0 0 0 0 0 0 SF 3
�
�������� histrio (Fabricius, 1803) 27 0 +++ 0 + 0 0 2
Hypselonotus interruptus��Hahn, 1831) 19 ++ ++ + + 0 0 SF 3
Hypselonotus fulvus (De Geer, 1775) 19 +++ +++ + + + + 2
Acanonicus hahni (Stål, 1860) 19 0 + 0 0 W W SF 3
Cebrenis sp. 23 0 0 0 0 0 0 SF 3
Althos obscurator (Fabricius, 1803) 25 0 0 0 0 0 0 SF 3

Rophalidae
Harmosthes prolixus��Stål, 1860) 13 0 + 0 0 + + SF 4, 5

Largidae
Euryophthalmus rufipennis��Laporte, 1832) 13 +++ +++ + + W W SF 4, 5

Pyrrhocoridae
Dysdercus ruficollis (Linnaeus, 1758) 13 0 + 0 0 W W SF 4
Dysdercus imitator��Blöte, 1931) 13 0 0 0 0 W W SF 4
Dysdercus fulvoniger (De Geer, 1773) 13 0 + 0 0 W W SF 4, 5

 SF = Supplementary figures; W = without m chromosome; 0 = without bands; + = 1 bivalent pair with a band; ++ = 2–6 bivalents 
with bands; +++ = all bivalents with 7–14 chromosomes  with bands.
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  Discussion 

 Conventional Karyotypes 
 A few number of heteropterans have been studied by 

more sophisticated cytogenetic tools [Papeschi and Bres-
sa, 2006], but they have been sufficient to show a great 
diversity of karyotypes between infraorders. However, 
they were insufficient to establish parameters such as 
modal number and main evolutionary lines of karyotype 
differentiation for all suborders. The infraorders with a 
higher number of studied species were Cimicomorpha, 
Pentatomomorpha and Nepomorpha, and in some cases, 
the modal numbers were accepted only for families and/
or tribes [Papeschi and Bressa, 2006]. Pentatomidae is the 
most studied family of Pentatomomorpha, and for all 294 
studied species (85%), the number 2n = 12 + XY has been 
conserved [Rebagliati et al., 2005]. For the 4 species of the 
families Largidae  (E. rufipennis)  and Pyrrhocoridae  (D. 
imitator, D. fulvoniger  and  D. ruficollis)  studied here, the 
chromosome number 2n = 12 + XO was conserved and/
or agrees with the range proposed by Ueshima [1979].

  The family Coreidae, unlike other families studied here, 
displays a larger numerical variation, from 2n = 10 + 2m + 
X0 in  Ceraleptus obtusus  [Xavier, 1945] to 2n = 24 + 2m + 
X 1 X 2 0 in  Anisocelis foliacea  [Piza, 1945]. The more com-
mon number is 2n = 18 + 2m + X0 [Ueshima, 1979; Pape-
schi and Bressa, 2006]. Besides this number, our data show 
a variation from 2n = 16 + 2m + X0 to 2n = 24 + 2m + X0. 
Many of these numerical variations found in heteropter-
ans have been attributed to dysploidy events, such as frag-
mentation and fusion of holocentric chromosomes [Ueshi-
ma, 1979]. Thomas [1987] has suggested that nondisjunc-
tion of holocentric chromosomes is the main reason for 
chromosome number variation in heteropterans. Howev-
er, Guerra [2008] suggested that organisms with holocen-
tric chromosomes seem to be more prone to dysploidy 
than aneuploidy. We did not observe any evidence of non-
disjunction in these heteropterans, and only diploids with-
out evidence of univalents and/or homomorphic trivalents 
were observed at meiosis. Thus, our results do not indicate 
the occurrence of aneuploidy in these species.

  Many of the numerical chromosome variations in het-
eropterans have been attributed to fragmentation of sex 
chromosomes, such as in  S. batatas  [Franco et al., 2006], 
and/or by the occurrence of m chromosomes, such as in 
 Pachylis argentinus  [Papeschi et al., 2003]. Although we 
observed fragmentation of sex chromosomes only in  S. 
fusca  (discussed below), m chromosomes were observed 
in 11 species of coreids, excluding  A. hahni . These ‘spe-
cial’ chromosomes were first mentioned by Wilson 

[1905], and later referred to by Sotero-Caio et al. [2011]. 
These chromosomes appeared as univalents in coreids, 
without pairing or chiasmata. Although the m chromo-
somes found here exhibited no signs of pairing, the lit-
erature shows at least one record of m bivalents in  Coreus 
marginatus  [Nokkala, 1986; Suja et al., 2000].

  Heterochromatin Distribution 
 CMA 3 /DAPI bands showed a large variation in the 

distribution (number, location and size) of heterochro-
matin in these 25 species of Heteroptera. We found 5 dif-
ferent profiles of band distribution: (i) 5 species without 
detectable bands; (ii) 10 species with only 1 dot in auto-
somes; (iii) 1 species with 1 dot on the m chromosomes; 
(iv) 8 species with a high accumulation of bands, and (v) 
1 species with intercalary bands. Our results corroborate 
the findings of Bressa et al. [2005], who also reported a 
variability in heterochromatin occurrence and distribu-
tion in 5 species of Coreidae, including  A. haematicus  
(without bands) and  L. impictus  and  P. picta  (with termi-
nal bands). A variation in the heterochromatic distribu-
tion was also observed in other organisms with holocen-
tric chromosomes, as observed in representatives of Pso-
coptera and Odonata [Golub et al., 2004; De Gennaro et 
al., 2008].

   E. heros  (Pentatomidae) was interesting because this 
species showed a polymorphism in a CMA 3  +  band, which 
could be associated with differences in amplification/de-
letion of repeats between homologues. We also observed 
that in  E. cornutus  the position of a CMA 3  +  dot was ter-
minal, while in  E. heros  this dot was intercalary. This is 
some evidence of the importance of chromosome rear-
rangements in Pentatomidae, even when compared with 
large rearrangements described for the Reduviidae  T. in-
festans  [Poggio et al., 2013].

  Species that showed large accumulation of bands
belong to Pentatomidae, Coreidae and Largidae. Among 
Pentatomidae, only species of  Edessa  accumulated bands. 
 E. meditabunda  showed CMA 3 /DAPI terminal bands, 
while  E. rufomarginata  and  E. impura  showed predomi-
nantly DAPI terminal bands. Rebagliati et al. [2003] also 
reported the occurrence of terminal CMA 3 /DAPI bands 
in all chromosomes of  E. meditabunda  and  E. rufomar-
ginata , but their results were different from ours, espe-
cially in relation to CMA 3  +  bands in  E. rufomarginata . 
 Euryophthalmus rufipennis  (Largidae) and  P. picta ,  S.  cf. 
 fusca ,  H. interruptus  and  H. fulvus  (Coreidae) showed the 
same band distribution as in  E. meditabunda . These band 
profiles are another indication of the immense variability 
involving heterochromatin, and they show that the Pen-
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tatomidae, Coreidae and Largidae share similar dynamics 
of amplification/reduction of this repetitive DNA family.

  The accumulation of intercalary bands, which are un-
common among Coreidae, was observed here only in  H. 
histrio  (CMA 3  bands). Intercalary bands were described 
also for  S. batatas  [Franco et al., 2006] and  Holhymenia 
rubiginosa  [Bressa et al., 2008], but only this last species 
exhibited a large number of bands equilocally arranged. 
Additionally,  H. histrio  showed heteromorphic bands on 
2 bivalents, in 5 samples of a Londrina-PR population. 
Bressa et al. [2008] also reported different polymorphisms 
involving the size, number and position of heterochro-
matic bands on different chromosome pairs of  H. rubigi-
nosa . This suggests that these rearrangements could be 
common in the genus Holhymenia.

  In general terms, when heterochromatin appears 
abundantly accumulated in the chromosomes of heterop-
terans, it appears equilocally distributed, either in termi-
nal regions in Pentatomidae, Coreidae or Largidae, or in 
intercalary positions, such as in  H. histrio  (Coreidae). We 
cannot explain this equilocality on the basis of the Rabl 
configuration due to the lack of primary constriction of 
holocentrics, but the proposal of Guerra [2000] for the 
equidistribution of heterochromatin based on the recep-
tivity of some regions (structural or functional) to the ac-
cumulation and/or amplification of repetitive DNA se-
quences seems to be reasonable. At least for the terminal 
bands, the equilocal dispersion could be explained by the 
proximity of telomeres to the nuclear envelope in inter-
phase to organize the ‘bouquet polarization’. According 
to Rodríguez-Iñigo et al. [1996], it could provide a cyto-
logical basis for the satellite DNA homogenization on 
both homologous and non-homologous chromosomes. 
However, there is other evidence that heterochromatin in 
holocentrics does not disperse following the equilocal 
model as in Aphidae (Hemiptera) [Criniti et al., 2005].

  Characterization of Sex Chromosomes 
 Three sex determining systems were observed for the 25 

species of heteropterans studied here: XY/XX, XX/X0 and 
X n X n /X n 0. These results are consistent with the literature, 
which describes the XX/XY, XX/X0, X n X n /X n Y n  and neo-
XneoY systems [Ueshima, 1979; Franco et al., 2006; Bressa 
et al., 2009]. Pentatomidae always exhibited the XY system, 
with a clear difference in the size of these chromosomes, 
except for  A. albopunctatus , which showed sex chromo-
somes of similar size. We drew our attention to this species 
because one sex chromosome was DAPI +  while the other 
was CMA 3  + . Among the other pentatomids, only  E. heros  
showed one sex chromosome totally DAPI + . Although 

Camacho et al. [1985], González-García et al. [1996] and 
Lanzone and Souza [2006] observed that in some Pen-
tatomidae the X chromosome is always larger than Y, 
mainly on the basis of studies of male and female karyo-
types, we found that the difference in size was not large 
enough to assume which one was X or Y, especially in  A. 
albopunctatus . Moreover, there was a large difference in the 
occurrence and distribution of heterochromatin in these 
sex chromosomes with at least 3 distinct situations: (i) with-
out any band, (ii) with only DAPI +  bands, and (iii) with only 
CMA 3  +  bands. This heterochromatic diversity could lead to 
mistakes in sex chromosome determination (X or Y).

  The coreids, rophalids, pyrrhocorids and largids showed 
the X0 determining system, except for  S. fusca  (Coreidae). 
In general, sex chromosomes were smaller than autosomes. 
Besides the X chromosome of  H. histrio , the sex chromo-
somes of other species seem to follow the trend of interme-
diate to small size in relation to autosomes [Papeschi et al., 
2003; Lanzone and Souza, 2006; Bressa et al., 2008].

  Our findings also indicate that there is extensive varia-
tion in the sex chromosomes with regard to size and or-
ganization, which can include chromosomes of similar 
size or not and the presence or absence of CMA 3  and 
DAPI bands. Thus, these results do not allow the discrim-
ination between X or Y sex chromosomes, except in cases 
where males and females are studied separately and with 
evident chromosome markers for each of these.

  Conclusions 

 Our findings in 25 species of 5 families of heteropterans 
demonstrate that the chromosome number is variable, 
from 2n = 13–27, but that it can be conserved in some 
groups, such as the Pentatomidae with 2n = 14. Despite 
this conserved status, members of this family show a large 
variation in heterochromatin (occurrence, accumulation 
and distribution). When we compared Pentatomidae with 
Coreidae, the latter family exhibited more varied karyo-
types with regard to both chromosome number and size 
and/or heterochromatin distribution. In conclusion, we 
present a good sampling of karyotype diversity and new 
insights for future studies on the processes of karyotype 
differentiation and evolution in heteropterans.
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4.3 Capítulo 3 

Origin and distribution of AT-rich repetitive DNA families in Triatoma 

infestans (Heteroptera)
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Abstract 15 

 Triatoma infestans, one of the most important vectors of Trypanosoma cruzi, is very 16 

interesting model, because it shows large interpopulation variation in the amount and 17 

distribution of heterochromatin. This polymorphism involved the three large pairs up to 18 

almost all autosomal pairs, including the sex chromosomes. To understand the dynamics of 19 

heterochromatin variation in T. infestans, we isolated the AT-rich satDNA portion of this 20 

insect using reassociation kinetics (C0t), followed by cloning, sequencing and FISH. After 21 

chromosome localization, immunolabeling with anti-5-methylcytosine, anti-H4K5ac and 22 

anti-H3K9me2 antibodies was performed to determine the functional characteristics of 23 

heterochromatin. The results allowed us to reorganize the karyotype of T. infestans in 24 



accordance with the distribution of the families of repetitive DNA using seven different 25 

markers. We found that two arrays with lengths of 79 bp and 33 bp length have a strong 26 

relationship with transposable element sequences, suggesting that these two families of 27 

satDNA probably originated from Polintons. The results also allowed us to identify at least 28 

four chromosome rearrangements involved in the amplification/dispersion of AT-rich 29 

satDNA of T. infestans. These data should be very useful in new studies including those 30 

examining the cytogenomic and population aspects of this very important species of insect. 31 

32 

Key-words: heterochromatin, holocentric chromosomes, immunolabeling, molecular 33 

cytogenetic, satDNA, Reduviidae 34 

35 

Abbreviations: TRF: Tandem Repeats Finder; TIRs: terminal inverted repeats; SSC: 36 

saline-sodium citrate; SDS: sodium dodecyl sulfate; FITC: fluorescein isothiocyanate; 37 

DABCO: 1,4-diazabicyclo[2.2.2]octane; PBS: phosphate-buffered saline; BSA: bovine 38 

serum albumin; TRITC: tetramethylrhodamine-5-(and-6-)isothiocyanate; FISH: 39 

fluorescence in situ hybridization; HCl: hydrochloric acid; CMA3: chromomycin A3; DAPI: 40 

4’-6-diamidino-2-phenylindole; Tris: tris(hydroxymethyl)aminomethane hydrochloride; 41 

MgCl2: magnesium chloride; NCBI: National Center of Biotechnology Information. 42 

43 

1. Introduction 44 

Heterochromatin is known as a nuclear fraction with high methylation/condensation 45 

state, low functional activity, late replication and lower susceptibility to recombination 46 

events. These characteristics are common in regions rich is repetitive DNA families, such 47 

as satDNA, and they can vary between species in size, composition and amount of motifs 48 



(Schmidt and Heslop-Harrison, 1998; Subirana and Messeguer, 2013). This diversity of 49 

heterochromatic regions can be exemplified by proximal chromosome regions of some 50 

coleopterans, whose composition of repetitive DNA families depends on the species or 51 

group of species. Palorus subdepressus, for instance, shows an array with a length of 72 bp, 52 

tandemly repeated in the pericentromeric region, whose sequence is also found in other 53 

coleopterans, such as Chysolina americana (Plohl et al., 1998; Lorite et al., 2001). In 54 

Aphididae, a family of Hemiptera with holokinetic chromosomes, three families of 55 

repetitive DNA were found: i) an array of 3.000 bp length associated with a terminal GC-56 

rich region in the X chromosome, ii) a 200 bp length sequence associated with an AT-rich 57 

region of X chromosome and iii) a satDNA obtained after HaeIII cleavage associated with 58 

AT-rich regions of autosomes (Mandrioli et al., 1999). 59 

The traditional methods of chromosome banding (C-Giemsa and CMA/DAPI) have 60 

been useful for revealing the location, size and AT- or GC-rich composition of 61 

heterochromatic regions in the chromosomes and nucleus, and also for producing markers 62 

to compare karyotypes of different species and/or groups of insects (Schneider et al., 2006; 63 

Bressa et al., 2008; Cabral-de-Mello et al., 2010; Panzera et al., 2010; Bardella et al., 2014). 64 

Especially for Triatominae, chromosome banding allows us to identify intra- and 65 

interspecific variations in the amount and distribution of heterochromatin (Panzera et al., 66 

1992; Panzera et al., 1995). An example is the intraspecific polymorphism of chromosome 67 

band patterns between natural populations of Triatoma infestans (Panzera et al., 1992; 68 

Panzera et al., 1995). Panzera et al. (2004) suggested that Andean population of T. infestans69 

exhibit heterochromatin in 14 to 20 chromosomes, and about 1.825 ± 0.49 pg per haploid 70 

nucleus. However, non-Andean populations seems to be from four to seven chromosomes 71 

carrying bands and a C-value with about 1.401 ± 0.111 pg. These data suggested that 72 



polymorphisms were associated with migration and adaptation of genomes during the 73 

occupation of this species in new environments in South America. Karyotype changes were 74 

also observed in the distribution of 18S rDNA in distinct population of T. infestans, whose 75 

hybridization signals can occur in autosomes or alosomes (Panzera et al., 2012). 76 

Triatoma infestans has holokinetic chromosomes and 2n = 20 + XY, like the 77 

majority of species of Triatominae (Ueshima, 1979; Panzera et al., 1996). Karyotypes of T. 78 

infestans are asymmetrically organized into three large pairs and the remainder smaller 79 

pairs, with the Y chromosome always larger than X in the non-Andean group (Pérez et al., 80 

2000), because the X not have C-heterochromatin. But in Andean group, both sex 81 

chromosomes are the similar size and both of them with C-heterochromatin (Panzera et al., 82 

2004). This species is also particularly intriguing because it belongs to a hematophagous 83 

insect group that is important to public health in Latin America, since they are the main 84 

vectors of the parasite Trypanosoma cruzi, responsible for Chagas disease. According to 85 

data from the World Health Organization (http://www.who.int/topics/chagas_disease/en/), 86 

about 10 million people were infected with T. cruzi in 2012.  87 

To understand the origin and variation of heterochromatic regions in T. infestans, 88 

we used Cot DNA reassociation to isolate and to produce a plasmid microlibrary with short 89 

DNA fragments, followed by cloning and SANGER sequencing. This strategy was useful 90 

in selecting different repetitive DNA fragments for physical mapping. The main goal of this 91 

study was to determine the mechanisms that account for the origin, distribution and 92 

diversity of AT-rich heterochromatin that occupy predominantly the terminal chromosome 93 

regions. 94 

95 



2. Material and Methods 96 

97 
2.1. Biological material 98 

99 
Ten males and eight females of T. infestans from Andean regions of Peru, South 100 

America, were obtained from the insectarium of the Faculty of Pharmaceutical Sciences, 101 

Department of Biological Sciences, UNESP, Araraquara, Brazil. The insects were obtained 102 

from a colony that was founded from seven nymphs in August 1983. Samples were used 103 

for the removal seminiferous tubules and DNA extraction. Gonads were dissected out and 104 

the tubules were directly fixed in a freshly prepared solution of methanol:acetic acid (3:1, 105 

v:v) and then stored at -20ºC. Genomic DNA was extracted from the leg muscles of males 106 

and females using the DNeasy Blood & Tissue Kit (Qiagen). 107 

108 

2.2. Obtaining the C0t fraction and microlibrary construction 109 

Repetitive DNA was isolated using renaturation kinetics (Zwick et al., 1997), with 110 

modifications, using a pool of males and females of T. infestans. About 10 μg DNA 111 

dissolved in 0.3 M NaCl were autoclaved at 1.4 atm (120 ºC) for 15 min, and the size of 112 

fragments was checked by electrophoresis in 1% agarose. The sample was denatured at 95 113 

ºC for 10 min, placed on ice for 10 s and transferred to a water bath at 65 ºC for 10 min. 114 

The sample was then incubated at 37 ºC for 8 min with S1 nuclease and the reaction 115 

stopped by the addition of liquid nitrogen. DNA was purified using phenol-chloroform 116 

(1:1, v:v), and subsequently cloned using the Blunt-Ended PCR Cloning Kit (GE 117 

Healthcare Life Sciences), with E. coli TOP10 competent cells. Six hundred fifty-three 118 

clones were used in a pre-selection by PCR with the primers M13 F (5'-119 



GTAAAACGACGGCCAG-3') and M13 R (5'-CAGGAAACAGCTATGAC-3') to obtain 120 

fragments larger than 200 bp. 121 

Inserts were sequenced on a 3500xL automatic sequencer (Applied Biosystem), 122 

according to the manufacturer's procedures. The quality of sequences was tested with 123 

Phred-PhrapConsed software. After the identification and removal of parts of the vectors 124 

using Vector Screen (NCBI), the consensus sequences were contrasted against the NCBI 125 

(http://www.ncbi.nlm.nih.gov/blast), Flybase (http://flybase.org) and RepeatMasker 126 

(http://www.girinst.org/censor/index.php) gene banks. To get repetitive stretches, the 127 

sequences were tested with RepFind (http://cagt.bu.edu/page/REPFIND_submit) and 128 

Tandem Repeats Finder (TRF) (http://tandem.bu.edu/trf/trf.html) software. 129 

130 

2.3. Cytogenetics 131 

Seminiferous tubules were incubated in 60% acetic acid for 10 min, and then 132 

minced and squashed. Coverslips were removed by freezing in liquid nitrogen. For 133 

chromosome banding (Sumner, 1982, with small modifications) all the seminiferous 134 

tubules of six males were used. Slides were aged at room temperature and also incubated in 135 

0.2 M HCl for 10 min at room temperature, 5% barium hydroxide for 2 min at 60 ºC and 2×136 

SSC, pH 7.0, for 60 min at 60 °C. The samples were dehydrated in an alcohol series, air 137 

dried and stained with fluorochromes: 0.5 mg/mL chromomycin A3 (CMA3) for 1.5 h and 2 138 

μg/mL 4’-6-diamidino-2-phenylindole (DAPI) for 30 min. Slides were mounted with a 139 

medium composed of glycerol/McIlvaine buffer (pH 7.0) 1:1, plus 2.5 mM MgCl2. After 140 

image acquisition, slides were treated with ethanol:acetic acid (3:1, v:v) for 15 min and 141 

stained with 2% Giemsa. 142 



For FISH, the slides were prepared as previously described, and probes were labeled 143 

with biotin or digoxigenin using nick translation (Invitrogen). 18S rDNA, which was 144 

isolated from Antiteuchus tripterus [see 16] was also labeled by nick translation, and used 145 

as control for FISH. Preparations were treated with a mixture composed of 100% 146 

formamide (15 _L), 50% polyethylene glycol (6 _L), 20× SSC (3 _L), 100 ng sonicated 147 

calf thymus DNA (1 _L), 10% SDS (1 _L), and 100 ng probe (4 _L each). This mixture 148 

was denatured at 70 °C for 10 min, immediately chilled on ice for 5 min, and added to the 149 

slide. Chromosome denaturation/hybridization was done at 90 °C for 10 min, 48 °C for 10 150 

min, and 38 °C for 5 min, using a thermal cycler (MJ Research, Inc., USA). Samples were 151 

incubated in a humidified chamber at 37 °C overnight. Post-hybridization washes were 152 

carried out in SSC, with 80% stringency. Probes were detected with avidin-FITC or anti-153 

digoxigenin-rhodamine. The post-detection washes were performed in 4× SSC/0.2% Tween 154 

20, all at room temperature. Slides were mounted with 25 _L of a solution composed of 155 

glycerol (90%), DABCO (2.3%), 20 mM Tris-HCl, pH 8.0 (2%), 2.5 mM MgCl2 (4%), and 156 

distilled water (1.7%), plus 1 _L of 2 _g/mL DAPI.  157 

158 

2.4.Immunolabeling 159 

For detection of hypermethylated chromatin, seminiferous tubules were fixed in 160 

methanol-acetic acid (3:1, v:v), washed in 1× PBS buffer, dissected in a drop of 60% acetic 161 

acid and squashed. After removing the coverslips by freezing, slides were placed in 1× PBS 162 

for 5 min. The material was blocked in a solution of 3% BSA in 1× PBS plus 0.2% Tween 163 

20 (w/v) at room temperature for 10 min. Afterwards, samples were incubated with a 1:100 164 

(v:v) solution of mouse anti-5-methylcytosine primary antibody (Eurogentec) diluted in 1× 165 

PBS with 3% BSA plus 0.2% Tween 20 (w/v), in a moist chamber at 4°C overnight. 166 



TRITC-conjugated goat anti-mouse secondary antibody (DAKO R0270) was used for 167 

detection. 168 

For the detection of modified histones, H3K9me2 and H4K5ac (Feitoza et al., 2011, 169 

with modifications], the seminiferous tubules were fixed in freshly prepared 4% (w/v) 170 

paraformaldehyde for 60 min at room temperature and squashed in a drop of cold 1× PBS. 171 

After removing the coverslips by freezing, samples were blocked in a solution of 3% BSA 172 

in 1× SSC plus 0.2% Tween 20 (w/v) at room temperature for 10 min. Afterwards, samples 173 

were incubated with anti-H4K5ac and anti-H3K9me2 antibodies (Upstate Biotechnology, 174 

USA), both diluted 1:100 in 1× PBS with 3% BSA, in a moist chamber for 24 h at 4 ºC. 175 

Samples were washed in 1× PBS and developed with FITC-conjugated goat anti-rabbit IgG 176 

secondary antibody (Sigma), diluted 1:100 in 1× PBS with 3% BSA, for 3 h at 37 ºC. Slides 177 

were mounted as described for FISH. 178 

2.5. Images and idiogram 179 

Light microscopy images were acquired in grayscale using a Leica DM 4500 B 180 

microscope, equipped with a DFC 300FX camera. For FISH and immunolabeling, the 181 

images were acquired in grayscale and pseudocolored (red or blue for DAPI, greenish-182 

yellow for FITC or TRITC and red for rhodamine) and overlapped using the Leica IM50 183 

4.0 software. All images were optimized for best contrast and brightness using Adobe 184 

Photoshop CS software. The idiogram was organized comparing at least five doubly 185 

hybridized metaphases, using each probe, and that were subsequently treated for 186 

CMA3/DAPI-banding.187 



188 

3. Results  189 

3.1. Conventional analysis and chromosome banding 190 

Males of T. infestans from Peru showed karyotypes with 2n = 20 + XY. The 191 

chromosomes were arranged into eight large (pairs 1 to 4), six medium (pairs 5 to 7) and 192 

six small (pairs 8 to 10) chromosomes plus two sex chromosomes (Figure 1A and J). C-193 

CMA/DAPI staining showed bands located preferentially in the terminal/subterminal 194 

regions of large and medium pairs and sex chromosomes. Pairs 1-3 displayed bands at both 195 

ends, with CMA bands always adjacent and more internally located in relation to DAPI 196 

bands, except for pair 4, which showed only one CMA band on one end of one homologous 197 

chromosome (Figure 1B-D and J). Pairs 5 and 6 exhibited only a terminal DAPI band on 198 

one end and pair 7 showed a heteromorphism between homologous chromosomes, with one 199 

DAPI band terminal and the other intercalary (Figure 1B-D and J). Heteromorphism were 200 

also observed in pair 4 (Figures 1B-C and J). Pairs 8-10 exhibited no bands. The sex 201 

chromosomes showed differences in size. The X chromosome was the larger and displayed 202 

two DAPI bands on the ends, while the smaller Y showed a large DAPI band, which 203 

occupied more than half the length of the chromosome (Figure 1B-D and J). To recognize 204 

the sex chromosomes, C-CMA/DAPI staining was performed in ganglions of eggs, where 205 

the X chromosomes showed DAPI bands at both ends (data not shown). 206 

207 

3.2. C0t microlibrary 208 

It was produced a microlibrary containing 653 clones, and these, 97 clones with 209 

inserts over than 300 bp length were chosen for sequencing. Fifty-nine of them (60.82%) 210 

displayed a tandem repetitive sequence of 79 bp length. The pTi-103 clone stood out 211 



because it possessed 9.6 copies of repeats with 79 bp containing 30% A, 19% C, 21% G 212 

and 29% T (Figure 2A). This AT-rich repeated family did not show identity with other 213 

sequences deposited in databases until now. The TRF software produced a consensus 214 

sequence for the clone pTi-103, which differed from other clones only by 6% mismatches 215 

and 1% indels (Figure 2A). 216 

The pTi-95 clone with a length of 536 bp (Figure 3A) showed two repeats of 79 bp 217 

with high identity as those described above, directly adjacent to a stretch of 370 bp with 218 

67% identity (E-value of 5e-14) for the Polinton-1_Deu of Drosophyla eugracilis (Figure 219 

3A). The 370-bp stretch was used to search protein domains to determine its location in the 220 

complete sequence of Polinton-1_Deu, which we used as a reference. The search in the 221 

Blastp showed of 92% identity (E-value of 4e-54) to an ATPase domain of the Maverick 222 

Polinton of the wasp Cortesia congregata, gi|531033916 (Figure 3B). Another clone, pTi-223 

34 clone with a length 336 bp (Figure 3C), also showed a stretch of 85 bp with 73% 224 

identity (E-value of 0.099) to Polinton-1 HM of the cnidarian Hydra magnipapillata225 

(Figure 3C). Although these segments are small in relation to the large size of Polintons (≥226 

20 kb), the recurrent appearance of stretches of these Polintons adjacent to 79 bp repetitive 227 

family did not seem to be a coincidence. 228 

Seven clones from the microlibrary (7.22%) exhibited a tandem repetitive sequence 229 

of 33 bp length. The pTi-78 was one of these clones, with 42% A, 14% C, 17% G and 26% 230 

T (Figure 2B). The analysis using the TRF software produced a consensus sequence for the 231 

pTi-78 clone, which differed from other motifs by 6% mismatches and 1% indels (Figure 232 

2B). Interestingly, two clones containing the 33 bp repetitive family (pTi-399 and pTi-646) 233 

exhibited adjacent fragments or entire sequences identical to those of the 79 bp repetitive 234 



family (described above). It was more evident in the pTi-646 clone, which was 282 bp 235 

length with 26% A, 21% C, 13% G and 40% T, and had a consensus sequence with 7% 236 

mismatches and 0 indels (Figure 2C). It showed that these repetitive families are co-located 237 

and interspersed in chromosomes. The sequences with 79 bp and 33 bp exhibited no 238 

identity with each other. The pTi-382 clone with a length of 225 bp exhibited an 8 bp 239 

tandem repetitive motif, with 27 occurrences and 38% A, 28% C, 1% G and 33% T. The 240 

TRF software produced an AT-rich consensus sequence with 18% mismatches and 0 indel 241 

(Figure 2D). 242 

243 

3.3. FISH and immunolabeling 244 

Probes from five clones (pAt05, pTi-103, pTi-95, pTi-78 and pTi-382) were used to 245 

generate markers in the mitotic chromosomes of T. infestans. The pAt05 clone containing 246 

the 18S rDNA showed a hybridization signal at one end of pair 4 (Figure 1E and J). The 247 

pTi-78 probe containing motifs of 33 bp hybridized in both terminal regions of pairs 1 and 248 

2, at one end of pairs 4 and 5 and on the X chromosome (Figure 1F, H and J). The pTi-103 249 

probe with motifs of 79 bp hybridized in both terminal regions of pairs 1, 2 and 3, and the 250 

X chromosome (Figure 1G, H and J). Hybridization signals were also detected in one 251 

terminal region of pairs 4 and 5 (Figure 1G, H and J). The pTi-95 probe produced signals in 252 

the same that pTi-103 probe (data not shown). The pTi-382 probe hybridized in one of the 253 

terminal regions of pairs 2 and 3 (Figure 1I and J).  254 

Because the pTi-646 clone has shown the motifs with 79 and 33 bp positioned 255 

immediately adjacent in the insert, we performed FISH with the pTi-103 and pTi-78 probes 256 

in the diffuse stage at prophase I of meiosis to detect the accurate co-location of these 257 

satDNA families. The slightly condensed state of chromatin in early meiotic prophase, 258 



allowed to detect completely independent signals with the pTi-78 probe (Figure 4A-B (box) 259 

and D), as well as the accurate co-location in at least at four positions in prophase cells 260 

(Figure 4B-C, E-F). This co-location was also observed in the nuclei of spermatocytes, 261 

when all heterochromatic regions appeared to be associated, creating one single 262 

chromocenter (Figure 5A-B, box). 263 

Spermatocytes exhibited one or two chromocenters concentrating all 264 

heterochromatic regions in a “bouquet-like” structure (Figure 5A-B). This highly 265 

methylated chromocenter was certified after immunolabeling using anti-5-methylcytosine 266 

(Figure 5C-D), and also in subterminal and terminal chromosome regions of autosomes and 267 

sex chromosomes (Figure 5I-K). This idea was also supported by the spermatocyte 268 

immunolabeling results, using the H3K9me2 and H4K5ac antibodies against modified 269 

histones typical of heterochromatin and euchromatin, respectively. In this case, the 270 

chromocenters evidenced by DAPI (Figure 5E, G) appeared immunolabeled with anti-271 

H3K9me2 but not with anti-H4K5me (Figure 5F-H). 272 

273 

4. Discussion  274 

 Heteroptera exhibits chromosome numbers from 2 to 80, but the subfamily 275 

Triatominae is differentiated within this suborder of insects because a chromosome number 276 

of 2n = 20 + XY or XX is maintained with small variations related to sex system (Ueshima, 277 

1979). Intra- and interspecific variations in chromosome sizes are associated with the 278 

accumulation of heterochromatin, which can be in one or both chromosome ends (Panzera 279 

et al., 1992; Panzera et al., 1995). Our results using samples of T. infestans from the Andes 280 

exhibited a large number of terminal bands (14-20), including those of the sex 281 

chromosomes as proposed in the literature (Panzera et al., 2004). Our analysis allowed a 282 



better definition of the karyotype of T. infestans. We found it arranged into four large, three 283 

medium and three small pairs, and two sex chromosomes, the X being slightly larger than 284 

Y. Although Panzera et al. (2004) have reported the occurrence of heterochromatic bands in 285 

both sex chromosomes, there was no a perfect definition to differentiate each sex 286 

chromosomes based in the bands profile. Our results, using chromosome banding in 287 

embryonic ganglia of samples from Peru, allowed to visualize that X chromosome was 288 

always bigger than Y, due to differential accumulation of heterochromatin. 289 

The genus Triatoma is recognized by maintenance of chromosome number as well 290 

as by mobility of rDNA sites, in both sex and autosomes (Panzera et al., 2012). The 291 

location of 18S rDNA sites was also reported for 25 species of Pentatomomorpha, but with 292 

predominance of signals in the terminal region in autosomes (Bardella et al., 2013). The 293 

Andean samples of T. infestans used here exhibited the 18S rDNA sites in the terminal 294 

region of fourth autosomal pair, differently for non Andean samples studied by Bardella et 295 

al. (2010), that showed hybridization signals with 18S rDNA probe in the X chromosome, 296 

as previously suggested by (Panzera et al., 2012). Although the variations in the 18S rDNA 297 

are well documented in the literature, in comparative terms this of moderately repetitive 298 

DNA family appears to contribute less to the karyotype variability of T. infestans than the 299 

heterochromatin. 300 

Seven chromosome profiles were observed according to distribution and co-location 301 

of repetitive DNA families, which were: i) without bands (pairs 8, 9 and 10), ii) only with 302 

DAPI bands (pairs 6, 7 and Y), iii) with CMA/DAPI bands co-locating with pTi-78/pTi-103 303 

signals (pair 1), iv) with CMA/DAPI bands co-locating with pTi-78/pTi-103/18S rDNA 304 

signals (pair 4), v) with CMA/DAPI bands co-locating with pTi-78/pTi-103/pTi-382 signals 305 

(pair 2), vi) with CMA/DAPI bands co-locating with pTi-103/pTi-382 signals (pair 3) and 306 



vii) with DAPI bands co-locating with pTi-78/pTi-103 signals (pair 5 and X chromosome). 307 

This complexity in the occurrence and distribution of satDNA families in the 308 

heterochromatic regions of T. infestans shows that each repetitive DNA family can present 309 

distinct and independent levels of amplification/reduction and dispersion along the 310 

karyotype. These results reinforce the idea that heterochromatin is more dynamic than the 311 

euchromatic fraction in relation to the process of karyotypes differentiation among 312 

populations of T. infestans in South America (Panzera et al., 1995). An example of 313 

differential distribution of satDNA families along karyotypes was described in Ixodes 314 

scapularis (Acari - Ixodida), where AT-rich satDNA was preferentially located at terminal 315 

positions (ISR-1 and 2) on the chromosomes, with one pair bearing an interstitial site with 316 

ISR-3 (Meyer et al., 2010). 317 

 Examples such as these of T. infestans and I. scapularis, which show the sharing of 318 

specific chromosomal regions with different types of satDNA, or of Megoura viciae319 

(Aphidae) where the heterochromatin is restricted to the X chromosome (Bizzaro et al., 320 

1996), or still of Chrysolina americana (leaf beetle) which display the same satDNA in all 321 

chromosomes of complement (Lorite et al., 2001), could demonstrate the immense 322 

variability of behavior and distribution of satDNA in insects. Especially for co-location of 323 

different repetitive DNA families, T. infestans can be a good example because different 324 

kinds of AT-rich satDNA appeared to co-locate with 18S rDNA, microsatellites and 325 

transposable elements, as showed here. 326 

The sequence of the pTi-95 clone showed two tandem DNA families, namely the 327 

satDNA of 79 bp immediately adjacent to the other sequence 370 bp in length, which 328 

exhibited identity to a stretch of Polinton-1_Deu of Drosophila and to a stretch of the 329 

ATPase gene from the Maverick-like polinton of Cortesia congregata. The literature 330 



contains some examples of co-location of satDNA with transposable elements. In 331 

Drosophila melanogaster, for instance, some classes of TEs such as copia, gypsy, element 332 

G and Bari-1, are located in the heterochromatin of autosomes and sex chromosomes 333 

(Pimpinelli et al., 1995). This has also been seen in vertebrates (cichlids), where Rex334 

retrotransposons are found co-locating with pericentromeric heterochromatin (Valente et 335 

al., 2011). 336 

 The pTi-78 clone was particularly interesting because the 33-bp motif exhibited 337 

identity with the TIRs of Polintons. These regions show a universal fragment 5'-AG 338 

(Kapitonov and Jurka, 2007; Pritham et al., 2007), which was also identified in the 33-bp 339 

motifs of seven clones, represented here by the pTi-78 and pTi-646 clones. Besides, the 340 

motif of clone pTi-78 showed a TTTCAT fragment that was duplicated, inverted and 341 

internally positioned in the 33 bp motif. This drew our attention because the presence of 342 

two T residues in the TTTCAT motif is one of the determinant factors for elongation of 343 

Polintons by polymerase B (Méndez et al., 1992). In the pTi-646 clone, for instance, we 344 

found two internal motifs (TACTTC and TTTCCAT) separated by 12 nucleotides. The 345 

substitution of T by C in the first fragment and the addition of a C in the second fragment 346 

could be enough to initiate a sliding-back replication, which may explain the tandem 347 

amplification of the 33-bp DNA family in T. infestans. This case could be similar to that 348 

described by Méndez et al. (1992) for bacteriophage /29. The origin of satDNAs from 349 

TIRs or other fragments of transposable elements has been previously reported in the 350 

literature. In the coleopteran Misolampus goudoti, for example, two satDNA families 351 

(EcoRI with 196 bp and PsdI with 1.2 kb), showed similarity with TIRs of class II 352 

transposable elements (Pons, 2004). 353 



 Another fact that drew out attention is the short length of the motifs of the clones 354 

pTi-103 (79 bp), pTi-78 and pTi-646 (33 bp) and pTi-382 (8 bp). The satDNA sequences of 355 

more than 100 bp in length seem to be more common in plants and animals (Heslop-356 

Harrison and Schwarzacher, 2011; Palomeque and Lorite, 2008). As examples we can 357 

mention the 180 bp repeat of Eyprepocnemis plorans, Orthoptera (López-León et al., 1995) 358 

and 189 bp repeat of Myzus persicae, Hemiptera (Mandrioli et al., 1999), and some are 359 

even much larger, such as the 1.2 kb repeat described for Misolampus goudoti, Coleoptera 360 

(Pons, 2004). But short motifs, such as the AT-rich satDNA reported here for T infestans, 361 

were also reported for Messor structor, Hymenoptera, whose motif showed a length of 79 362 

bp (Lorite et al., 1999), and Anopheles gambiae, Diptera, with a length of 53 bp 363 

(Krzywinski et al., 2005). At least for T. infestans, these short motifs may have originated 364 

and amplified from Polintons, arranging the end the AT-rich heterochromatin. This idea is 365 

reinforced by AT-rich chromosomal regions that show the main cytological features 366 

defining heterochromatin, such as hypermethylation and lack of euchromatin, which were 367 

recognized here by immunolabeling with anti-5-Mc, anti-H3K9me2 and anti-H4K5ac, 368 

respectively. Evidences produced after immunolabeling with anti-H3K9me2 antibody 369 

showed that the heterochromatic regions in insects, such as Mamestra brassicae370 

(Lepidoptera) and Acyrthosiphon pisum (Aphidae), are also rich in lysine-methylated 371 

histone H3 (Borsatti and Mandrioli, 2005; Mandrioli and Borsatti, 2007). 372 

 The variability in chromosome band patterns between distinct populations of T. 373 

infestans is well documented in the literature (Panzera et al., 1995; Panzera et al., 2004). 374 

However, the origin of this variability is poorly understood. Besides learning a little more 375 

about the origin of the AT-rich portion in T. infestans, our study produced new 376 

chromosome markers that can be used to check the dynamics of rearrangements that play a 377 



role in karyotype differentiation in this species, as well as in other species of the genus 378 

Triatoma. Besides evidence of the participation of a Polinton-like element in the origin of 379 

AT-rich repeat arrays in T. infestans, we can recognize different mechanisms of 380 

rearrangement occurring at the ends of chromosomes, such as sliding-back (33-bp motif), 381 

slippage replication (8-bp motif), amplification associated with equilocal dispersion (at the 382 

chromosome ends) and inversion (pair 7). The greatest impediment was related to obtaining 383 

the complete sequence of the Polinton, because these giant TEs have been reconstructed 384 

only in silico. Future advances in this area depend on large-scale genomic sequencing to 385 

identify, characterize and certify the class or kind of Polinton-like element that now seems 386 

to be elected as the source of this large variation in AT-rich heterochromatin in T. infestans. 387 
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Legends 505 

Figure 1. Chromosome mapping in spermatogonial metaphases of Triatoma. infestans. (A) 506 

Chromosome stained with 2% Giemsa. (B) C-DAPI banding. Note one chromosome of pair 507 

7 with a interstitial band (arrowhead). The X chromosome presented DAPI+ bands on each 508 

chromosomal end, while the Y chromosome is almost entirely DAPI+. (C) C-CMA 509 

banding. Note CMA+ bands at subterminal regions in the pairs 1-3, as well as the absence 510 

of bands in the sex chromosomes. Observe also a heteromorphism in pair four 511 

(arrowheads). (D) C-CMA/DAPI band overlapping. Note the adjacent positioning of bands 512 

with those CMA more internally located in relation to DAPI bands. (E) FISH with 18S 513 

rDNA (pAt05). Ribosomal signals were detected at subterminal region of pair 4. (F) FISH 514 

with pTi-78 probe showing a terminal distribution in pairs 1, 2, 4, 5 and X chromosome. 515 

(G) FISH with pTi-103 probe showing a terminal distribution in pairs 1, 2, 3, 4, 5 and X 516 

chromosome. (H) Overlap of the images F and G showing the adjacent and independent 517 



positioning of 33 bp and 79 bp motifs at chromosome ends, respectively. (I) FISH with pTi-518 

382 at one end of pairs 2 and 3. (J) Idiogram showing all chromosome signals in T. 519 

infestans. Bar = 5μm 520 

521 

Figure 2. Information on the sequences obtained from the clones of C0t microlibrary of T. 522 

infestans. (A) Sequence of pTi-103 clone with 760 bp length showing a tandemly repeated 523 

of 79 bp. Note the predominance of A and T bases. (B) Sequence of pTi-78 clone with 348 524 

bp length showing a tandemly repeated of 33 bp. Note also the predominance of A and T 525 

bases. (C) Sequence of pTi-646 clone with of length 282 bp. Note that tandemly repeated 526 

sequence with 33 bp motifs is immediately adjacent to 79 bp motif (box). Highlighting in 527 

yellow in the clones pTi-78 and pTi-646 identifies the conserved region 5'-AG, and 528 

highlighting in gray corresponds to sequences related to Polinton elongation. (D) Sequence 529 

of pTi-382 clone with length of 225 bp, which contains a AT-rich CTATCTAA (box) motif 530 

27 times repeatedly. 531 

532 

Figure 3. Information on the sequences obtained from the clones of C0t microlibrary of T. 533 

infestans. (A) Sequence of pTi-95 clone with 536 bp length. The gray and yellow colors are 534 

indicating two adjacent stretches, 79 bp and 370 bp, respectively. The last sequence (370 535 

bp) exibits 67% of identity with Polinton-1_Deu of D. eugracilis (Kojima and Jurka, 2012), 536 

separated by 26 bp. (B) Scheme showing the positioning of ATPase gene in a partial 537 

organization of Polinton of Cortesia congregate, whose protein domain have identity with 538 

the fragment of 370 bp of pTi-95 clone. Different amino acids between sequences are 539 

represented with gray box. (C) Sequence of pTi-34 clone with length of 336 bp. The yellow 540 



box highlights a 85 bp length sequence that shows 73% similarity with a Polinton-1_HM of 541 

Hydra magnipapillata (Bao and Jurka, 2008). 542 

543 

Figure 4. Location of probes pTi-78 and pTi-103 in the diffuse stage chromatin of prophase 544 

I of Triatoma infestans. (A) DAPI staining. (B) Double FISH using the pTi-103 and pTi-78 545 

probes. Arrowhead indicates a terminal chromosome region that presents a yellow signal 546 

referent to the 79 bp motif (pTi-103 probe). Note in the top box another terminal 547 

chromosome region containing only red signals relative to 33 bp of pTi-78 clone. (C-F) 548 

Boxes with high magnification that are showing co-locations between sequences of 33 bp 549 

and 79 bp after FISH. Arrows in B indicate part of two bivalents labeled by probes. Bar = 550 

5μm. 551 

552 

Figure 5. Composition and heterochromatic behavior in spermatocytes of Triatoma 553 

infestans. (A-B) FISH using the pTi-103 and pTi-78 probes in spermatocytes of T. 554 

infestans. (A) DAPI staining and (B) chromocenter hybridized with both probes. Note 555 

regions with co-location of signals (top of chromocenter) and only with 79 bp motifs 556 

(yellowish green) on down of chromocenter (see the box). (C, E and G) Spermatocytes 557 

counterstained with DAPI. (D) Immunolabeling with anti-5mC. Note the hypermethylated 558 

chromocenters. (F) Immunolabeling with anti-H3K9. Note the strong signals in 559 

chromocenters. (H) Immunolabeling with anti-H4K5ac. Note absence of signal in 560 

chromocenters. (I) Mitotic metaphase with C-banding stained with 2% Giemsa. (J) C-561 

Mitotic metaphase counterstained with DAPI. (K) Immunolabeling with anti-5mC. Note 562 

the signals of hypermethylation at the end of chromosomes and in almost all the sex 563 

chromosomes (arrows in I, J and K). Bar = 5μm. 564 
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Abstract 

Species of infraorder Cimicomorpha of Heteroptera exhibit holokinetic chromosomes, 

with inverted meiosis for alosomes and high diversity in chromosome numbers. The 

family Reduviidae that belongs to this infraorder is also recognized by high variability 

of occurrence and distribution of heterochromatic bands and 18S rDNA sites. We 

studied here five species of Reduviidae with predator habit, which are especially 

interesting because individuals are found solitary and dispersed in nature. Karyotypes 

exhibited a large variation in chromosome number, karyotype asymmetry and 

distribution of repetitive DNA families. Although some of these species it was possible 

to detect the role of chromosome rearrangements in karyotype differentiation, the 

constancy of location of heterochromatin in the terminal chromosome regions in some 



species, seems to be reinforcing the model of dispersion of repetitive DNA families 

based in the “bouquet configuration”. 

Key-words: Chromosome number, CMA3/DAPI banding, Heteroptera, molecular 

cytogenetics, 18S rDNA 

Introduction

 Species of Heteroptera share several cytogenetical features, such as the 

occurrence of holokinetic chromosomes, inverted meiosis for sex chromosomes, and 

large variation in chromosome numbers (Ueshima, 1979; Pérez et al., 2000; Papeschi 

and Bressa, 2006; Bardella et al., 2013). Chromosome numbers vary from 2n = 4 in 

Nepomorpha, Belostomatidae to 2n = 80 in Cimicomorpha, Miridae (Ueshima, 1979), 

and this last infraorder presents the greatest karyotype diversity among Heteroptera 

(Kuznetsova et al., 2011). These insects exhibit also a large diversity in the 

heterochromatic patterns (Bressa et al., 2005; Panzera et al., 2010; Bardella et al., 

2014a; Chirino et al., 2013), although heterochromatin tend to occur predominantly at 

terminal chromosome regions (Papeschi and Bressa, 2006). Among Reduviidae 

(Cimicomorpha), the species of Triatominae exhibit large differences in the amount and 

number of heterochromatic bands (Panzera et al., 2004; Panzera et al., 2010). In this 

taxonomical group, Triatoma infestans is the most well studied species in relation to 

interpopulational heterochromatic variation (Panzera et al., 2004; Bardella et al., 2010). 

The repetitive DNA family that has been located in chromosomes of 

Pentatomomorpha and Cimicomorpha is the 18S rDNA (Bardella et al., 2010; Poggio et 

al., 2011; Panzera et al., 2012). In Triatominae the number of hybridization sites varied 

from 1 to 3, which were located in both auto and alosomes, like observed in other 



species of Cimicomorpha (Grozeva et al., 2011; Poggio et al., 2011; Panzera et al., 

2012). The location of 18S rDNA in Pentatomomorpha drew attention because of the 36 

species studied until now, only four of them hybridization sites appeared in sex 

chromosomes (González-García et al., 1996; Bressa et al., 2008; Grozeva et al., 2011; 

Bardella et al., 2013). 

 Cimicomorpha includes species with different habits, such as predators and 

hematophagous (Reduviidae), phytophagous (Miroidae) and ectoparasites (Cimicidae 

and Polyctenidae) (see Schuh and Slater, 1995). Reduviidae predators are interesting 

because they act in the biological control of other insects, either in natural or 

agricultural environment (Schaefer and Panizzi 2000); however, the study of these 

insects is difficult because they are always found scattered in nature, without the 

formation of colonies. The small number of individuals obtained in collects limits the 

comparative analyzes of relatedness, karyotype evolution, as well as population 

approaches. We done a considerable investment to obtain the largest possible number of  

predators of Cimicomorpha to increase knowledge of the karyotypical structure of these 

insects. Our goal was generate a great volume of data to compare with results produced 

until now for other groups of heteropterans, but especially to verify the tendency of 

distribution of heterochromatin and 18S rDNA sites based in the model of bouquet for 

dispersion of repetitive DNA families. 

Materials and Methods

 Five species of Heteroptera belonging to the family Reduviidae (subfamily 

Harpactorinae) were collected in the South and Southeast regions of Brazil. Information 

about the collection localities are given in the Table 1. Gonads were dissected out and 



the seminiferous tubules were fixed in a solution of methanol-acetic acid (3:1, v:v) and 

stored at −20 ºC. For slides preparation, tubules were incubated in 45% acetic acid for 

10 min at room temperature, and immediately squashed in a drop of 45% acetic acid. 

Coverslips were removed after freezing in liquid nitrogen, and the slides air-dried. For 

conventional staining the slides were treated with HCl 1M for 6 min and stained with 

2% Giemsa. The samples were air-dried and mounted with Entellan. Chromosome 

measurements were made in five metaphases for each species, where were determined 

the haploid relative length of each chromosome pair and the symmetry index, which 

was calculated from the ratio between the sizes of the largest and the smallest 

chromosomes (Stebbins, 1971). 

 For chromosome banding (Sumner, 1982, with small modifications), slides were 

aged for three days after removal of coverslips. Afterwards, the slides were incubated in 

0.2 N HCl for 10 min at room temperature, 5% barium hydroxide at 60ºC for 2 min, and 

2× SSC, pH 7.0, at 60ºC for 60 min. Samples were treated with fluorochromes: 0.5 

mg/mL chromomycin A3 (CMA3) for 1.5 h and 2 _g/mL 4’-6-diamidino-2-phenylindole 

(DAPI) for 30 min. Preparations were mounted with a medium composed of 

glycerol/McIlvaine buffer, pH 7.0 (1:1, v:v), plus 2.5 mM MgCl2. 

Fluorescent in situ hybridization (FISH) was done as described in Bardella et al. 

(2010) and performed in samples of at least two individuals. The pAt05 clone, 

containing a partial sequence of the 18S rDNA of Antiteuchus tripterus (Pentatomidae, 

Pentatomomorpha) was labeled with digoxigenin-11dUTP by nick translation (Dignick 

translation Roche). Preparations were treated with 30 μL of hybridization mixture 

containing 4 μL of labeled probe (100 ng), 15 μL of 100% formamide, 6 μL of 50% 

polyethylene glycol, 3 μL of 20× SSC, 1 μL of 10% SDS and 1 μL of water. 

Chromosome denaturation/renaturation was done at 90ºC for 10 min using a thermal 



cycler, and hybridization was performed for 12 h at 37 ºC in a humidified chamber. 

Post-hybridization washes were carried out in SSC buffer, with a 60% stringency due to 

heterologous hybridization. For detection, anti-digoxigenin-rhodamine in 5% BSA/4× 

SSC/0.2 Tween 20 (1:100, v:v) was used. The post-detection washes were performed in 

4× SSC/0.2 Tween 20 at room temperature. Slides were mounted with 26 μL of 

DABCO solution (1,4-diaza-bicyclo (2.2.2)-octane (2.3%), 20 mM Tris-HCl, pH 8.0 

(2%) and glycerol (90%) in distilled water), 2 μL of 2 μg/mL DAPI and 1 μL of 50 mM 

MgCl2. 

All chromosome images were acquired separately in grayscale mode using a 

Leica DM 4500 B microscope equipped with a DFC 300FX camera. Pseudo coloration 

of blue/red colors for DAPI, greenish for CMA and greenish-yellow for rhodamine were 

done using Leica IM50 4.0, as well as the overlapping of images. 

Results

The chromosome number of five species of Reduviidae varied from 2n = 12 + 

XY (Figure 1D), with chromosomes measuring from 4,95 _m to 2 _m in M. confusa, 

until 2n = 24 + X1X2X3Y (Figure 1B), with chromosomes measuring from 2,89 _m to 

1,44 _m in C. nigroannulatus (Table 2). Karyotypes appeared asymmetrical (Figure 2), 

especially in M. confusa, which exhibited a almost bimodal karyotype with three major 

and three smaller autosomal pairs (Figure 1D). In the remainder species, such as A. 

lanipes (Figure 1A), the asymmetry happens because the largest bivalent is much larger 

than the smallest chromosome of the complement (Figure 1 and 2 and Table 2). If we 

compare the karyotype asymmetry using only autosomes, ie. without sex chromosomes, 

we can note that differences in the asymmetry index among species is very small. 



The predominant sex determination system was the simple XY, except to C. 

nigroannulatus that presented X1X2X3Y (Figure 1B). The difficult of keeping these 

species in captivity made it impossible to obtain eggs, and this prevented the 

differentiation of the sex chromosomes X and Y. Then, these chromosomes are named 

here generically as only “sex chromosomes”. The comparison of measurements of sex 

chromosomes showed that X1X2X3 of C. nigroannulatus are five times smaller than sex 

chromosomes of M. confusa, R. flavicans and Z. laticornis, until ten times smaller than 

sex chromosomes of A. lanipes (Table 2, Figure 1). 

 The chromosome banding exhibited a large variability in the occurrence C-

DAPI+/CMA3
+ bands among five species. Apiomerus lanipes presented C-

DAPI+/CMA3
+ terminal bands only in the largest autosome and in the sex chromosomes 

(Figure 3A-B). However, the C-DAPI+ band occupied both sex chromosomes, while the 

C-CMA3
+ bands appeared as a subterminal dot in one sex chromosome, but not in the 

other, which was totally C-CMA3
+ (Figure 3A-B). In M. confusa, the two largest 

autosomes and the sex chromosomes exhibited C-DAPI+/CMA3
+ bands in both terminal 

regions (Figure 3 D-E). The third largest bivalent showed a C-DAPI+/CMA3
+ band in 

only one terminal region, while the three smaller pairs were totally C-DAPI+/CMA3
+

(Figure 3D-E). Unlike A. lanipes and M. confusa, who showed a larger concentration of 

bands, C. nigroannulatus and Z. laticornis exhibited C-DAPI+/CMA3
+ band in only one 

of the sex chromosomes (Figures 3G-H and J-K, respectively). Repipta flavicans

exhibited no heterochromatic bands (Figure 3M-N). 

FISH showed variation in the number, location and signal intensity of 18S 

rDNA, but the signals appeared always in terminal position of the five species analyzed. 

In A. lanipes, one of the sex chromosomes showed hybridization signal in only one 

chromosome end, while the other sex chromosome exhibited sites of 18S rDNA in both 



terminal chromosome regions (Figure 3C). In C. nigroannulatus one of the signals of 

18S rDNA was located in the largest sex chromosome, while the other hybridization 

signal was observed in one of fragmented X chromosomes (Figure 3I). Only in R. 

flavicans one hybridization signal in one of the sex chromosomes was observed (Figure 

3O). In M. confusa (Figure 3F) and Z. laticornis (Figure 3L) the signals of 18S rDNA 

appeared in large autosome bivalents. The size of 18S rDNA signals varied also among 

species. The brighter signals was detected in both sex chromsomes of A. lanipes (Figure 

2C), and the signal was less intense in one of sex chromosome of R. flavicans (Figure 

2O). 

Discussion

 Species of Reduviidae present a variation in chromosome numbers ranging from 

2n = 10 + XY in the genus Polididus (Manna and Deb-Mallich, 1981) until 2n = 32 + 

XY in the genus Bagauda (Ueshima, 1979), and the species analyzed here are within 

this range. In the context of Cimicomorpha, species of Reduviidae present low 

chromosome numbers variation, when these species are compared with members of 

Miridae (from 2n = 14 to 80) and Cimicidae with 2n = 14 to 50 (Kuznetsova et al., 

2011). The large variation in the chromosome numbers within Heteroptera has been 

associated with chromosome rearrangements, such as fusion and fission of holokinetic 

chromosomes (Ueshima, 1979). 

 Although dysploidy is recognized as an important evolutionary mechanism for 

karyotype differentiation in organisms with holokinetic chromosomes, for both plants 

(Guerra, 2008) and animals (Svartman et al., 2004), the lack of global phylogenetic 

analyzes, as well as the lack of chromosome markers for most heteropterans, it becomes 

very speculative indicate which karyotypes could be plesiomorphic or apomorphic, and 



also evolutionary direction for certain rearrangements. This seems to be more 

complicated when we considered the group of Heteroptera predators. However, there 

are occasional cases where this variation can be well perceived, such as in C. 

nigroannulatus, where the numerical diversity is clearly linked to the fragmentation of 

sex chromosomes, which produced the system X1X2X3Y (Ueshima, 1979; Poggio et al. 

2007). 

 The five karyotypes of Reduviidae studied here can be considered relatively 

asymmetrical, due to relative decrease in size of autosomes, or by differences in the size 

of the sex chromosomes. The karyotype asymmetry observed in C. cosmoclopius, R. 

flavicans and Z. laticornis is very similar to those found in members of other families of 

Heteroptera, such as Holhymenia rubiginosa, Coreidae (Bressa et al., 2008) and Edessa 

rufomarginata, Pentatomidae (Rebagliati et al., 2003). The karyotype asymmetry 

observed in A. lanipes drew attention due to occurrence of a big bivalent in comparison 

to other chromosomes of the complement, which could be associated to reduction in the 

chromosome number (2n = 22 + XY), when it is compared with the modal number of 

subfamily Harpactorinae (2n = 24 + XY). One similar case was of Dichelops furcatus

with 2n = 10 + XY, Pentatomidae, where one much larger bivalent derived by 

chromosome fusion was reported (Rebagliati et al., 2001). The most striking case of 

asymmetry found here was the bimodal karyotype of M. confusa. Grozeva et al. (2006) 

reported also other case of almost bimodal karyotypes for Macrolophus costalis, 

Miridae. When we compared these cases with Triatoma infestans, we can perceive that 

asymmetry may be associated with other mechanisms of differentiation of karyotypes, 

such as the differential accumulation of repetitive DNA families at the chromosome 

ends (Panzera et al., 1995; Panzera et al., 2004; Bardella et al., 2014b). However, this 



seems not be the case of A. lanipes and M. confusa, because if we disregard the 

heterochromatin, the karyotypes will remain asymmetrics. 

 The high variation in the occurrence and distribution of heterochromatin in auto 

and alosomes among species of Heteroptera is very well documented in the literature, 

even to these bands that occur predominantly at terminal chromosome regions (Bressa 

et al., 2005; Panzera et al., 2010; Bardella et al., 2014a). Among the predator species 

studied here, M. confusa drew attention by accumulation of heterochromatin in the 

terminal regions of all chromosomes, while in other species, such as A. lanipes, the 

heterochromatin was restricted in terminal regions of one bivalent and in all extension 

of both sex chromosomes. The best studied species of Reduviidae in relation to the 

distribution of heterochromatin was Triatoma infestans. This species exhibits bands 

always in terminal chromosome regions, but there is a large variation in the 

chromosome pairs that are carrying bands, which is associated with the geographic 

distribution of each population in the South America (Panzera et al., 2004). High 

interspecific variation in distribution of heterochromatin was also reported to other 

species of infraorder Cimicomorpha (Grozeva and Nokkala, 2001, Panzera et al., 2010), 

and Pentatomomorpha (Bardella et al., 2014a). Despite this high variability found in the 

occurrence of heterochromatin, the constancy in the positioning of bands in terminal 

chromosome regions, suggests that mechanisms of dispersion of heterochromatin could 

be associated with positioning of satDNA in interphase. The model of “bouquet 

polarization”, which postulates that the chromosomes can be closely associated by the 

ends to the nuclear envelope, could support the idea of sharing of repetitive DNA 

families at terminal chromosomal regions. This model was proposed by Rodriguez Iñigo 

et al. (1996) when cells in the transition interphase-prophase I of Dociostaurus genei, 

Orthoptera were studied. Among Heteroptera, the “bouquet configuration” was 



mentioned for Pyrrhocoris apterus, Pyrrhocoridae (Suja et al., 2000), Graphosoma 

italicum, Pentatomidae (Viera et al., 2009) and Triatoma infestans (Bardella et al., 

2014b). Except for Holhymenia histrio that presents interstitial bands in all 

chromosomes (see Bardella et al., 2014a), the terminal pattern of heterochromatin 

distribution, such as found here in M. confusa, was also found in all species of 

Heteroptera that accumulate or not bands. The total absence of bands, such as found 

here in R. flavicans and in two species of Coreidae: Athaumastus haematicus (Bressa et 

al., 2005) and Chariesterus armatus (Bardella et al., 2014a), as well as Microtomus 

lunifer, Reduviidae (Poggio et al., 2011) and Mormidea v-luteum, Pentatomidae 

(Bardella et al., 2014a), where there are a small number of heterochromatic bands 

observed, suggest that accumulation or not of heterochromatin might be intrinsic in each 

genome, regardless of the phylogenetic relationships of the species studied to date. 

 The five species of predators studied here presented a variation in number (1-3) 

and distribution (auto- and alosomes) of 18S rDNA sites. This finding is within the 

range previously reported to Reduviidae (Bardella et al., 2010; Panzera et al., 2012). 

There was a proposal that species of Reduviidae presented 18S rDNA sites always 

associated sex chromosomes, when these ones happen in a simple sex system, and that 

18S rDNA sites appears always in autosomes when there are multiple sex system 

(Poggio et al., 2011). However, our data in C. nigroannulatus, that present 

fragmentation of X chromosome, suggest an additional situation for distribution of 18S 

rDNA sites, since this site appears in one of the X chromosome fragmented and in the Y 

chromosome. There is at least one example in the Dysdercus albofasciatus, 

Pyrrhocoridae, where the 18S rDNA site anteriorly present in one autosome was 

rearranged to one X chromosome after a fusion event, generating a sex system 

composed by neo-X and neo-Y (Bressa et al., 2009). Even though we have not observed 



chromosomal rearrangements directly associated with the mobility of 18S rDNA sites, 

for that we can not rule out this possibility given the great variations in the distribution 

of 18S rDNA sites in 49 species of Cimicomorpha studied until now. On the other hand, 

in the infraorder Pentatomomorpha, there is a trend for distribution of 18S rDNA sites 

among autosomes, with always two hybridization sites (Bardella et al., 2013). 

 The five species of predator studied here belong to family Reduviidae, tribe 

Harpactorinae, however, these species are not closely related within of this tribe. 

Despite of phylogenetical distance among them, it was possible to recognize some 

cytogenetical features that are common to Reduviidae, and even with other groups of 

Heteroptera, such as: i) large variation in chromosome number, ii) karyotype 

asymmetry, iii) XY/XX sex system, iv) terminal location of heterochromatin and 18S 

rDNA sites and v) high heterochromatic diversity among sex chromosomes, including 

chromosomes without bands, with C-CMA+/DAPI+, only C-CMA+, only C-DAPI+ and 

with dots C-CMA+. The group of predators need of more attention and investments in 

field collection because, as these insects are solitary life, the knowledge of intra-and 

inter-diversity seems to be always fragmented. In our view, studies involving species of 

Reduviidae predators to produce an evolutionay model, such as already described for T. 

infestans, will require a long time. 
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Legends 

Table 1. Number of males analyzed and localities collection with chromosome number 

of each species. 

Table 2. The average of the absolute sizes of chromosomes with all measurements 

displayed in μm. 

Figure 1. Conventional staining with Giemsa 2% in five species of Reduviidae. (A)

Apiomerus lanipes with 2n = 22 + XY. (B) Cosmoclopius nigroannulatus with 2n = 24 + 

X1X2X3Y. (C) Zelus laticornis with 2n = 24 + XY. (D) Montina confusa with 2n = 12 + 

XY. (E) Repipta flavicans with 2n = 18 + XY. The arrowheads indicate the sex 

chromosomes. Bar = 5μm. 

Figure 2. Comparison of symmetry index with sex chromosomes and without sex 

chromossomes among the five species of Reduviidae. Note the symmetry index with 

sex chromosomes larger than the symmetry index without sex chromosomes, except for 

A. lanipes. 

Figure 3. C-CMA/DAPI banding and FISH with 18S rDNA probe in meiotic cells of 

five Cimicomorpha species. (A-C) Apiomerus lanipes. Note the terminal DAPI+/CMA +

bands in the largest bivalent (arrows), one of the sex chromosomes totally DAPI+/CMA+

(arrowhead) and other sex chromosome fully DAPI+ (arrowhead) with a terminal CMA+ 

dot.�Note the signals of 18S rDNA in both sex chromosomes (arrow). (D-F) Montina 

confusa. Note the DAPI+/CMA+ terminal bands in most chromosomes and 18S rDNA 

sites in one of the largest bivalent (arrow). (G-I) Cosmoclopius nigroannulatus. Note the 



Y chromosome entirely DAPI+/CMA+ (asterisk) and hybridization signals of 18S rDNA 

probe in the sex chromosomes (arrows). (J-L) Zelus laticornis. Observe one of the sex 

chromosomes totally DAPI+/CMA+ (asterisk) and sites of 18S rDNA in one bivalent 

(arrow). (M-O) Repipta flavicans. Note the hybridization signals in one of the sex 

chromosomes (arrows). Arrowheads indicated the sex chromosomes. Bar = 5μm.�



Table 1. Number of males analyzed and collection localities in Brazil (MS = state of Mato Grosso 

do Sul; PR = state of Paraná; SP = state of São Paulo). 

Species/Tribe Males Localities Coordinates Chromosome 
number 

Apiomerini 
Apiomerus lanipes (Fabricius, 1803) 6 Nova Alvorada do Sul-MS 21° 23.058'S 54° 23.012'W 2n=22+XY 
Harpactorini 
Cosmoclopius nigroannulatus (Stål, 1986) 4 Londrina-PR 23° 18.394'S�51° 12.139'W 2n=24+X1X2X3Y 
Zelus laticornis (Herrich-Schäffer, 1853) 5 Assis-SP 22° 28.645'S 50° 20.983'W 2n=24+XY 
Montina confusa (Stål, 1859) 3 Assis-SP 22° 28.645'S 50° 20.983'W 2n=12+XY 
Repipta flavicans (Amyot & Serville, 1843) 5 Borrazópolis-PR 23° 56.225'S 51° 35.280'W 2n=18+XY 
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5. Discussão Geral (concisa) 

 Nos heterópteros pertencentes à infraordem Pentatomomorpha a variação no número 

cromossômico é recorrente em diferentes famílias como Coreidae e Lygaeidae (PAPESCHI; 

BRESSA, 2006). Em nossas análises abrangendo 30 espécies de Pentatomomorpha e 

Cimicomorpha a variação no número cromossômico foi confirmada e associada a eventos de 

disploidia. 

Diferentes estudos exibem como uma das características citogenéticas dos 

heterópteros a localização terminal da heterocromatina (BRESSA et al., 2005; PANZERA et 

al., 2010; CHIRINO et al., 2013). Nós observamos uma grande diversidade na distribuição 

heterocromática desses insetos com a distinção de seis perfis: i) 6 espécies (Athaumastus 

haematicus, Cebrenis sp., Althos obscurator, Chariesterus armatus, Dysdercus ruficollis e 

Repipta flavicans) sem bandas detectáveis, ii) 10 espécies (Antiteuchus tripterus, Arvelius 

albopunctatus, Euschistus cornutus, Euschistus heros, Leptoglossus zonatus, Acanonicus 

hahni, Harmostes prolixus, Harmostes prolixus, Dysdercus fulvoniger e Mormidea v-luteum)

com apenas um dot nos autossomos , iii) 1 espécie (Leptoglossus gonagra) com dot nos m 

cromossomos, iv) 2 espécies (Cosmoclopius nigroannulatus e Zelus laticornis) com 

heterocromatina apenas nos cromossomos sexuais, v) 10 espécies (Edessa rufomarginata, 

Edessa impura, Edessa meditabunda, Spartocera fusca, Phtia picta, Hypselonotus 

interruptus, Hypselonotus fulvus, Euryophthalmus rufipennis, Montina confusa e Apiomerus 

lanipes) com acumulação de bandas terminais, e vi) 1 espécie (Holhymenia histrio) com 

banda intercalar. O modelo de dispersão heterocromática sugerido para as espécies com 

acúmulo de heterocromatina terminal foi a dispersão equilocal, sustentado pela associação das 

pontas dos cromossomos em uma estrutura em “bouquet” proposta por Rodriguez-Iñigo et al. 

(1996) em Dociostaurus genei, Orthoptera. Com isso, o posicionamento intersticial de bandas 

como em Holhymenia histrio, Coreidae seria uma característica derivada. 
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Outra característica dos heterópteros, relatada principalmente na subfamília 

Triatominae, Reduviidae (Cimicomorpha), é a distribuição dos sinais de DNAr 18S nos 

autossomos ou nos cromossomos sexuais, com a variação no número de sítios entre espécies e 

populações (PANZERA et al., 2012). A mesma diversidade observada por Panzera et al. 

(2012) nos triatomíneos foi confirmada em cinco espécies de Reduviidae. Diferentemente, 

nossas análises em 25 espécies de Pentatomomorpha evidenciaram uma predominância no 

número de sinais de hibridização (2) e a tendência de distribuição dos sítios de DNAr 18S 

entre os autossomos. 

Um dos principais modelos citogenéticos dentro dos heterópteros é Triatoma 

infestans, Reduviidae. Nesta foram observadas variações heterocromáticas intraespecíficas em 

insetos de regiões geográficas distintas (Panzera et al., 2004). Entretanto, pouco era conhecido 

sobre a natureza das famílias de DNAs repetitivos neste organismo. Com a obtenção das 

sondas pTi-78 e pTi-103 compostas, respectivamente, pelas sequências curtas de 33 bp e de 

79 bp de comprimento, conseguimos identificar a composição e origem do DNA satélite rico 

em AT. Essas sequências foram possivelmente originadas a partir de elementos de 

transposição gigantes, conhecidos como Polintons. Além dessas sequências, foi encontrada 

um família de microsatélite (pTi-382) com 8 bp de comprimento e também associada a uma 

das regiões terminais dos pares 2 e 3 de T. infestans.  
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6. Conclusões gerais 

Os esforços nas coletas dos heterópteros ocorridas durante esses quatro anos 

resultaram na captura de 30 espécies diferentes. Essas nos forneceram um material biológico 

rico para o estudo citogenético. Entretanto, como espécies pertencem a grupos taxonômicos 

distintos e pouco relacionados, as nossas expectativas em elaborar um modelo contemplando 

a evolução cromossômica do grupo ficou deficiente. Embora essa dificuldade tenha ocorrido, 

nós evidenciamos algumas características citogenéticas presentes nos diferentes grupos tais 

como: i) predomínio do sistema cromossômico sexual XY/XX; ii) variação no número 

cromossômico; iii) tendência para a localização de bandas heterocromáticas e DNAr 18S nos 

terminais cromossômicos e a iv) a grande variação heterocromática nos cromossomos sexuais; 

1. A assimetria dos cariótipos, bem como a grande variabilidade na distribuição 

heterocromática, a qual foi evidenciada pela ocorrência de bandas: i) C-CMA3
+/DAPI+, ii) C-

CMA3
+, iii) C-DAPI+, iv) dots C-CMA3

,, ou até mesmo v) a presença de heterocromatina por 

toda a extensão dos cromossomos sexuais, indicaram uma relativa dinâmica genômica desses 

insetos associada aos DNAs repetitivos detectáveis por bandeamento cromossômico. 

2. Os sítios de DNAr 18S foram distribuídos preferencialmente entre os 

autossomos em Pentatomomorpha evidenciando a estabilidade desta regiões nesta infraordem. 

Por outro lado, em Cimicomorpha os sítios de DNAr 18S ocorreram nos autossomos ou nos 

cromossomos sexuais, seguindo assim, a variabilidade observada para a família Reduviidae. 

3. O estudo aprofundado sobre a composição do DNA satélite de Triatoma 

infestans indicou a composição de duas sequências curtas no DNA satélite rico em AT, além 

de um microsatélite. A origem dessas sequências foi associada às regiões terminais do 
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elemento transponível conhecido como Polinton. As sondas obtidas aumentaram o número de 

marcas cromossômicas no cariótipo de T. infestans possibilitando a observação da 

organização complexa desse genoma na espécie. 



�

�

�

�

7. Referencias  

ALVES-COSTA, F.A.; WASKO, A.P. OLIVEIRA, C.; FORESTI, F.; MARTINS, C. 
Genomic organization and evolution of the 5S ribosomal DNA in Tilapiini fishes. Genetica, 
v.127, p. 234-252, 2006. 

AKINGBOHUNGBE, A.E. Chromosome numbers of some North American mirids 
(Heteroptera: Miridae). Canadian Journal of Genetics and Cytology, v. 16, p. 251-256, 
1974. 

BARDELLA, V.B.; GAETA, M.L.; VANZELA, A.L.L.; AZEREDO-OLIVEIRA, 
M.T.V. Chromosomal location of heterochromatin and 45S rDNA sites in four South 
American triatomines (Heteroptera: Reduviidae). Comparative Cytogenetics, v. 4, p. 141-
149, 2010. 

BRESSA, M.J.; PAPESCHI, A.G.; MOLA, L.M.; LARRAMENDY, M.L. Meiotic 
studies in Dysdercus Guérin Méneville 1831 (Heteroptera: Pyrrhocoridae). I. Neo-XY in 
Dysdercus albofasciatus Berg 1878, a new sex chromosome determining system in 
Heteroptera. Chromosome Research, v.7, p. 503–508, 1999. 

BRESSA, M.J.; LARRAMENDY, M.L.; PAPESCHI, A.G. Heterochromatin 
characterization in five species of Heteroptera. Genetica, v. 124, p. 307-317, 2005. 

BRESSA, M.J.; FRANCO, M.J.; TOSCANI, M.A.; PAPESCHI, A.G. 
Heterochromatin heteromorphism in Holhymenia rubiginosa (Heteroptera: Coreidae). 
European Journal of Entomology, v. 105, p. 65-72, 2008. 

BRESSA, M.J.; PAPESCHI, A.G.; VÍTKOVÁ, M.; KUBÍCKOVÁ, S.; FUKOVÁ, I.; 
PIGOZZI, M.I.; MAREC, F. Sex chromosome evolution in cotton stainers of the genus 
Dysdercus (Heteroptera: Pyrrhocoridae). Cytogenetic and Genome Research, v. 125, p. 292-
305, 2009. 

BIZZARO, D.; MANICARDI, G.C.; BIANCHI, U. Chromosomal localization of a 
highly repeated EcoRI DNA fragment in Megoura viciae (Homoptera, Aphididae) by nick 
translation and FISH. Chromosome Research, v. 4, p. 392–396, 1996. 

BIZZARO, D.; BARBOLINI, E.; MANDRIOLI, M.; MAZZONI, E.; MANICARDI, 
G.C. Cytogenetic characterization of the holocentric chromosomes in the aphids Myzus 
varians and Myzus cerasi. Caryologia, v. 52, p. 81–85, 1999. 



�

�

�

�

CAMACHO, J.P.M.; BELDA, J.; CABRERO, J. Meiotic behavior of the holocentric 
chromosomes of Nezara viridula (Insecta, Heteroptera) analysed by C-banding and silver 
impregnation. Canadian Journal of Genetics and Cytology, v. 27, p. 491-497, 1985. 

CARVER, M.; GROSS, G.F.; WOODWARD, T.E. Hemiptera (bugs, leafhoppers, 
cicadas, aphids, scale insects, etc. In The Insects of Australia, ed ID Naumann PB Carne , pp. 
429-509. Melbourne, Victoria: Melbourne Univ. Publ. 

CATTANI, M.V.; GREIZERSTEIN, E.J.; PAPESCHI, A.G. Male meiotic behaviour 
and nucleolus organizer regions in Camptischium clavipes (Fabr.) (Coreidae, Heteroptera) 
analyzed by fluorescent banding and in situ hybridization. Caryologia 57(3): 267-273, 2004. 

CHIRINO, M.G.; PAPESCHI, A.G.; BRESSA, M.J. The significance of cytogenetics 
for the study of karyotypes evolution and taxonomy of water bugs (Heteroptera, 
Belostomatidae) native to Argentina. Comparative Cytogenetics, v. 7(2), p. 111-129, 2013. 

COURA, J.R.; DIAS, J.C.P. Epidemiology, control and surveillance of Chagas disease 
- 100 years after its discovery. Memórias do Instituto Oswaldo Cruz, v. 104, p. 31-40, 
2009. 

CRAIG, N.L. Unity in transposition reactions. Science, v. 270, p. 253-254, 1995. 

CRINITI, A.; SIMONAZZI, G.; CASSANELLI, S.; FERRARI, M.; BIZZARO, D.; 
MANICARDI, G.C. X-linked heterochromatin distribution in the holocentric chromosomes of 
the green apple aphid Aphis pomi. Genetica 124: 93–98, 2005. 

FEDOROFF, N. Transposable elements, epigenetics, and genome evolution. Science, 
v. 338, p. 758-759, 2012. 

FRANCO, M.J.; BRESSA, M.J.; PAPESCHI, A.G. Karyotype and male meiosis in 
Spartocera batatas and meiotic behavior of multiple sex chromosome in Coreidae 
(Heteroptera). European Journal of Entomology, v. 103, p. 9-16, 2006. 

FOSSEY, A.; LIEBENBERG, H. Meiosis and nucleolar structures in the stink bug 
Carlisis wahlbergi (Stål) (Coreidae: Heteroptera). Cytobios, v. 81, p. 7-15, 1995. 

GALLO, D. (in memorian); NAKANO, O.; SILVEIRA NETO, S. CARVALHO, R. 
P.; L.; BATISTA, G.C.; BERTI FILHO, E.; PARRA, J.R.P.; ZUCCHI, R.A.; ALVES, S.B.; 
VENDRAMIM, J.D. Entomologia agrícola. 10. ed. Piracicaba: FEALQ, 2002. 



�

�

�

�

GONZÁLEZ-GARCÍA, J.M.; ANTONIO, C.; SUJA, J.A.; RUFAS, J.S. Meiosis in 
holocentric chromosomes: chromatid ends of sex univalents in Graphosoma italicum
(Heteroptera). Chromosome Research, v. 4, p. 124-132, 1996. 

GROZEVA, S.; NOKKALA, S. Chromosome numbers, sex determining systems, and 
patterns of the C-heterochromatin distribution in 13 species of lace bugs (Heteroptera, 
Tingidae). Folia Biol (Kraków), v. 49, p. 29-41, 2001. 

GROZEVA, S.; KUZNETSOVA, V.G.; ANOKHIN, B.A. Karyotypes, male meiosis 
and comparative FISH mapping of 18S ribosomal DNA and telomeric (TTAGG)n repeat in 
eight species of true bugs (Hemiptera, Heteroptera). Comparative Cytogenetics, v. 5(4), p. 
355-374, 2011. 

GUERRA, M.; BRASILEIRO-VIDAL, A.C.; ARANA, P.; PUERTAS, M.J. Mitotic 
microtubule development and histone H3 phosphorylation in the holocentric chromosomes of 
Rhynchospora tenuis (Cyperaceae). Genetica, v. 126, p. 33-41, 2006. 

GUERRA, M.; CABRAL, G.; CUACOS, M.; CONZÁLEZ-GARCÍA, M.; 
GONZÁLEZ-SÁNCHEZ, M.; VEGA, J.; PUERTAS, M.J. Neocentrics and holokinetics 
(holocentrics): chromosomes out of the centromeric rules. Cytogenetic and Genome 
Research, v. 129, p. 82-96, 2010. 

HUGHES-SCHRADER, S.; SCHRADER, F. The kinetochore of the Hemiptera. 
Chromosoma, v.12, p. 327-350, 1961. 

ITUARTE, S.; PAPESCHI, A.G. Achiasmatic male meiosis in Tenagobia 
(Fuscagobia) fuscata (Stål) (Heteroptera, Corixoidea, Micronectidae). Genetica, v.12, p. 199-
206, 2004. 

JURKA, J.; KAPITONOV, V.V.; KOHANY, O.; JURKA, M.V. Repetitive sequences 
in complex genomes: structure and evolution. Annual Review of Genomics and Human 
Genetics, v. 8, p. 241-259, 2007. 

KAPITONOV, V.V.; JURKA, J. Rolling-circle transposons in eukaryotes. 
Proceedings of the National Academy of Sciences, v. 98, p. 8714-8719, 2001. 

KAPITONOV, V.V.; JURKA, J. Self-synthesizing DNA transposons in eukaryotes. 
Proceedings of the National Academy of Sciences, v. 103, p. 4540-4545, 2006. 



�

�

�

�

KAPITONOV, V.V.; JURKA, J. A universal classification of eukaryotic transposable 
elements implemented in repbase. Nature Review Genetics, 2008. 

KONO, S. Analysis of soybean seed injuries caused by three species of stink bugs. 
Japanese Journal of Applied Entomology and Zoology, v. 33, p. 128-133, 1989. 

KUZNETSOVA, V.G.; GROZEVA, S.M.; NOKKALA, S.; NOKKALA, C. 
Cytogenetics of the true bug infraorder Cimicomorpha (Hemiptera, Heteroptera) a review. 
ZooKeys, v. 154, p. 31-70, 2011. 

LONG, E.O.; DAWID, I.B. Repeated genes in eukaryotes. Annual Review of
Biochemistry, v. 49, p. 727-764, 1980.

LANZONE, C.; SOUZA, M.J. Chromosome complement and meiosis in three species 
of the Neotropical bug genus Antiteuchus (Heteroptera, Pentatomidae, Discocephalinae). 
Genetics and Molecular Biology, v. 29, p. 49-55, 2006. 

LÓPEZ-FLORES, I.; GARRIDO-RAMOS, M.M. The repetitive DNA content of 
eukaryotic genomes. Cytogenetic and Genome Research, v. 7, p. 1-28, 2012. 

MANICARDI, G.C.; GAUTAM, D.C.; BIZZARO, D.; GUICCIARDI, E.; 
BONVICINI PAGLIAI, A.M.; BIANCHI, U. Chromosome banding in Aphids: G, C, AluI, 
and HaeIII banding patterns in Megoura viciae (Homoptera, Aphididae). Genome, v. 34, p. 
661-665, 1991. 

MELTERS, D.P.; PALIULIS L.V.; KORF, I.F.; CHAN, W.L. Holocentric 
chromosomes: convergent evolution, meiotic adaptations, and genomic analysis. 
Chromosome Research, v. 20, p. 579-593, 2012. 

MÉNDEZ, J.; BLANCO, L.; ESTEBAN, J.A.; BERNAD. A.; SALAS, M. Iniciation 
of `29 DNA replication occurs at the second 3' nucleotide of the linear template: a sliding-
back mechanism for protein-primed DNA replication. Proceedings of the National 
Academy of Sciences, v. 89, p. 9579-9583, 1992. 

MONTI, V.; MANICARDI, G.C.; MANDRIOLI, M. Distribution and molecular 
composition of heterochromatin in the holocentric chromosomes of the aphid Rhopalosiphum 
padi (Hemiptera: Aphididae). Genetica, v. 138, p. 1077-1084, 2010. 



�

�

�

�

PANZERA, F.; DUJARDIN, J.P.; NICOLINI, P.; CARACCIO, M.N.; ROSE, V.; 
TELLEZ, T.; BERMÚDEZ, H.; BARGUES, M.D.; MAS-COMAS, S.; O’CONNOR, J.E.; 
PÉREZ, R. Genomic changes of Chagas disease vector, South America. Emerging Infection 
Diseases,v. 10(3), p. 438-446, 2004.  

PANZERA, F.; PÉREZ, R.; PANZERA, Y.; FERRANDIS, I.; FERREIRO, M.J.; 
CALLEROS, L. Cytogenetics and genome evolution in the subfamily Triatominae 
(Hemiptera, Reduviidae). Cytogenetic and Genome Research, v.128, p. 77-87, 2010. 

PANZERA, Y.; PITA, S.; FERREIRO, M.J.; FERRANDIS, I.; LAGES, C.; PÉREZ, 
R.; SILVA, A.E.; GUERRA, M.; PANZERA, F. High dynamics of rDNA cluster location in 
kissing bug holocentric chromosomes (Triatominae, Heteroptera). Cytogenetic and Genome 
Research, v. 138, p. 56-67, 2012. 

PAPESCHI, A.G.; MOLA, M.L.; BRESSA, M.J.; GREIZERSTEIN, E.J.; LÍA, V.; 
POGGIO, L. Behaviour of ring bivalents in holocentric systems: Alternative sites of spindle 
attachment in Pachylis argentinus and Nezara viruda (Heteroptera). Chromosome Research, 
v. 11, p. 725-733, 2003. 

PAPESCHI, A.G.; BRESSA, M.J. Evolutionary cytogenetics in Heteroptera. Journal 
of Biological Research, v. 5, p. 3-21, 2006. 

PÉREZ, R.; RUFAS, J.; SUJA, J.; PANZERA, F. Meiosis in holocentric 
chromosomes: orientation and segregation of an autosome and sex chromosomes in Triatoma 
infestans (Heteroptera). Chromosome Research, v. 8, p. 17-25, 2000.  

PÉREZ, R.; CALLEROS, L.; ROSE, V.; LORCA, M.; PANZERA, F. Cytogenetic 
studies on Mepraia gajardoi (Heteroptera: Reduviidae). Chromosome behaviour in a 
spontaneous translocation mutant. European Journal of Entomology, v. 101, p. 211-218, 
2004. 

POGGIO, M.G.; BRESSA, M.J.; PAPESCHI, A.G. Karyotype evolution in 
Reduviidae (Insecta: Heteroptera) with special reference to Stenopodainae and Harpactorinae. 
Comparative Cytogenetics, v. 1(2), p. 159-168, 2007. 

PRITHAM, E.J.; PUTLIWALA, T.; FESCHOTTE, C. Mavericks, a noval class of 
giant transposable elements widespread in eukaryotes and related to DNA viruses. Gene, v. 
390, p. 3-17, 2007. 



�

�

�

�

REBAGLIATI, P.J.; PAPESCHI, A.G.; MOLA, L.M. Meiosis and fluorescent 
banding in Edessa meditabunda and E. rufomarginata (Heteroptera: Pentatomidae: 
Edessinae). European Journal of Entomology, v. 100, p.11-18, 2003. 

REBAGLIATI, P.J.; MOLA, L.M.; PAPESCHI, A.G.; GRAZIA, J. Cytogenetic 
studies in Pentatomidae (Heteroptera): a review. Journal of Zoological Systematics and 
Evolutionary Research, v. 43, p. 199-213, 2005. 

RODRÍGUEZ-IÑIGO, E.; FERNÁNDEZ-CALVÍN. B.; CAPEL; J.; DE LA VEJA, 
C.G. Equilocality and heterogeneity of constitutive heterochromatin: in situ localization of 
two families of highly repetitive DNA in Dociostaurus genei (Orthoptera). Heredity, v. 76, p. 
70-76, 1996.  

SADÍLEK, D.; STÁHLAVSKÝ, F.; VILÍMOVÁ, J.; ZIMA, J. Extensive 
fragmentation of the X chromosome in the bed bug Cimex lectularius Linnaeus, 1758 
(Heteroptera, Cimicidae): a survey across Europe. Comparative Cytogenetics, v. 7(4), 
p.253-269, 2013. 

  

SCHAEFER, C.W. The Pentatomomorpha (Hemiptera: Heteroptera): an annotated 
outline of its systematic history. European Journal of Entomology, v. 90, p. 105-122, 1993. 

SCHOFIELD, C.J.; GALVÃO, C. Classification, evolution, and species groups within 
the Triatominae. Acta Tropica, v.110, n. 2-3, p.88-100, 2009. 

SCHUH, R.T.; SLATER, J.A. True Bugs of the Word (Hemiptera: Heteroptera): 
classification and natural history. Ithaca, NY: Cornell Univ. Press, 1995, 336pp. 

SOLARI, A.J. Autosoma synaptonemal complexes and sex chromosome without axes 
in Triatoma infestans (Reduviidae; Hemiptera). Chromosoma, v. 72, p. 225-240, 1979. 

SOTERO-CAIO, C.G.; SOUZA, M.J.; CABRAL-DE-MELLO, D.C.; BRASILEIRO-
IDAL, A.C.; GUERRA, M. Phosphorylation of histone H3S10 in animal chromosomes: is 
there a uniform pattern?. Cytogenetic and Genome Research, v.135, p. 111-117, 2011. 

SOUZA, H.V.; SOUZA, F.B.; MARUYAMA, S.R.C.; CASTANHOLE, M.M.U.; 
ITOYAMA, M.M. Meiosis, spermatogenesis and nucleolar behavior in the seminiferous 
tubules of Alydidae, Coreidae and Rhopalidae (Heteroptera) species. Genetics and 
Molecular Research, v. 8(4), p. 1383-1396, 2009. 



�

�

�

�

SPENCE, J.M.; BLACKMAN, R.L.; TESTA, J.M.; READY, P.D. A 169 bp tandem 
repeat DNA marker for subtelomeric heterochromatin and chromosomal rearrangement in 
aphids of the Myzus persicae group. Chromosome Research, v. 6, p. 167-175, 1998. 

SUJA, J.A.; DEL CERRO, A.L.; PAGE, J.; RUFAS, J.S.; SANTOS, J.L. Meiotic 
sister chromatid cohesion in holocentric sex chromosomes of three heteropteran species is 
maintained in absence of axial elements. Chromosoma, v. 109, p. 35-43, 2000. 

UESHIMA, N. Hemiptera II: Heteroptera. – In: Bernard, J. (ed.), Animal cytogenetics. 
V. 3. Insecta. Berlin-Sturrgard, 1979. 

WEIRAUCH, C.; MUNRO, J.B. Molecular phylogeny of the assassin bugs 
(Hemiptera: Reduviidae), based on mitochondrial and nuclear ribosomal genes. Molecular 
Phylogenetics and Evolution, v. 53, p. 287-299, 2009. 

WEIRAUCH, C.; SCHUH R. Systematics and evolution of Heteroptera. Annual 
Review of Entomology, v. 56, p. 487-510, 2011. 

WHEELER, W.C.; SCHUH, R.T.; BANG, R. Cladistic relationships among higher 
groups of Heteroptera: congruence between morphological and molecular data sets. 
Entomologica Scandinavica, v. 2, p. 121-137, 1993. 

WILSON, E.B. Studies of chromosomes II. The paired microchromosomes, 
idiochromosomes and heterotropic chromosomes in Hemiptera. Journal of Experimental 
Zoology, v. 2, p. 507-545, 1905.��

WOLF, K.W. The structure of condensed chromosomes in mitosis and meiosis of 
insects. International Journal of Insect Morphology and Embryology, v. 25, n. 1/2, p. 37-
62, 1996. 

YAMANAKA, M., TAKEMOTO, H., TAKASAKI, T. The annual fluctuation of the 
rate of damaged seeds by several pod feeders and seasonal occurrence of three species of stink 
bugs in autumn soybean. Bull Fukuoka Agriculture Research Center, v. 10, p. 47-52, 1990. 

ZHANG, G.; WEIRAUCH, C. Molecular phylogeny of Harpactorini (Insecta: 
Reduviidae): correlation of novel predation strategy with accelerated evolution of predatory 
leg morphology. Cladistics, v. 53, p. 1-13, 2013. 

�


