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Abstract 

Regardless of rich biodiversity, cytogenetic work on African Heteroptera is meagre. This paper 

reports meiotic behaviour of chromosomes in 3 species of Heteroptera from Ethiopia for the first 

time. Paracritheus trimaculatus and Eurydema pulchrum, both belonging to Pentatomidae, possess 

2n1412AXY while Cletus punctulatus belonging to Coreidae possesses 2n18 14A2mX1X20. 

Certain characteristics are common in the 2 species of Pentatomidae such as fusion of the X and Y 

to form a heteropycnotic body at diffuse stage, and their behaviour at diakinesis and metaphase II. 

The 2 species, however, differ in chiasma frequency, the pattern of chromosomes at metaphase I 

and the degree of association between X and Y in the pseudobivalent at metaphase II. In Cletus 

punctulatus, the 2 sex chromosomes, X1 and X2, remain fused throughout meiosis except for a 

brief period during metaphase I. The fused X chromosomes precedes the autosomes during 

anaphase II. The Chiasma frequency is seen to be higher. 
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1.  Introduction 
 

Cytogenetically, members of the sub-order Heteroptera are characterized by possessing holocentric 

chromosomes (Buck 1968, Comings and Okada 1972, González-García et al. 1996, Perez et al. 

1997, 2000) and inverted meiosis for sex chromosomes in which they divide equationally during 

first meiotic division and reductionally during second meiotic division (Ueshima 1979, Nokkala 

and Nokkala 1984, Camacho et al. 1985, Rebagliati et al. 2005). Besides, many heteropteran 

species possess a pair of minute chromosomes (m-chromosomes) with special meiotic behaviour 

(Ueshima 1979, Grozeva and Nokkala 1996). One of the largest families within Heteroptera is 

Pentatomidae, which includes 4112 species distributed in 8 sub-families: Asopinae, Cyrtocorinae, 

Discocephalinae, Edessinae, Pentatominae, Phyllocephalinae, Podopinae and Serbaninae, and most 

of them are economically important phytophagous species (Schuh and Slater 1995). 
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Karyologically, most of the pentatomid species present a diploid number of 14 (2n 12AXX/XY) 

with no m-chromosomes and this chromosome number has been considered to be the type number 

of the family (Manna 1951, White 1973, Ueshima 1979, Muramoto 1981, Nuamah 1982, Dey and 

Wangdi 1985, Satapathy and Patnaik 1988, Rebagliati et al. 2005). The family Coreidae, which 

includes 2200 species belonging to 500 genera throughout the world, has a very wide distributional 

range (Dolling 2006). The modal diploid chromosome number of the family Coreidae is 

considered to be 2n21 with the presence of a pair of m-chromosomes and an XO/XX sex 

determining system (Franco et al. 2006). 

Regardless of this rich biodiversity, cytogenetic work on African Heteroptera is meagre. Only a 

handful studies from Ghana and South Africa have been released for the scientific world (Kumar 

1971, Nuamah 1982, Jacobs and Liebenberg 2001, Jacobs 2002b, 2003a,b, 2004, Jacobs and 

Groneveld 2002). Studies pertaining to behaviour of chromosomes during meiosis of 3 

heteropteran species from Ethiopia (East Africa) have been done for the first time. Two of the 

species viz. Paracritheus trimaculatus and Eurydema pulchrum belong to Pentatomidae while the 

other, Cletus punctulatus, belongs to Coreidae. Karyological studies on Eurydema pulchrum from 

India and Japan and Cletus punctulatus from India have earlier been carried out (Manna 1962, 

Ueshima 1979, Kaur et al. 2006). In the present paper, karyological details of Ethiopian Eurydema 

pulchrum and Cletus punctulatus have been compared with those of Indian species. Cytogenetic 

details of Paracritheus trimaculatus are discussed for the first time. 

Materials and methods 

Adult males of 2 species of Pentatomidae, Paracritheus trimaculatus Lepeletier and Serville and 

Eurydema pulchrum Westwood, and 1 species of Coreidae, Cletus punctulatus Westwood, were 

collected from surrounding areas of Debre Markos (North-eastern Ethiopia) located at 10°30N 

37°73E coordinates. All the specimens were collected from Cicer arietinum (Leguminosae). Testes 

were extracted and fixed in 3:1, ethyl alcohol:glacial acetic acid. Slides were prepared by the 

airdried technique and then were stained in Carbol-fuchsin. 

Results 

Paracritheus trimaculatus 

The diploid chromosome complement of Paracritheus trimaculatus is 2n1412AXY. At the diffuse 

stage, a single darkly stained heteropycnotic body representing the fused X and Y is found at the 

periphery of the nucleus while the autosomes appear as diffused chromatin (Fig. 1A). The paired X 

and Y chromosomes remain almost fused during diplotene (Fig. 1B) but by diakinesis, they get 

separated so that 6 autosomal bivalents and 2 sex univalents are clearly observable. Each 

autosomal bivalent shows a single terminal chiasma. Both X and Y appear bipartite and are lightly 
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stained as compared to the bivalents. One of the autosomal bivalents is distinctly larger; 4 are 

medium-sized while 1 is distinctly smaller in size. The X chromosome is almost equal to the 

smallest autosome while Y is the smallest element of the complement (Fig. 1C). Metaphase I is 

characterized by 6 axially oriented chromosomes forming a ring that includes 5 autosomal 

bivalents and the X chromosome while the largest autosomal bivalent and the Y chromosome lie 

inside near the inner border of the ring. The bipartite nature of the sex chromosomes is maintained 

during metaphase I (Fig. 1D). At metaphase II, autosomes form a ring while X and Y that join 

terminally to form a pseudobivalent, lie in the centre of the ring (Fig. 1E). 

Eurydema pulchrum 

Eurydema pulchrum possesses a male diploid chromosome number of 1412AXY. At the diffuse 

stage, the X and Y are fused to form a darkly stained heteropycnotic body that lies against 

decondensed autosomes (Fig. 2A). During diplotene, 6 autosomal bivalents and 2 sex 

chromosomes become distinct. One of the autosomal bivalents is slightly larger, 4 are of medium 

size while 1 is slightly smaller in size. One of the medium sized bivalents shows 2 terminal 

chiasmata while the rest possess only 1 terminal chiasma each (Fig. 2B). By diakinesis, the ringed 

bivalent loses 1 of the terminal chiasmata. The bipartite nature of the sex chromosomes becomes 

distinct (Fig. 2C). During metaphase I, the autosomal bivalents and sex chromosomes are not 

arranged in a regular pattern (Fig. 3D–E). At metaphase II, however, a regular arrangement is seen 

with autosomal bivalents forming a ring at the centre of which lie 2 sex chromosomes, X and Y, 

which appear aligned opposite to each other but terminal association between them is lacking (Fig. 

2F). 

Cletus punctulatus 

Cletus punctulatus possesses a diploid complement of 18 chromosomes (14A2mX1X20). During 

diffuse stage, 2 distinctly unequal X chromosomes, X1 and X2 associate together to form a 

Paracritheus trimaculatus. (A) Diffuse stage showing fused X and Y (arrowheads). (B) Early 

diplotene. (C) Diakinesis. (D) Metaphase I. (E) Metaphase II. (F) Anaphase II. Scale bar10 mm. 

 Fig. 2. Eurydema pulchrum. (A) Diffuse stage showing fused X and Y (arrowheads). (B) 

Diplotene. (C) Diakinesis. (D,E) Metaphase I with irregularly arranged chromosomes. (F) 

Metaphase II showing a ring of autosomal univalents with weakly associated sex chromosomes. 

Scale bar 10mm. 

 Cletus punctulatus. (A) Diffuse stage showing closely associated unequal X1 and X2. (B) 

Diplotene. (C) Diakinesis. (D–F) Metaphase I stages showing three different positions of the X1X2 

body. (G) Metaphase II. (H) Telophase II, one with X1X2 and the other without it. Arrowheads 

point to the m chromosome pair. Scale bar10mm. 
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Single hetropycnotic body which lies very close to the nuclear membrane. At diplotene, 7 

autosomal bivalents, 2 fused sex chromosomes X1X2 and 2 microchromosomes (m-chromosomes) 

are clearly visible. The mchromosomes are associated terminally to form the achiasmatic bivalent. 

On the basis of size, the bivalents can be classified into 3 groups. Two autosomal bivalents are 

distinctly larger, 5 are of medium size while the m bivalent is the smallest in the complement. The 

X1 and X2 are smaller than the medium sized autosomes and can be distinguished from the 

autosomes due to their heteropycnotic nature. The 2 largest autosomal bivalents show 2 terminal 

chiasmata and appear as ring bivalents while the rest of the bivalents show single 

terminal/subterminal chiasma. In most of the diakinesis plates, only 1 ringed bivalent is seen. The 

sex chromosomes still appear fused (Fig. 3C). The first division metaphase plate consists of a ring 

of 7 autosomal bivalents with the m-chromosome pair at the centre. X1 and X2 get separated but 

are closely placed. Their position on the plate is variable. In some plates, they lie on the periphery 

of the ring along with autosomal bivalents; in others, they lie just on the outer border of the ring, 

while in still others they lie far away from the ring. In some of the plates, size difference between 

X1 and X2 is clearly visualized (Fig. 3D–F). At metaphase II, all the autosomes form a ring with 

the m-chromosome lying in the centre. The fused X1X2 body lies outside the ring (Fig. 3G). Two 

types of Telophase II plates are seen, one with 7AmX1X2 while the other with 7Am0. In 

7AmX1X2 plates, the fused sex chromosome body lies outside the autosomal group (Fig. 3H). 

Discussion 

Both Paracritheus trimaculatus and Eurydema pulchrum (Pentatomidae) show a diploid 

chromosome number of 1412AXY which agrees with earlier reports for this family as the modal 

number (Manna 1951, Ueshima 1979, Muramoto 1981, Nuamah 1982, Dey and Wangdi 1985, 

Sathapathy and Patnaik 1988). Hetropterans are characterized by a peculiar diffuse stage during 

which synapsed autosomal bivalents undergo decondensation while sex chromosomes remain 

condensed and heteropycnotic. The degree of chromosome decondensation has been found to be 

variable among different species. In the present study, the extent of decondensation has been found 

to be very high in Paracritheus trimaculatus as has earlier been seen in most of the Heteroptera 

species by Solari (1979), Nokkala and Nokkala (1984), Camacho et al. (1985), Nokkala (1986), 

Rebagliati et al. (1998) and Lanzone and Souza (2006) whereas in Eurydema pulchrum, 

decondensation is only partial as is observed so far only in few species such as Acanonicus hahni 

and Adamanotus uncotibialis by Papeschi and Mola (1990) and Jacobs and Liebenberg (2001) 

respectively. 

The X and Y chromosomes continue to remain fused throughout diplotene and separate at 

diakinesis in Paracritheus trimaculatus as is also observed in Agoroscelis nublis (Manna 1951), 

Dinocoris prolineatus (Rebagliati et al. 2001) and Antiteuchus mixus (Lanzone and Souza 2006). 
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In Eurydema pulchrum, however, X and Y separate at diplotene. In heteropterans, there is 

predominance of 1 chiasma per bivalent (Satapathy and Patnaik 1988, González-García et al. 1996, 

Grozeva and Nokkala 1996, Bressa et al. 1999, Nokkala and Nokkala 1999, Lanzone and Souza 

2006). In Paracritheus trimaculatus also, a single chiasma per bivalent is observed. In Eurydema 

pulchrum, however, 1 medium sized bivalent is always seen with 2 terminal chiasmata. Camacho 

et al. (1985), Mola and Papeschi (1993) and Rebagliati et al. (2001) also observed bivalents with 2 

chiasmata. Generally, the ring bivalent is formed by the largest autosomal pair. 

In most of the pentatomid species, Metaphase I is characterized by a ring of autosomal bivalents at 

the centre of which lie the X and Y uinvalents (Manna 1951, Satapathy and Patnaik 1988, 

Rebagliati et al. 2001, Lanzone and Souza 2006). Eurydema pulchrum lacks this typical 

arrangement of chromosomes at metaphase I plate where the chromosomes are distributed 

randomly as is also observed in this species from India (Kaur et al. 2006) and in Coridius obscures 

and Carbula biguttata (Satapathy and Patnaik 1988). In Paracritheus trimaculatus, chromosomes 

behave differently in forming the metaphase I plate. The largest autosomal bivalent and the Y 

chromosome lie mostly inside the ring which is formed by 5 autosomal bivalents and the X 

chromosome. This behaviour is less common in Pentatomidae and is recorded only in Agonoscelis 

nubila, Eysarcoris guttiger and Carbula socia (Satapathy and Patnaik 1988). 

The end-to-end association of X and Y chromosomes in the pseudobivalent during metaphase II is 

evident in both Paracritheus trimaculatus and Eurydema pulchrum. However, the degree of 

association is stronger in Paracritheus trimaculatus than Eurydema pulchrum. At metaphase II, 

autosomes form a ring inside which lies the pseudobivalent XY, an arrangement seen in other 

pentatomid species also (Manna 1951, Parshad 1957b, Satapathy and Patnaik 1988, Rebagliati et 

al. 2001). The condition, however, differs in Indian Eurydema pulchrum in which autosomes and 

the pseudobivalent form the ring while centre of the ring is occupied by the largest autosome (Kaur 

et al. 2006). 

So far, 5 species of Cletus, viz. Cletus trigonus, Cletus punctulatus, Cletus bipunctatus, Cletus 

pugnator and Cletus sp., have been cytologically investigated and the most common diploid 

number is 2n1814A2mX1X20 (Manna 1951, Parshad 1957d). However, Parshad (1957d) and Kaur 

et al. (2006) reported 2n1714A2mX0 and 2n1916A2mX0 in Cletus sp. and Cletus bipunctatus 

respectively. The X1 and X2 are fused at diffuse stage and remain so throughout diplotene and 

diakinesis and get separated at metaphase I. Here it is possible to differentiate the 2 on the basis of 

size, 1 being slightly smaller than the other. Parshad (1957d), however, failed to see any size 

difference between X1 and X2 in specimens of Cletus punctulatus collected from India. Size 

difference is earlier reported in Cletus bipunctatus by Manna (1951). 
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The 2 largest autosomal bivalents exist as ring bivalents in most of the early diplotene plates with a 

mean chiasma frequency of 8.4 per complement. At diakinesis, either one or both of the chiasmata 

get terminalized with a mean chiasma frequency reduced to 7.5 per complement. On the other 

hand, in Indian Cletus punctulatus, 1 ring bivalent has been observed only occasionally at 

diplotene (mean chiasma frequency7.1 per complement) by Parshad (1957d). In Cletus 

bipunctatus, chiasma frequency has been found to vary between 7 and 9 per nucleus (Manna 1951). 

In all the species of Cletus studied so far, a definite arrangement pattern is observed at metaphase I 

in which the autosomal bivalents form a ring, m-bivalent lies in the centre while the sex 

chromosomes lie on the outer border of the ring (Manna 1951, Parshad 1957d, Kaur et al. 2006). In 

Ethiopian Cletus punctulatus also, autosomes always form a ring and the m-bivalent lies in the 

centre but the positions of X1 and X2 is variable. They are either part of the ring or lie on outer 

border of the ring or far away from the ring. At metaphase II, autosomes and fused sex 

chromosomes X1X2 roughly form a ring and m-chromosome lies in the centre. The formation of 

an accessory plate by X1X2 recorded in this species previously by Parshad (1957d) is not observed 

in the present study. During anaphase II, X1X2 precede the autosomes and are clearly seen outside 

the group of autosomes at telophase II as is earlier observed by Parshad (1957d). 
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