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SUMMARY — Specimens of Largus rufipennis (Castelnau) (Largidae, Heteroptera)
from three different populations from Argentina (Itaembé, Misiones Province; Torn-
quist and Ciudad Universitaria, Buenos Aires Province) were cytogenetically studied.
Meiotic characteristics of these populations are compared with previous reports on the
species. In the population from Itaembé, heterozygosity for a reciprocal translocation
was encountered; this finding is the first report for this type of chromosome rearrange-
ment in the order Heteroptera. The role of reciprocal translocations in karyotype
evolution in organisms with holokinetic chromosomes is analyzed and discussed.
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INTRODUCTION

Among the principal mechanisms of karyotype evolution in the holoki-
netic chromosomes of Heteroptera, autosomal fusions and both autosomal and
sex chromosome fragmentations (which originate multiple sex chromosome
determining systems) can be included (Uesuima 1979; MANNA 1984; THOMAS
1987; PapescHr 1994, 1996). Other chromosome rearrangements such as
inversions have been rarely reported (Papescur and Mora 1990) and the
occurrence of reciprocal translocations have never been described within the
order. So far, the latter kind of rearrangement has seldom been reported in
other groups with holokinetic chromosomes; it has only been described in
Luzula purpurea (Juncaceae) (CASTRO et al. 1954; NORDENSKIOLD 1963), in
Myzus persicae (Homoptera) (BLackmaN and TAkapA 1975, 1977; BLACKMAN
et al. 1995) and in a few species of Buthidae (Scorpionida) (P1za 1948, 1951,
1957; TAKAHASHI 1976; SHANAHAN 1989a).

Largus rufipennis (Largidae, Heteroptera) has two major chromosome
characteristics that make it suitable for cytogenetic analysis: a low diploid
number (2#=13) and chromosomes of large size. Up to date, two populations
of this species have been analyzed, one from Brazil (P1za 1946) and the other
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from Argentina (MorA and Papeschr 1993). The Argentinian population was
very heterogeneous with respect to chiasma frequency and distribution; desyn-
aptic univalents as well as ring bivalents were observed in a variable frequency
among individuals; a supernumerary chromosome (B chromosome) was de-
tected in some individuals and was associated with an increase in chiasma
frequency. In the Brazilian population neither univalents nor B chromosomes
were reported, and although ring bivalents were present, the meiotic configu-
rations were misinterpreted.

In the present report, Argentinian specimens from Itaembé (Misiones
Province), Tornquist and Costanera Norte (Buenos Aires Province) were
cytogenetically analyzed. The meiotic characteristics in the three different
populations is compared; heterozygosity for a reciprocal translocation was
observed in the population from Itaembé, this being the first report of this kind
of chromosome rearrangement in the order Heteroptera (Uesmima 1979;
Manna 1984). The origin and meiotic behaviour of the translocation quadriva-
lent is described and interpreted. The meiotic and genetic consequences of
reciprocal translocations in holokinetic chromosomes are analyzed, and the
potential role of this kind of rearrangement in the karyotype evolution of
holokinetic chromosomes is discussed.

MATERIALS AND METHODS

Six adult males of Largus rufipennis (Castelnau) from Itaembé (Misiones Prov-
ince), eleven from Tornquist (Buenos Aires Province) and nine from Costanera Norte
(Buenos Aires Province) (Argentina) were fixed in the field in 3:1 methanol: glacial
acetic acid, and kept at 4°C until analysis. Afterwards, gonads were dissected free and
kept in 70% ethanol at 4°C. Slides were prepared by the squash technique in 2 percent
iron propionic haematoxylin following standard procedures. Mean chiasma frequency
within and among the three populations was compared by means of a two level nested
ANOVA, and GT2 non-planned comparisons (SokAL and RoHLF 1981).

RESULTS

Largus rufipennis possess 2n=12+XO (male) (Fig. 1a). In five of the six
individuals from Itaembé (specimens 2-6) and in all the individuals from
Buenos Aires Province (Tornquist and Costanera Norte) six homomorphic
bivalents plus the X chromosome univalent were observed at meiosis; one
chromosome pair is remarkably larger than the others (Fig. 1a-c). Bivalents
present one or two chiasmata (Fig. 1c) and a few cells with up to four ring
bivalents were observed. At both metaphase plates the X chromosome lies
outside the ring of autosomes (Fig. 1d, e). At anaphase I autosomal bivalents
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Fig. 1. — Meiosis in Largus rufipennis (standard karyotype). a) Mitotic prometaphase; b) pachytene; ¢}
diakinesis; d) metaphase I; e) metaphase IT; f) telophase II. Arrows point the largest bivalent; arrow-
heads point the X chromosome. Bar = 10 pm.

divide reductionally, and the X separates its chromatids; at anaphase II the X
segregates to one pole, lagging behind the autosomes (Fig. 1f).

Mean chiasma frequency varies among the three populations (Table 1). In
the Itaembé population the mean number of chiasmata per cell is 6,62 (range
6,78-6,25), while in the Tornquist population is 6,28 (range 6,58-6,05) and in
the Costanera Norte population is 6,18 (range 6,31-6,05). The comparison of
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mean chiasma frequency of the three populations reveals significant differ-
ences (P<<0,01); differences between Tornquist and Costanera Norte popula-
tions are not significant (P>0,05) whereas mean chiasma frequency in the
Itaembé population is significantly higher (P<0,05).

In the three populations individuals with cells with univalents were
detected (Table 1). All the specimens from Itaembé present a low univalent
frequency (0-2,4%) while in the individuals from Tornquist and Costanera
Norte univalent frequency was more variable (0-11,11% and 0-6,48%, respec-
tively). In none of the three populations B chromosomes were observed.

Meiotic bebaviour of the reciprocal translocation beterozygote

In the specimen 1 from Itaembé, various meiotic configurations were
observed at diakinesis, the most frequent being: 6 II (two of them heteromort-

TABLE 1 - Mean chiasma frequency and percentage of cells with univalents in the individuals from
Misiones and Buenos Aires (Bs. As.) Provinces.

Mean chiasma

.. Number frequenc % of cells with
Procedence Individual of cells at Di(g\kinesyis- univalents
Metaphase I
Itaembé (Misiones) 1 236 6,86 see Table 2
2 233 6,78 13
3 124 6,74 24
4 101 6,59 1
5 117 6,51 0,9
6 89 6,25 0
Tornquist (Bs. As.) 1 142 6,58 0,7
2 103 6,46 291
3 76 6,42 0
4 183 6,39 8,74
5 95 6,35 1
6 95 6,32 1,05
7 199 6,26 0,5
8 51 6,12 0
9 190 6,12 0
10 278 6,09 2,52
11 54 6,05 11,11
Costanera Norte (Bs. As.) 1 117 6,31 0
2 97 6,25 2,06
3 116 6,24 0,86
4 113 6,20 1,77
5 102 6,20 0,98
6 119 6,15 2,52
7 109 6,09 2,75
8 108 6,05 6,48
9 39 6,05 2,06
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phic) (54,24%) and 1 IV+4II (41,95%), besides the univalent X (Fig. 2a, b)
(Table 2). In cells at diakinesis with six bivalents (56 cells) two medium sized
bivalents are heteromorphic (Fig. 2a); homomorphic bivalents present one or
two chiasmata and they are never seen as univalents. In cells at diakinesis with
the quadrivalent (44 cells), this is always present as a chain, the ring configura-

9

I (empty arrows); d-f) metaphase I: the IV orientates adf'acently adopting an U shape (d) or a C shape (e),
or shows an alternate orientation (f); g) anaphase I; h) telophase IT; i) anaphase I wtti; laggards; j) anaphase
IT with lagging chromosomes; k) normal spermatids, and macrospermatids type I (arrow) and type II
(double arrow). Arrowheads point the quadrivalent. Bar = 10 um in (a-j) and 20 pm in (k).
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TABLE 2 - Meiotic configurations in the individual heterozygous for the reciprocal translocation

L. . . Number Number of cells at o
Meiotic configurations of chiasmata Diakinesis-Metaphase I %% of cells
6 II+X 6 77 54,24
(two of them heteromorphic) 7 47
8 4
1IV+4 1I+X 7 59 41,95
8 38
9 2
1IVH3 II+2 I+X 7 1 0,42
1 1I+1 I+4 II+X 6 2 3,39
7 6
Total 236

tion never being observed (Fig. 2b). The disposition of the four chromosomes
in the lineal IV was always the same: a small one, a medium sized, a large one
and another medium sized (Fig. 2b, Fig. 3). At metaphase I, 56 of the 132 cells
analyzed had the quadrivalent, which frequently showed an adjacent orienta-
tion adopting an U shape (56,36%) or a C shape (34,55%); the alternate
orientation was much less frequent (7,27%) and only one cell with a lineal
disposition was observed (1,82%) (Fig. 2d-f, Fig. 3). Mean chiasma frequency
at diakinesis-metaphase I was 6,86, higher than in the other specimens
(Table 1).

In 32% of the cells at anaphase I-telophase I lagging chromosomes were
detected (Fig. 2i) (Table 3). Most cells at metaphase II had 6 chromosomes
plus the X, but some restitution nuclei and aneuploid cells with 8 and 6
chromosomes were observed; at anaphase II-telophase II cells with laggards
were also detected (Fig. 2j). Three kinds of spermatids could be distinguished
according to their size: normal ones, macrospermatids type I (slightly larger

than the normal ones) and macrospermatids type II (twice the normal size)
(Fig. 2k),

TABLE 3 - Number of normal and abnormal cells in the individual heterozygous for the reciprocal
translocation.

Meiotic stage N of normal cells N° of abnormal cells % of abnormal cells
Anaphase I - Telophase I 21 10 32
Metaphase 11 40 (a) 6 12

b3 6

(01 2
Anaphase IT - Telophase II 5 3 375
Spermatids 984 (d) 50 48

(e) 17 1,6

(a) Restitution nuclei; (b) metaphase II with 8 chromosomes (one in excess); (c) metaphase II with 6
chromosomes; (d) macrospermatids type [; (e) macrospermatids type II.




RECIPROCAL TRANSLOCATION HETEROZYGOSITY IN LARGUS 259

DISCUSSION

Largus rufipennis constitutes a very interesting species from a cytogenetic
point of view. It possess a low diploid number, chromosomes of relatively large
size and a great variability in chiasma frequency and distribution (P1za 1946;
Mora and Papeschr 1993). Previous reports on the species describe the
presence of B chromosomes, univalents and ring bivalents in a variable fre-
quency; the latter is a remarkable characteristic since most Heteroptera present
as a rule only one chiasma per bivalent (Ursuiva 1979; MANNA 1984).

In the present report, karyotype and meiotic behaviour from all individu-
als of Largus rufipennis from Tornquist and Costanera Norte (Buenos Aires
Province) and from all but one specimen from Itaembé (Misiones Province),
agree with those previously described in Santo Tomé population (Corrientes
Province) (MoLa and PapEscur 1993). Mean chiasma frequency in the speci-
mens here analyzed is within the range observed in most individuals from
Santo Tomé. While differences in mean chiasma frequency are not significant
between Tornquist and Costanera Norte populations, it is significantly higher
in the Itaembé population. In the Santo Tomé population, individuals fall in
three different categories according to the frequency of cells with desynaptic
univalents: low (<3 %), medium (3-10%) and high (>10%). All the specimens
from Itaembé and most individuals from Buenos Aires Province belong to the
first of these categories. In Costanera Norte population one specimen showed
a medium frequency of univalents, while in Tornquist population one indi-
vidual with medium and another with high frequency of univalents were
encountered. In contrast to the Santo Tomé population, none of the specimens
here analyzed had B chromosomes.

Origin and bebaviour of the quadrivalent

The appearance of a quadrivalent plus 4 bivalents and the X univalent in
43% of the meiotic cells in one individual from Itaembé indicates that the
specimen is heterozygous for a reciprocal translocation (Fig. 3a). Theoretically,
a quadrivalent can depict a ring or a chain configuration depending upon the
presence of four or three chiasmata, respectively. The configuration of the
quadrivalent here detected has always been restricted to the chain form, in
which the involved chromosomes have always maintained the same order
(small, medium, large, medium). The absolute absence of chiasmata in the
same pairing region suggests that this region would be very small, making it
difficult or even impossible the occurrence of crossing over in it (Fig. 3b).

According to our observations the individual would carry a simple un-
equal reciprocal translocation between two non homologous chromosomes of
medium size, with one of the break points located near a telomeric region.
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Thus, the result of the translocation event is a large and a small chromosomes,
respectively (Fig. 3a).

If only two crossovers take place in the quadrivalent, and assuming that
their distribution among the three putative recombination regions is random,
the expected meiotic configurations are a trivalent plus a univalent, or else two
heteromorphic bivalents, the frequency of the former being twice that of the
latter. Since in the present report 54 % of the cells present two heteromorphic
bivalents while only 3 % show a trivalent plus a univalent, it can be concluded
that there are preferential sites for the crossing over to occur. This fact,
together with the terminal or subterminal location of chiasmata observed in all
other individuals of the populations led us to suggest that crossovers would
preferentially occur in only one telomeric region, both in the quadrivalent and
also in the two original non translocated chromosome pairs (a and ¢ regions,
Fig. 3a, b). Hence, the meiotic recombination in the quadrivalent would occur
first in these areas, giving rise to two heteromorphic bivalents; since mean
chiasma frequency in this individual is almost 7 (6,86) the remaining crossing
over could take place at the quadrivalent (d region; Fig. 3a, b) or in any other
autosomal pair (which would be present as a ring bivalent).

In Heteroptera, kinetic activity during meiosis is restricted to one pair of
telomeric regions (telokinetic activity); at metaphase I, bivalents orientate
axially in the equatorial plane and telomeric regions lead the anaphasic move-
ment to the poles. In the quadrivalent only two telomeric regions are free to
attach to the spindle fibers, and they could be orientated to the same pole
(adjacent orientation, type U shape) (56,36%) or to different poles (adjacent
orientation, type C shape + alternate orientation + lineal orientation) (34,55 %
+7,27% + 1,82%) (Fig. 3c). However, the quadrivalent should have other sites
for spindle fibers attachment besides the telomeric ones, specially in the C
shaped quadrivalent and the alternate orientated. The existence of alternative
sites with meiotic kinetic activity had been already suggested in Heteroptera to
account for the migration of ring bivalents (CAMAcHO et al. 1985; PAPESCHI
and Mora 1995).

Both the lineal orientation and the adjacent one (which represent ap-
proximately 93% of the cells) result in unbalanced gametes due to genetic
duplications and deficiencies. On the other hand, only the alternate orientation
gives rise to balanced gametes. Assuming that bivalents have a random orienta-
tion, in the cells with six bivalents half of the gametes will then be balanced and
the remaining, unbalanced ones. Consequently, the final percentage of bal-
anced gametes in the heterozygote is expected to be very low.

Fig. 3. — Origin and orientation of the quadrivalent.
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Reciprocal translocations in karyotype evolution of bolokinetic systems

Reciprocal translocations are rare events in organisms with holokinetic
chromosomes. The unique report of heterozygosity for a reciprocal transloca-
tion in plants with holokinetic chromosomes has been in an irradiated seedling
of Luzula purpurea (Juncaceae) (CASTRO ef al. 1954; NORDENSKIOLD 1963). The
meiotic behaviour of the quadrivalent during the first meiotic division was
regular, a fact that could be accounted for the type of meiosis (post-
reductional) which is characteristic of the Juncaceae. However, fertility of the
individual was reduced due to the missegregation of chromosomes during the
second meiotic division.

Within the Homoptera the presence of reciprocal translocations has been
reported in the aphid Myzus persicae (Aphididae), both in natural and glass-
house populations (BLACKMAN and TAKADA 1975, 1977; BLACKMAN et al.
1995). Some clones of the species bore a simple reciprocal translocation in
heterozygous condition. BLACKMAN et a/. (1995) reported that the heterozygos-
ity for the reciprocal translocation is associated with insecticide resistance, a
characteristic that would confer the species a higher fitness. The maintenance
of the heterozygosity could be favored by the particular life cycle of the species
(it reproduces regularly by apomictic parthenogenesis except when tempera-
ture conditions led to the appearance of a bisexual phase), and the achiasmatic
nature of the male meiosis.

In Buthidae (Scorpionida) the occurrence of this kind of rearrangement is
much more widespread; natural populations of Lychas, Isometroides, Iso-
metrus, Tityus and Rhopalurus show polymorphisms and polytypisms for sim-
ple and multiple reciprocal translocations in heterozygous condition (Piza
1948, 1951, 1957; TakaHASHI 1976; SHANAHAN 1989a). In scorpions, both with
holokinetic and monocentric chromosomes, male meiosis is achiasmatic and of
pre-reductional type. The hypothetical orientation of multivalents “above and
below” proposed by SHANAHAN (1989a) and the absence of chiasmata during
meiosis would be the cytogenetical features allowing the establishment of this
kind of rearrangement.

Finally, our present observations in L. rufipennis (Heteroptera) reveal
that there are not major meiotic irregularities, but the frequency of balanced
gametes in the reciprocal translocation heterozygote is very low due to duplica-
tions and deficiencies. This would be a direct consequence of the type of
meiosis characteristic in the order, chiasmatic and pre-reductional with teloki-
netic activity. Accordingly, the probability for this type of chromosome rear-
rangement to be established as a balanced polymorphism or even to become
fixed in the population is also very low.

It has been suggested that reciprocal translocations have greater chances
of establishing in species with holokinetic chromosomes, since all the products
of reciprocal translocations are transmissible at meiosis (WurTe 1973). How-
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ever, taking in consideration the frequency of reciprocal translocations in the
different groups of organisms with holokinetic chromosomes, and the cytologi-
cal and genetic consequences of this rearrangement type, it can be assumed
that in general they are strongly negatively selected, having played an impor-
tant role only in the karyotype evolution of Buthidae so far (SHANAHAN 19892).
Furthermore, since in Scorpionidae (family of scorpions with monocentric
chromosomes) polymorphisms and polytypisms for reciprocal translocations
(centric fusions) are also highly frequent (SHANAHAN 1989b), it can be con-
cluded that this chromosome rearrangement should be characteristic of the
order Scorpionida, not directly related to the holokinetic nature of the chro-
mosomes in Buthidae but with the achiasmatic male meiosis.
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