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Karyotypes and C-banding patterns of grasshoppers, members of the subfamily Eypre-
pocnemidinae Thisoiceirinus  pterostichus (F.-W.). Heteracris adspersa (Redt.), Evpre-
pocnemis unicolor Tarb.. Evprepocnemis plorans (Charp.), and Shirakiacris shirakii (1.
Bol.) are described. Chromosome complements of these species are composed of 23 acro-
centric chromosomes in the male. The sex-determining mechanism is X0¢/XX¢. The B
chromosomes were observed in the Northern Caucasus population of £. plorans. There was
no evidence for any significant effect of 2Bs on either mean chiasma frequency or between
cell-variance. There was a significant increase in the mean chiasma frequency for specimens
with 1B.
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More than a hundred species of grasshopper,
members of the subfamily Eyprepocnemidinae,
are widely distributed in the tropical and subtropi-
cal areas of the Palearctic (UVAROV 1966). The
karyotypes of only nine species and subspecies
from Southern Europe (CAMACHO ef al. 1980;
CANO & SANTOS 1989), Africa (JOHN & LEWIS
1965), India (MANNA 1954; CHATERIJEE ef al.
1971; MITTAL & SONI 1977), and Japan (INOUE
1985) have been studied. This group is of interest
in view of the unusually high diversity of the B
chromosomes in the E. plorans karyotype (for a
broader consideration, see LOPEZ-LEON et al.
1993).The B chromosomes were observed also in
the Heteracris littoralis (CAMACHO ef al. 1980;
CANO & SANTOS 1988); the karyotypes of these
two species have been, so far, studied in detail. The
present report is the first to describe the hitherto

unknown karyotypes and C-banding patterns in
five species of the Eyprepocnemidinae grasshop-
pers from the Caucasus and maritime areas of Rus-
sia and Central Asia.

Material and Methods

The species of the grasshoppers Eyprepocne-
midinae are listed in Table 1. Five or six males of
each species were injected with 0.1% colchicine
for 1.5-2.0 hours. The testes were excised and
fixed in a 3 ethanol : 1 glacial acetic acid mixture.
The fixed material was washed and kept in 70%
ethanol. Air-dried preparations were made by
squashing tissues in 45% acetic acid and freezing
them on dry ice. The C-banding examination was
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Table 1

List of grasshopper species and collection localities (No — number of individuals)

Species | No |

Collection locality

| Thisoicetrinus pterostichus (F-W.) 9

North Caucasus (Daghestan), near Sulak settlement, August 1987

Heteracris adspersa (Redt.) 11

_ Eyprepocnemis unicolor Tarb. | 9]
Eyprepocnenis plorans (Charp.) 9
Shirakiacris shirakii (1. Bol.) 12

carried out according to SUMNER et al. (1972) with
minor modification.

Chiasma frequency was scored from the cells at
diplotene/diakinesis 1 from all five species.

Results

The basic chromosome complement

The karyotype of all the species consists of
2no=23 chromosomes. The acrocentric autosomes
can be divided into three size groups: 2 long (L), 6
medium (M), and 3 short (S) pairs (2L+6M+38).
The acrocentric X chromosome is about the same
size as the M.

C-heterochromatin variation

C-banding variation is not wide among the ex-
amined grasshoppers E. plorans (Table 2). The
centromeric C-band patterns were observed in all
the chromosomes of each species. The centro-
meric C-bands alone were revealed in the Sh.
shirakii and E. unicolor. In Sh. shirakii the C-
bands in all the chromosomes are very small and
about the same size (Fig. 1a, b). The chromosomes
of E. unicolor showed, as arule, size variations for
the C-bands. The C-blocks in the autosomes of the
M; pair and the X chromosome are larger than in
the other chromosomes (Fig. 2a. b).

Several chromosome pairs in Th. pterostichus,
H. adspersa and E. plorans have paracentromeric
C-bands near the true centromeric C-blocks. In 74.
pterostichus the C-blocks are localized in the L,
and L, autosome pairs and in the X chromosome
(Fig. 3a, b). The paracentromeric C-blocks were
revealed in the Sq pair of the H.adspersa and E.
plorans (Figs 4, 5a, b).

The telomeric C-bands were found only in the L,
chromosome pairs of E. plorans (Fig. 5a, b; Table 2).

—

| North Caucasus (Daghestan), near Sulak settlement, August 1987

Tajikistan, near Kurgan-Tube town, July 1983 i |
North Caucasus (Daghestan), near Buinaksk settlement, August 1987

| Maritime territory (Primorskij kray), near Slavyanka settlement. August 1982 |

Table 2

C-heterochromatin variation in five

grasshopper species

C-band localization, |

number of chromo-
Species E S
Centro- LEE:?D clq-
meric eric | MeTiC
?{\t\}fl&;en'in:t\' plerostichus Ll B L X -
Heteracris adspersa (Redt.) -1, X| Sy -
Eyprepocnemis unicolor Tarb. |1-11,X =
| E. plorans (Charp.) 1-11, }'(l Se L.
Shirakiacris .shr:rak;'i (1. Bol.) 1-11,X| - -

Chiasma frequency and B chromosome meiotic
behaviour

The long bivalents usually form 2-3 chiasmata,
1-2 medium and a single short, at first prophase of
male meiosis. The mean chiasma frequency for
each species is given in Table 3 (the data are for BO
specimens of E. plorans).

Table 3

Mean chiasma frequency (x, +SD) in
fi_ve _sp_ecies (No — number of cells)

| Species | No %X +SE
| Th. pterostichus 61 ]5,9(} 0.12
| H. adspersa 5 61 15.89 0.12
E. unicolor _ 60 13.88 0.10
E. plorans 60 1430 0.13
Sh. shirakii e 1456 012
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Figs 1-5. Fig. la,b. Shirakiacris shirakii. (a) Mitotic metaphase and (b) metaphase L. Fig. 2a.b. Evprepocnemis unicolor. }a;
Mitotic metaphase and (b) diakinesis; arrows indicate large C-bloks in Ms and X. Fig. 3a.,b. Thisoicetrinus pterostichus. (a
Mitotic metaphase and (b) melaphase I: arrows indicale paracentromeric C-bands in L, , L. and X. Fig. 4. Heteracris
adspersa. Diakinesis with paracentromeric C-block in Sy Fig. Sab. Eyprepocnemis plorans. (a) Mitotic metaphase and (b)
diakinesis; arrows indicate telomeric C-band in L, and paracentromeric C-block in So Bars equal 10 um.
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Fisher’s variance ratio (F) (SNEDECOR &
COCHRAN, 1956) was applied to test the signifi-
cance of the difference in mean chiasma frequency
between the species (Table 4).

Table 4

Analysis of differences in mean
chiasma frequency between spe-
cies (F* — calculated variance ra-
tio; No — number of cells)

Theoretical
Species No | F* points of F
L [ 5% | 1%

Th. pterostichus 61 )
H. adspersa 61 6.487 3.92 6.84
E. unicolor 60
E. plorans 60 19.409 | 3.92 6.54
E. unicolor |60
Sh. shirakii 6 | 233 | 392 | 64
Sh. shirakii 62 '
E. plorans [ 60 0.017 3.92 6.84

Fisher’s test criterion demonstrated significant
differences in mean chiasma frequency between
the five species, which exceeded the random varia-
tions in chiasma number among the cells (F'*=
62.32 at the 5% points of F = 2.24). The contribu-
tion of each species to the differences between
them varied. Paired comparisons of the species
showed that Sh. shirakii. and P .plorans differ least
in the chiasma number (F* = 0.017), and likewise
E. unicolor and Sh. shirakii (F*= 2.33 at 5% point
= 3.92). The other compared species differed sig-
nificantly in chiasma number.

B chromosomes of £. plorans

Four specimens have B chromosomes. A single
B was present in 3 males (Fig. 6 a) and two B chro-
mosomes (2B) in one male (Fig. 6 b). At prophase
I of male meiosis, the B chromosomes appeared
positively heteropycnotic (Fig. 7). At meiosis the
1B chromosome had the appearance of a univa-
lent. At first prophase of meiosis, the B univalent
in many cells was seen to be associated with the X
chromosome or less frequently with the C-positive
centric blocks of a small or medium-sized bivalent
(Table 5).
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Table 5

B-univalent associations in three
males of P. plorans

| Association frequency
(%)
| ASS?O?IOH male 1 | male 2 | male 3 [Figures
yp (per (per (per
119 136 114
cells) | cells) | cells)
brole 370 268 | 36.8 Ra
_l_i_r_uva]el_]t :
l B contromere 21.0 26.8 2657 | 8b
| B s 12.6 159 | 149 8c
B at the side of
C .
ihe X 22.6 15.9 14.9 8d |
B-8-bivalent 297 I 10.8 63 | B¢ ‘
i B-M-bivalent e | Sf _|

Two Bs were identified in a single male. At first
prophase of meiosis, the Bs, like the bivalent, were
associated with each other (64.8%) (Fig. 9a) or ap-
peared as two univalents (33.3%) (Fig. 9b). Only
1.9% of the examined cells lacked the B chromo-
somes. The B-bivalent was, as a rule, associated
with the centromeric region, (38.3% ) (Fig. 9¢), or
with the telomeric region of the X chromosome
(22.2%) (Fig. 9d). In 1.2% of cells the B-univalents
were associated with both the centromeric and te-
lomeric regions of the X chromosome (Fig. 9¢).
The B/X chromosome associated temporarily, but
the associations frequently persisted throughout
first anaphase and, as a result, spermatocytes had
either 2Bs or none (Fig. 10a, b).

The chiasmata were scored to ascertain whether
or not the B chromosomes had any effect on re-
combination level in the E. plorans population.
The results of analysis of £. plorans individuals
with and without the B chromosomes are given
in Table 6.

There were no significant differences in chiasma
number between individuals with 2Bs and without
the B chromosomes (F*= 11.55 at the 5% point =
3.11) nor between the individuals with 1B (F*=
0.75 at the 5% point = 3.11), while the differences
in the chiasma number between the two groups
were highly significant (F* = 32.8 at 5% level =
3.89).
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Table 6

Group comparisons in chiasma num-
ber between 0B, 1B and 2B males of

E. plorans
: ' Theoretical
' B-variants | No | x :SE| F*  points of F |
I — N
| 0B maleNol | 30 | 1440 0.18 | | :
0B male No2 | 30 |14.20 0.18 | 0‘6_ 40 | e
1B male No3 | 30 | 15.20 0.17
IBmale No4 | 30 |15.10 0.17 0.175 | 3.11 | 4.88
IBmale NoS | 30 | 14.63 0.18
2B male No6 | 30 14.02 0.14
0B maleNol | 30 | 14.40 0.18 | 1.51 | 3.09  4.82
0B male No2 | 30 |14.20 0.18 | B
1B male No3 | 30 | 15.20 0.17 | ‘
1B male No4 | 30 | 15.10 0.17 .
IBmaleNoS | 30 | 14.63 0.18 | 24| 268 | 394 |
| “HmaleNo6 | 55 | 1402 0.14] ]

Discussion

So far, the karyotype of nine species of grass-
hoppers from the subfamily Eyprepocnemidinae:
Eyprepocnemis plorans plorans (Charp.), Heter-
acris littoralis (Ramb.) (CAMACHO ef al. 1980;
CANO & SANTOS 1988); Eyprepocnemis plorans
meridionalis, E. plorans ornatipes (JOHN &
LEWIS 1965); E. roseus Uv., E. alacris (Serv.),
. Thisoicetrus pulcher (Boliv.), Heteracris illustris
* WIk. (MANNA 1954; CHATERIEE et. al. 1971;
MITTAL & SONI 1977), and Shirakiacris shirakii
(L. Bol) (INOUE 1985) have been described. All the
species have typical acridoid 23 acrocentric chro-
mosomes karyotypes (the sex determining mecha-
nism is X0/XX). The five species described at
present (Thisoicetrinus pterostichus (F-W.), Het-
eracris adspersa (Redt.), Evprepocnemis unicolor
Tarb., E. plorans (Charp.), and Shirakiacris shi-
rakii (1. Boll) are characterized by the same struc-
tural karyotype conservatism.

Similar to some groups of grasshoppers (SANTOS
et al. 1983; CABRERO & CAMACHO 1986; GO-
SALVEZ et al. 1997), interspecific comparison of
C-banding patterns in Eyprepocnemidinae reveal
the existence of differences between species of ei-
ther the same or different genera, which emphasize
the dynamic nature of heterochromatin.

Among the subfamily Eyprepocnemidinae the

presence of B chromosomes (supernumeraries)
has been described in the karyotypes of Heteracris

littoralis and E. plorans (CAMACHO et al. 1980;
CANO & SANTOS 1988).

In Europe E. plorans subspecies plorans, a spe-
cies originally from Africa, shows a wide distribu-
tion, existing around the Mediterranean coasts of
Spain, Italy, Greece, North Africa, Caucasus, and
Turkmenistan (DIRSH 1958). E. plorans exhibits
extremely widespread polymorphism for B chro-
mosomes in natural Spanish populations, which
seems to be one of the most complex systems hith-
erto reported, given that about 40 different B chro- -
mosome variation have been distinguished by
C-banding (HENRIQUEZ-GIL & ARANA 1990;
LOPEZ-LEON et al. 1993). B chromosome poly-
morphism is not limited to the Iberian Peninsula
but also reaches Africa. The fact that B chromo-
somes from Morocco are made up of the same two
DNA sequences (ribosomal DNA and a 180-bp re-
peat) as Spanish B chromosomes (LOPEZ-LEON et
al. unpublished) suggests that the B chromosome
polymorphism is relatively old (CABRERO et al.
1997). Indeed, in several individuals of E. plorans
from North Caucasus a single morphological type
of B chromosomes occurred but the number of
specimens is too small for the study of the diver-
sions of these supernumerary chromosomes in the
eastern distribution areas of this species. However,
the presence of individuals with B chromosomes
in the population from Caucasus, besides Spanish
populations, shows a very wide geographical dis-
tribution of these supernumerary chromosomes
existing in E. plorans.

Irrespective of whether one B or two Bs are pres-
ent in the karyotype, the B(s) remain(s) associated
with the X to the end of anaphase I, and this pro-
moted the accumulation of accessory chromo-
somes in the gametes with the X chromosome, at
least in the male here examined. This strongly re-
minds the B chromosome accumulation mecha-
nism in the Spanish populations of E. plorans
(HENRIQUES-GIL et al. 1984; 1989) and Heterac-
ris littoralis (CANO & SANTOS 1989).

Chiasma frequency shows a wide variation
both between and within different species and its
dependence on the genotype is well known. In the
Acrididae, the effect of B chromosomes on chi-
asma frequency has been studied by several work-
ers. The effect of the B chromosomes on chiasma
number and localization is a debatable question.
An increase in the mean chiasma frequency has
been found in Myrmeleotettix maculatus (JOHN &
HEWITT 1965; HEWITT & JOHN 1970), Evprepoc-
nemis plorans from south of the Iberian Peninsula
(CAMACHO et al. 1980), Amblyviropidia australis,
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Figs 6-8. Evprepocnemis Ff{){'{l’ﬂ.i‘. Fig. 6a,b. Mitotic met‘?ﬁhase; arrows indicate (a)lsinglc B and (b) two B chromosomes.
I':?lg. 7. Early prophase | with B (arrow). Fig. 8a-f. Diakinesis with one B associated with X or small/medium bivalent
(arrows). See Table 5. Bars equal 10 pm.

and Dichroplus elongatus possessing one or two it remained unaltered in carriers of two Bs. No in-
Bs (REMIS 1989; LOREY ef al. 1991), whereas in  crease in the chiasma frequency has been consis-
other cases the absence of effect has been observed  tently observed in individuals with an uneven
(JOHN & FREEMAN 1975). The present data dem-  number of the B chromosomes. Why may an un-
onstrated that chiasma number in individuals car- even B number occasionally affect chiasma
rying a single B was significantly increased, while  number ? What mechanism may underlie the ef-
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Figs 9 & 10. Eyprepocnemis plorans. Fig. 9a-e. Diakinesis or metaphase I with two B (a) associated with each other, (b) two
univalents. (c{J associated with centromeric region, (d) with telomeric region, and (¢) univalents associated with both
centromeric and telomeric region with X. Fig. 10a, b. Anaphase; arrows indicate B chromosomes. Bars equal 10 pm.

raphical distribution of B chromosomes in the grasshopper
.;l)-‘prepo.{:nemf_\' plorans, along a river basin, is mainly
shaped by non-selective historical events. Chromosome Re-
search 5: 194-198.

CAMACHO I. P.M_ CARBALLO A. R., CABRERO J. 1980. The
B-chromosome system of the grasshopper Evprepocnemis
plorans subsp. plorans (C ha]'pcnticrﬁ Chromosoma 80:
163-176.

C.}‘]\NO M.L,SANTOS ). L. 1988. B chromoiomcs ofthdc grags—
; . . o Heteracris littoralis: meiotic behaviour and endo-
CABRERO J., CAMACHO J. P, M. 1986, Cytogenetics studies in DPDEF: AGIeraorts | :
gomphocerinae grasshoppers. . Comparative analysis of phenotypic effects in both sexes. Genome 30: 797-801.
e Coband < ity 56: 365-3772 : ;
ghromosome C-banding patiem. Heredity 56: 365-372. CANO M. L, SANTOS J. L.1989. Cytological basis of the B
CABRERO J., LOPEZ-LEON M. D., GOMEZ R., CASTRO A_ I, chromosome accumulation mechanism in the grasshopper
MARTIN-ALGANZA A., CAMACHO J. P. M. 1997, Geo- Heteracris littoralis (Ramb). Heredity 62: 91-93.

fect of the B chromosome on recombination ex-
change level in the basic chromosome set? These
questions remain open.
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