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The C-banding karyotype of the jerboas Allactaga tetradactyla, Jaculus jaculus jaculus, and
Jaculus orientalis was described and interspecific relationships were discussed. Despite the
conservation of a relatively small amount of C-heterochromatin located at the centromeric
region of some chromosomes in all karyotypes, a striking loss of C-heterochromatin was
clearly observed in J. orientalis. C-bands were totally absent in 33 of the 48 chromosomes of
J. orientalis, compared to only 7 for J. j. jaculus and 11 for A. tetradactyla. The differences in
C-banding amongst karyotypes of the three species were attributed either to transformation
of heterochromatin into euchromatin or vice versa, deletion of heterochromatic segments
resulting from pericentric inversions, or to variation of euchromatin content and its
correlation with the chromosome size and arrangement of heterochromatin. The present
findings are consistent with the main hypotheses derived from morphological, chromosomal,
and biochemical data that the genera Allactaga and Jaculus have independently developed
from a common ancestral form and that J. jaculus and J. orientalis are both distinct
congeneric species, but revealed that the C-banding karyotypes of both J. j. jaculus and J.
orientalis are distantly related to each other. Therefore, it is concluded that the karyotype of J.
j. jaculus may be ancestral and that of J. orientalis may have derived from it.
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Considerable attention has been paid to the rela-
tionship of the dipodids (jerboas) Allactaga tetra-
dactyla, Jaculus jaculus, and Jaculus orientalis
during the last half century as a consequence of
their earlier taxonomic controversy (POCOCK
1922; VINOGRADOV 1930; SIMPSON 1945;
ELLERMAN 1948). WASSIF (1960) examined os-
teological traits and found that both J. jaculus and
J. orientalis are more similar to each other than ei-
ther of them are to A. tetradactyla. OSBORN and
HELMY (1980) studied both morphological and
osteological traits and accepted their classification
into the genera Allactaga and Jaculus. The genus
Allactaga comprised only A. tetradactyla, while
Jaculus included two species, J. jaculus and J. ori-
entalis. In addition, OSBORN and HELMY (1980)
recognized four subspecies of the lesser jerboa,
viz. Jaculus jaculus butleri, Jaculus jaculus flavil-
lus, Jaculus jaculus jaculus, and Jaculus jaculus
schlueteri, based on morphological variation. Af-

terwards, studies on sperm morphology revealed
that these dipodids are part of a single evolutionary
radiation (SHAHIN & IBRAHEEM 1998). Addition-
ally, SHAHIN (1999), based on molar and soft pal-
ate characters, hypothesized that the genera
Allactaga and Jaculus may represent two off-
shoots from a single dipodid ancestor and that J.
jaculus and J. orientalis are both distinct conge-
neric species. Chromosomal studies (ATA & SHA-
HIN 1999; ATA et al. 2001; SHAHIN & ATA 2001)
confirmed SHAHIN’s (1999) hypothesis and inter-
preted the dissimilarity in the G-bands of the mor-
phologically different chromosome pairs, either
between A. tetradactyla and the two congeneric
species J. orientalis and J. j. jaculus or between the
two latter species, as pericentric inversions. How-
ever, G-banding heterogeneity in morphologically
similar chromosomes is attributed to variation in
heterochromatin content and its correlation with
chromosome size (ATA & SHAHIN 1999). Moreo-



ver, biochemical studies (SHAHIN 2003) demon-
strated that J. orientalis appears to have shared a
more recent common ancestor with J. jaculus than
A. tetradactyla and divergence of these species
had occurred by the Miocene (ca. 9.6 to 18.7 mil-
lion years ago).

C-heterochromatin has been proven to differen-
tiate between very similar karyotypes (FREDGA &
MANDAHL 1973; MIURA 1995; SPASIC-BOSKO-
VIC et al. 1997; BRAGGIO et al. 1999; FORMAS &
CUEVAS 2000; OSHIDA et al. 2000a, b; CUEVAS &
FORMAS 2003; LEITE-SILVA et al. 2003). A pair of
homologous chromosomes may be heteromorphic
when one member has more heterochromatin ma-
terial than the other, i.e. an addition or deletion
making the homologues unequal (MANDAHL 1978,
1979; WARCHA£OWSKA-ŒLIWA & MARYAÑSKA-
NADACHOWSKA 1995; OSHIDA et al. 2000b). In
the present investigation, C-heterochromatin was
used to verify the relationships between dipodid
species obtained from morphological, biochemi-
cal, and karyotypic data and to describe karyotype
evolution in these species that possess a similar
karyotype of 2n=48 and FN=95-96 (SHAHIN &
ATA 2001).

Material and Methods

Adult individuals of Allactaga tetradactyla
Lichtenstein 1823 (3 �� and 4 ��), Jaculus jacu-
lus jaculus Linnaeus 1758 (3 �� and 3 ��), and
Jaculus orientalis Erxleben 1777 (3�� and 5��)
were captured in Egypt from Al Salum, Abu Ra-
wash, and Marsa Matruh, respectively, either with
the use of butterfly nets or with live traps placed in
tracks made in sand by vehicles. The animals were
intraperitoneally injected with 0.05% colchicine
solution (0.01 ml/g body weight) and one hour
later killed with chloroform. Mitotic chromosome
spreads from the femoral bone marrow cells were
prepared by the flame drying technique using the
method of YOSIDA (1973). C-bands were obtained
according to the standard protocol of SUMMNER
(1972), with major modifications. The slides were
immersed in 0.2 N HCL at 10oC for one hour,
rinsed in distilled water, and then kept in a satu-
rated Ba(OH)2. 8H2O solution for about 20-30 min
at 60-65oC. Subsequently, the slides were rinsed in
70% and 95% ethanol, incubated in 2X SSC at
60oC for 30 min, and rinsed in 2X SSC, 70%, and
95% ethanol. The slides were then stained in buff-
ered 4% Giemsa solution (1:10, pH 7.0) for 3-5
min at room temperature. About 20 to 100 meta-
phaseplates from both males and females of each
species were examined and good spreads (about
20-30) from each species were scored and photo-

graphed using Olympus BX 51 microscope with a
C-4040 zoom digital camera. The karyotype was
determined on the basis of five to ten well-spread
metaphase cells for each species. Chromosomes
were measured under a microscope using the Soft
Imaging System (SIS) analysis program (version
3.0) edited in 1999 by Soft Imaging System
GmbH, Germany, and classified according to the
system proposed by GREEN and SESSIONS (1991),
with a slight modification as described by SHAHIN
and ATA (2001).

Results

The karyotype of dipodid species has previously
been described by SHAHIN and ATA (2001). All
species have a diploid number of 2n=48 chromo-
somes and a fundamental number (FN) of 95 in
males and 96 in females. The X chromosome is
submetacentric, while the Y is telocentric (acro-
centric). In addition, A. tetradactyla has six subte-
locentrics (pairs no. 2, 4, 5, 6, 7, and 9), while the
remainders are submetacentrics, except for pairs
no. 10, 11, 18, and 19, which are metacentrics.
Nevertheless, J. orientalis, and J. j. jaculus have
only three subtelocentrics (pairs no. 2, 21, and 22)
and the others are submetacentrics, except for pair
no. 18 in J. orientalis and 20 in J. j. jaculus, which
are metacentrics.

As a rule, the dipodid species examined in this
study had a relatively small amount of constitutive
heterochromatin and their C-banding pattern was
characterized by the presence of a centromeric band
in a variable number of chromosomes of each of
the three species. Although the position of C-bands
was frequently similar in all species, significant
variation in size and occurrence of C-bands was
observed between the three species (Table 1; Figs
1-3).

Allactaga tetradactyla

All chromosomes of the complement have C-
bands except for pairs no. 1, 4, 5, 6, 8, and the X
chromosome. In these C-banding stained pairs, a
small centromeric C-band was observed only in
autosomes no. 3, 9, 11, 12, and 15, while the re-
maining 13 pairs and the Y chromosome possessed
a large centromeric C-band (Fig. 1).

Jaculus jaculus jaculus

Three autosomes (pairs no. 9, 16, and 23) and the
X chromosome have no C-bands. Nonetheless, six
pairs, no. 7, 8, 10, 15, 17, 20, and the Y chromo-
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some have a small centromeric C-band, while the
remaining 14 autosomes exhibit a large centro-
meric C-band. In addition, pair no. 11 has a hetero-
morphic feature (Fig. 2).

Jaculus orientalis

The chromosome complement of this species ex-
hibited a characteristic C-banding distribution,
which is somewhat different from the other two
species. Sixteen autosomal pairs and the X chro-
mosome are completely devoid of C-bands, how-
ever, centromeric C-bands were scored in the
remainder seven pairs and in the Y chromosome.
In these latter chromosomes, a small C-band was

shown in pairs no. 4, 6, 12, and in the Y chromo-
some, while a large band was scored in nos. 1, 2,
21, and 22 (Fig. 3).

C-banding comparison

A comparison of C-banding size and occurrence
in the chromosome complement of the three dipo-
dids is given in Table 1. In the 48 chromosomes,
only 9 (18.8%) possessed C-bands in all taxa, 38
(79.2%) chromosomes possessed C-bands, but ex-
hibited intertaxon variation, and only one (2.1%)
chromosome, the X chromosome, was entirely de-
void of C-bands. In this regard J. j. jaculus has the
lowest percentage of absence of C-blocks, 14.6%,
compared to 22.9% in A. tetradactyla and 68.8%
in J. orientalis. Further, C-blocks were heteroge-
neous in eight pairs (33.3%) of chromosomes and
completely absent in the X chromosome between
J. j. jaculus and A. tetradactyla, while they were
variable in 17 pairs (70.8%) and absent in pairs no.
5 and 8 and in the X chromosome between the lat-
ter species and J. orientalis. Nevertheless, there
was heterogeneity of C-band occurrence in 13
pairs (54.2%) and 3 pairs, no. 9, 16, and 23, and the
X chromosome exhibited no C-bands between J. j.
jaculus and J. orientalis.

Discussion

Chromosome examination of the dipodid spe-
cies A. tetradactyla, J. j. jaculus and J. orientalis
revealed a diploid number of 2n=48 chromosomes
and a fundamental number (FN) of 95 in males and
96 in females (SHAHIN & ATA 2001). Of these 48
chromosomes, both J. j. jaculus and J. orientalis
are different from A. tetradactyla in the morphol-
ogy of ten pairs (nos. 4, 5, 6, 7, 9, 10, 11, 19, 21, and
22), while they are in turn different from each other
in pair no. 20, only. ATA and SHAHIN (1999),
based on G-banding analysis, pointed out that the
polymorphism of the G-banding pattern in the
morphologically different chromosome pairs no.
4, 5, 6, 7, 9, 10, 11, 19, 20, 21, and 22 is due to peri-
centric inversions that occurred during karyotype
evolution of these species. Moreover, they inter-
preted the heterogeneity of G-bands in morpho-
logically similar pairs no. 1, 2, 3, and 14 as
variation of heterochromatin content and its corre-
lation with chromosome size and arrangement of
G-bands.

Many explanations have been put forward to ac-
count for variation in C-bands among karyotypes
of related species. For example, it has been attrib-
uted to transformation of heterochromatin into
euchromatin or vice versa (KING 1980, 1991;
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Table 1

Distribution of C-blocks into differ-
ent size categories among chromo-
somes of the three dipodids examined.
L = large, S = small, – = no C-blocks

Chromosome
no.

Species

(Number of cells examined
in both males & females)
A.

tetradactyla
(37 &100)

J. j.
jaculus

(31 & 23)

J.
orientalis
(29 & 63)

1 – L L

2 L L L

3 S L –

4 – L S

5 – L –

6 – L S

7 L S –

8 – S –

9 S – –

10 L S –

11 S L –

12 S L S

13 L L –

14 L L –

15 S S –

16 L – –

17 L S –

18 L L –

19 L L –

20 L S –

21 L L L

22 L L L

23 L – –

X – – –

Y L S S



KING & JOHN 1980; CABRERO et al. 1985; CUE-
VAS & FORMAS 2003) or to deletion or duplication
of heterochromatic segments (WHITE 1973;
CABRERO et al. 1985). It is evident that the hetero-
geneity of C-banding in morphologically different
chromosome pairs no. 4, 5, 6, 7, 9, 10, 11, 19, and
20 either between A. tetradactyla and both J. j.
jaculus and J. orientalis or between the two latter
species was due to transformation of heterochro-
matin into euchromatin or vice versa or to deletion
of heterochromatic segments resulting from peri-
centric inversions that occurred during karyotype
evolution. However, the heterogeneity of C-
banding distribution in morphologically similar
pairs no. 1, 3, 8, 13, 14, 15, 16, 17, 18, and 23 could

be attributed to variation of euchromatin content
and its correlation with chromosome size and ar-
rangement of constitutive heterochromatin.
Moreover, the similarity of C-banding in pairs no.
21 and 22 could be interpreted as pericentric inver-
sion of heterochromatin arms without any change
in the arrangement of both euchromatin and het-
erochromatin content. Nevertheless, the similarity
of the C-banding pattern in pairs no. 2, 12, and the
Y chromosome could be explained just as well in
terms of variation of euchromatin content and its
correlation with chromosome size and amount of
heterochromatin. This interpretation was also con-
firmed in a G-banding analysis carried out by ATA
and SHAHIN (1999).

Fig. 1. C-banded karyotype of Allactaga tetradactyla. (a) Metaphase cell from a female; (b) Karyotype of a female, in addition
to the Y chromosome from a male. Bar = 10 �m.
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A noteworthy finding of this study is that most
heterochromatic segments were conserved in the
chromosomes of the species examined except for
J. orientalis, where the corresponding segments
found in both J. j. jaculus and A. tetradactyla have
been lost or euchromatinized during karyotype
evolution. Although such variability in hetero-
chromatin content may generally alter the total
DNA content for these species, it provides a con-
siderable affinity between these species and in par-
ticular between the two congeneric species J. jacu-
lus and J. orientalis. A more detailed analysis us-
ing comparative chromosome painting (ZOO-FISH)
and gene mapping technology will be needed to
determine the patterns of genome variation or con-

servation in these species, particularly in the genus
Jaculus. Furthermore, the X chromosome, in con-
trast to many mammalian species, has no constitu-
tive heterochromatin (e.g. FREDGA and MANDAHL
1973; MANDAHL 1978; GAMPERL et al. 1982;
GRAVES and WATSON 1991; BRAGGIO et al.
1999; OSHIDA et al. 2000a, b; LEITE-SILVA et al.
2003; MEGIAS-NOGAELS et al. 2003). This means
that the euchromatic X chromosome may have
been shared in these dipodid species throughout
the process of karyotype evolution. These results
were also confirmed in meiotic preparations (ATA
and SHAHIN, in preparation).

In conclusion, the present findings are consistent
with the main hypotheses derived from morpho-

Fig. 2. C-banded karyotype of Jaculus jaculus jaculus. (a) Metaphase cell from a male; (b) Karyotype of a male. Bar = 10�m.
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logical (SHAHIN & IBRAHEEM 1998; SHAHIN
1999), chromosomal (ATA & SHAHIN 1999; SHA-
HIN & ATA 2001; ATA et al. 2001), and biochemi-
cal (SHAHIN 2003) data that the genera Allactaga
and Jaculus have independently developed from a
common ancestral form and that J. jaculus and J.
orientalis are both distinct congeneric species.
Moreover, this cytogenetic information is crucial
for explaining the relationship of these species and
reveales that although the karyotypes of both J. j.
jaculus and J. orientalis are morphologically more
similar to each other than either of them are to A.
tetradactyla (SHAHIN & ATA 2001), they have a

quite variable C-banding pattern. Hence, a formal
suggestion would be that the karyotype of J. j.
jaculus may be ancestral and that of J. orientalis
derived, although caution must be exercised in ar-
riving at evolutionary judgments based on karyol-
ogy alone.
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