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G-band and C-band patterns were studied for three
species of vespertilionid bats (Myotis myotis, M.
oxygnathus, and Miniopterus schreibersi) from Yugo-
slavia. Banding patterns of the two species of Myotis
were identical. The major differences between the
karyotypes of Myotis and Miniopterus can be ex-
plained by pericentric inversions in two chromosomes
and a centric fission (or fusion) in one chromosome.
No differences were found in constitutive heterochro-
matin.

Introduction

The study of vertebrate cytogenetics was greatly ad-
vanced by the discovery of Caspersson et al. (1969)
that banding patterns could be produced on eukaryo-
tic metaphase chromosomes. This allows homologous
chromosomes to be identified by their unique band-
ing pattern. Banding techniques are now important
tools for biclogists studying many aspects of cyto-
genetics including systematics and evolution (Bick-
ham & Baker, 1976).

Studies of chromosomes have led to a better un-
derstanding of systematic and phylogenetic relation-
ships of bats and other groups (Baker, 1970; Capanna
& Civitelli, 1973) but only a few studies have made
use of banding techniques (Bickham, 1976; Mascarel-
lo et al., 1974; Pathak et al., 1973; Stock, 1975).
Chromosome banding data are presented for Myofis

'Present address: Department of Wildlife and Fisheries Sci-

ences, Texas A&M University, College Station, Texas 77843.
>Present address: Museum of Vertebrate Zoology, University
of California, Berkeley, California 94720.

myotis Kaup, M. oxygnathus Monticelli, and Miniop-
terus schreibersi (Bonaparte) from Yugoslavia. Taxo-
nomic and phylogenetic implications are discussed.

Material and methods

A single male of each species was studied. The bats
were collected from natural populations and tissue
biopsies were taken in the field. The biopsied tissues
were returned to Texas Tech University where fibro-
blast cultures were established and grown in Ham’s
F-10 medium, fortified with 10% fetal calf serum.
Karyotypes were prepared by using Velban (Lilly) as
a mitotic inhibitor at a rate of 0.075 mg Velban per
ml growth medium for 15 minutes. The cells were
treated in hypotonic solution (1 part growth medium;
2 parts water) for 15 minutes, and fixed in 3:1 (me-
thanol:acetic acid) fixative. Air dried slides were pre-
pared.

The G-band technique is that of Seabright (1971)
and utilized fresh slides which had been warmed on a
slide warmer (60°C) for 2 hours. The C-band tech-
nique is a modification of Sumner ’s (1972) tech-
nique. Slides were allowed to set overnight at room
temperature before being treated with 5% Ba(OH),
for 4 minutes at room temperature, rinsed, and
placed in 1 x SSC (60°C) for 30 minutes. The slides
were then stained with Giemsa (2%) in phosphate
buffer pH7.

Results
Two species of Myotis (M. myotis, and M. oxygna-

1



INV?

188 Lo wnBanoagne

%é&&ﬁnw%%@%é@@@wwﬂm«“” 2

INV? A
I 104

CEDeLu@O L Qomd i b8 oo 88 ﬁ

Fig. 1. G-band karyotypes of Myotis myotis and Miniopterus
schreibersi. CF means centric fission or centric fusion, INV
means inversion. A is the largest 10 pair of autosomes of M.
myotis (top row) and their presumed homologues of Miniop-
terus placed beneath. B is the 11 smallest pairs of autosomes
of M. myotis (top row) and the presumed homologues of
Miniopterus placed beneath. The sex chromosomes are placed
at the end of the karyotypes. X1000.

thus) were studied. G- and C-band patterns for these
two species are identical. Both species possess 2n =
44 chromosomes. There are three pairs of large and
one of small biarmed autosomes, and 17 pairs of acro-
centric autosomes. The X is submetacentric, the Y is
acrocentric and the same size as the third smallest
autosome. Each chromosome pair is identifiable by
its unique G-band pattern (Fig. 1). Constitutive hete-
rochromatin, as identified by the C-band technique, is
restricted to the centromeric regions of the auto-
somes and X, the Y is mostly heterochromatin.

Miniopterus schreibersi possesses 2n = 46 chromo-
somes. There are two large, one medium, and one
small pair of biarmed autosomes and 18 pairs of acro-
centric autosomes. The sex chromosomes are a sub-
metacentric X and an acrocentric Y the size of the
third smallest autosome. The C-band pattern of Mi-
niopterus is identical to that of Myotis described pre-
viously. G-band karyotypes are shown for Myotis
myotis and Miniopterus schreibersi in Fig. 1.

Discussion

The two genera of vespertilionids studied belong to
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different subfamilies. Myofis is in the subfamily Ves-
pertilioninae and Miniopterus is in the subfamily
Miniopterinae (Koopman & Jones, 1970). Despite the
distant taxonomic relationship between these two
genera, there is a remarkable similarity in the banding
patterns of the chromosomes. In both genera C-band
heterochromatin is restricted to the centromeric re-
gions of the autosomes and the X, the Y is mostly
heterochromatic. The G-band patterns indicate that a
single centric fission (or fusion) and two pericentric
inversions are the major differences between the kary-
otypes of the two genera. The sex chromosomes and
18 pairs of autosomes appear to be mostly identical
between the two genera based on G-band pattern.

There are some additional slight differences be-
tween the chromosomes-of the two genera. The
longest acrocentric chromosome of Myofis has a small
but consistently discernable, G and C negative second
arm. This is absent in our specimen of Miniopterus.
The smallest autosome in Miniopterus is biarmed and
is acrocentric in the two species of Myofis. The differ-
ence is possibly due to a pericentric inversion. We
were unable to demonstrate a positive C-band on
either arm but the addition of a heterochromatic arm
cannot entirely be ruled out as the region is so small.
Bickham (1976) reported this chromosome varies, as
either an acrocentric or metacentric, between differ-
ent species of North American Myotis. The variation
is explained by the addition of a small piece of hete-
rochromatin in M. thysanodes and M. evotis.

Bickham (1976) examined the banding patterns of
11 genera of vespertilionid bats and concluded that
the karyotype of Myotis is most likely the primitive
karyotype for the family. This is in agreement with
Capanna & Civitelli (1970). Myotis is geologically the
oldest extant vespertilionid genus and is generally
considered to be morphologically primitive (Handley,
1959). Miniopterus is also a geologically old genus
and the two genera may have evolved from a common
ancestor early during the evolution of vespertilionid
bats. This early differentiation was accompanied by
only a few chromosomal changes and the karyotypes
of extant Miniopterus and Myotis closely reflect what
the karyotype must have been in the primitive stock
from which they evolved. Other genera of vesperti-
lionids have modified their karyotypes mainly by
Robertsonian mechanisms (Baker & Patton, 1967;
Bickham, 1976; Capanna & Civitelli, 1970). The early
evolutionary divergence of Miniopterus and Myotis



was accompanied by a rapid morphological diver-
gence on the part of Miniopterus. The morphological
differences are sufficient to support placing the two
genera in different subfamilies. The karyotypes are a
more conservative character and reflect the phyloge-
netic relationship of Miniopterus and Myotis.

The karyotypes of vespertilionid bats seem to be
evolutionarily conservative in general. The genus
Mpyotis is a good illustration of this. Myotis myotis
and M. oxygnathus from Yugoslavia were found to be
karyotypically identical based on banding pattern. In
addition, Bickham (1976) examined the banding pat-
terns of 8 New World species of Myotis and found
only minor differences in the size of the heterochro-
matic Y and in the smallest autosome. This conserva-
tism is also reflected in the fact that intraspecific and
intrageneric chromosomal variation is uncommon in
this family (Baker, 1970; Baker & Patton, 1967; Ca-
panna & Civitelli, 1970). Although our sample size is
low we have made every effort to be sure of our
presumed interspecific homologies. Several banded
karyotypes were prepared for each species and in ad-
dition 10-25 banded spreads were examined through
the microscope. No intra-individual variation was
found, the banding patterns were always consistent
from cell to cell. Thus, we feel assured that the data
presented are representative of the three species stud-
ied.
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