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Abstract. Karyotypes, meiosis and spermatogenesis of Hyla savignyi Audouin, 1827
from Southern Armenia were studied for the first time by conventional Giemsa staining,
C- and Ag-banding methods. A karyotype with 2n=24 was revealed. All chromosomes
are macrochromosomes (8M+12sM+4sT, NF=48) and form bivalents in meiosis I. A
secondary constriction was found in both sexes on the 9-th autosome pair which was
NOR-positive. Blocks of C-heterochromatin were revealed on the short arms of pairs 3
and 8 and on the long arms of pairs 7 and 9. Only one specimen (female) had an
additional NOR on one of homologues of pair 5. A comparison of the karyotypes of
H. savignyi and H. arborea schelkownikovi Chernov, 1926 reveals their close
relationship.
Key words: Amphibia, Hyla, karyotypes, C-heterochromatin, NOR, chromosome
polymorphism.

INTRODUCTION
Savigny’s tree frog, Hyla savignyi Audouin,
1827, is widespread in Southern Armenia, while
Shelkownikov’s tree frog, Hyla arborea schelkownikovi Chernov, 1926, is often met in Northern
Armenia. According to earlier literature data,
Savigny’s tree frog was considered as a subspecies of the European tree frog Hyla arborea
savignyi (Nikolsky, 1918; Chernov, 1939; Dal,
1954). However, recent studies have shown that
Savigny’s tree frog differs from the European tree
frog in ecology, morphology (absence of anterodorsally-oriented loop), mating calls, and biochemical peculiarities (Schneider, Nevo, 1972;
Egiasarian, Schneider, 1990). In the light of recent data, the Savigny’s tree frog is separated as
a distinct species (Bannikov et al., 1977; Ananjeva
et al., 1998). Nevertheless, the karyotype of tree
frogs from Armenia still is not studied.
In present study, comparison of data on chro-
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mosomal sets of Savigny’s tree frog and Shelkownikov’s tree frog from Armenia with regards to their
systematic position is presented for the first time.

MATERIAL AND METHODS
The Hyla savignyi Audouin, 1827 were collected in 2003 and 2004 from the Ararat valley in
two southern regions of Armenia. The karyotypes
of two females and two males from the vicinity of
the village Urtsadzor (Ararat region; 39°55’N/
44°50’E; 1110 m) and four males and four females
from the vicinity of the town Ejmiatsin (Armavyr
region; 40°09’N/44°17’E; 870 m) were studied.
Chromosome smears were prepared from
bone marrow, spleen and testes as described in
Haertel et al. (1974) and Macgregor, Varley
(1986). C-banding was done according to Sumner
(1972) with some modifications. Silver staining was
performed following the Howell, Black (1978)
technique. Chromosome slides were examined
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Fig. 1. Male chromosomes of Hyla savignyi from Armenia. a - C-banded karyogram. Arrows indicate C-positive
regions. White triangles indicate weakly marked C-banded regions. NOR- bearing chromosomes are framed. bdiakinesis. Bar = 10 µm.

under “NU-2E” (K. Zeiss, Germany) microscope,
with a 1125 magnification (90 x 12.5). Homologous chromosome pairs were identified according to the classification of Levan et al. (1964).

RESULTS
The chromosome complements of Hyla
savignyi from both regions of Southern Armenia
are similar and comprise 24 chromosomes
(NF=48). The karyotypes consist of 4 pairs of
metacentric, 6 pairs of submetacentric and 2 pairs
of subtelocentric chromosomes. A secondary constriction was observed in the long arm of the 9-th
pair in both sexes (Figs 1, a; 2, a, c).
The karyotype of one female collected near
Urtsadzor displayed dimorphism in the 5-th pair
of chromosomes, in which the large submetacentric homologue possesses a secondary constriction in the short arm, while a middle-sized submetacentric homologue has no secondary constriction (Fig. 2, b, c).
At male diakinesis 12 ring-shaped, stickshaped, and half-round-shaped bivalents were
revealed (Fig. 1, b).

Blocks of C- heterochromatin were observed
in the interstitial regions of the short arms of the 3rd (submetacentric) and 8-th (metacentric) pairs
as well as in the long arms of the 7-th and 9-th
(submetacentric) pairs in the karyotypes of all
males (Fig. 1, a). Weakly stained C-banded regions also appeared on the pericentromeric part
of the short arm of the 5-th pair and the terminal
part of the long arm of the 6-th pair of chromosomes (Fig. 1, a). Ag-banding revealed an
argentophilous body placed on the 9-th pairs of
chromosomes of all males and five females (Figs
1, a; 2, a, b). In addition, a NOR-bearing region
appeared on the satellite of a large submetacentric chromosome pair 5 in the karyotype of one
female from Urtsadzor (Fig. 2, b, c).

DISCUSSION
Hylidae are a large family of tree frogs widespread in the American, Eurasian and Australian
continents, and consist of approximately 870
known species, combined into four subfamilies
(Faivovich et al., 2005).
The diploid numbers of chromosomes in most
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Fig. 2. Female chromosomes of Hyla savignyi from Armenia. a - mitotic metaphase of normal female. b- Mitotic
metaphase of a deviant female. c - karyogram of a deviant female. Arrows indicate NOR-positive regions. NORbearing chromosomes of female are shown in the frame. Bar = 10 µm.

of the Hylidae range from 22 to 34 (Morescalchi,
1965, 1973, 1977; Stephenson, Stephenson,
1970; Schmid, 1978; Wiley, Little, 2000; Wiley,
2003; Schmid, Steinlein, 2003). The majority of
species within the genus Hyla have 2n=24
(NF=48) (Morescalchi, 1973, 1977; Miura,
1995; Mable, Bogart, 1995; Schmid, Steinlein,
2003; Wiley, 2003; Al-Shehri, Al-Salech, 2005)
and include metacentric and submetacentric chromosomes. The karyotype of H. savignyi from
Armenia also includes 2n=24, however it consists
of metacentric, submetacentric and subtelocentric
chromosomes.
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The morphometric analysis carried out by conventional Giemsa staining and Ag-banding has
shown that two homologues of the 9-th pair of
chromosomes in all males and five females of H.
savignyi from Armenia have secondary constrictions in the long arms. However, the chromosomal
complement of one female had an additional secondary constriction on the short arm of one of
homologues of autosomal pair 5. Heterozygosity
had previously been documented for a male Xenopus laevis (Daudin, 1802) (Pipidae), which had
lost one of the two NORs in the 12-th autosomal
pair. This individual was viable, and showed a
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Table. The karyotype features of Hyla savignyi and H. arborea schelkownikovi. 2n - diploid number of
chromosomes, NF- fundamental number of chromosome arms, Sec. cns. - second constriction, Sex - sex chromosomes,
C-bd - C-positive heterochromatic blocks, NOR – localization of nucleolar organizer regions. m - metacentric, sm submetacentric, st - subtelocentric chromosomes; p - short arm, q - long arm.

Species

Population

Armenia
(Ejmiatsin
Urtsadzor)
Hyla savignyi
(males, females)

H. arborea
schelkownikovi
(males)

Urtsadzor

Cbd

N
O
R

2n

NF

Sec.
cns

Sex

24

48

9-th

-

2, 4,
7,
8,9

9q

24

48

5-th
9-th

-

-

5p
9q

Saudi
Arabia

24

48

9-th

Armenia
(Alaverdi)

24

48

9-th

single nucleolar constriction and a single nucleolus
(Kahn, 1962; Birnstiel et al., 1966). The present
study documents an additional case of NOR heterozygosity in amphibians.
According to Al-Shehri and Al-Salech (2005),
the 9-th chromosome pair of H. savignyi is represented by submetacentric sex chromosomes of
the XY type in males and XX in females. The X
chromosome is longer than Y and had a secondary constriction in the long arms. We revealed a
secondary constriction in the long arm of submetacentric chromosomes of chromosome pair 9 in all
studied specimens (both, males and females), that
is evidence that this chromosome pair does not
consist of sex chromosomes. The heteromorphic
pair 5 also can not be considered as a pair of sex
chromosomes as was observed in one female
specimen only. The absence of C- and Ag-banding data of chromosomal sets of H. savignyi from
Saudi Arabia points to that its karyotype was insufficiently investigated. As a result, the additional
karyological data obtained by different staining
methods of hylas from various populations are
needed for reliable comparison of our new data.

9
XX/
XY
-

Karyotype
formula

8m+12sm+4st

-

9q

10m+10sm+4a

-

9q

12m+8sm+4st

Sources

Authors’
data

Al-Shehri,
Al-Salech,
2005
Authors’
data

Chromosomal sets of H. savignyi from Southern Armenia and Saudi Arabia (Al-Shehri, AlSalech, 2005) are similar in diploid chromosomal
number, fundamental number of chromosomal
arms, presence of a chromosomal pair with secondary constriction, 4 pairs of metacentric, 5 pairs
of submetacentric and 2 pairs of subtelocentric
chromosomes, but differ in 2 pairs of metacentric,
2 pairs of submetacentric chromosomes and the
sex chromosomes (Table). However, these differences can be the result of different methods of
chromosome measurement. Thus, Al-Shehri and
Al-Salech (2005) considered chromosome pairs
11 and 12 as acrocentric. According to our measurements, these pairs are subtelocentric. It is quite
possible, that differences in measurement methods also affect the other chromosomal pairs.
The comparison of the karyotypes of Hyla
savignyi and H. arborea schelkownikovi from
Armenia shows similarities in their diploid number
of chromosomes, fundamental number of chromosomal arms, second constriction bearing chromosomes (9-th pair) and morphology of 8 metacentric, 8 submetacentric, 4 subtelocentric chromo-
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Fig. 3. Male chromosomes of H. arborea schelkownikovi from Armenia. a - karyogram, the pair of argentophylous
chromosomes is framed. Bar = 10 µm.

somes (Fig. 3; Table). These species differ by 4
metacentric and 4 submetacentric chromosomes
(Table). Unfortunately, C-banding patterns were
not obtained in H. arborea schelkownikovi from
Northern Armenia and our results were based on
conventional Giemsa staining data.
Phylogenetic analyses, based on approximately
5100 base pairs from four mitochondrial (12S,
tRNA, valine, 16S, and cytochrome b), and five
nuclear genes, have shown close similarity between
these two species. As a result, H. savignyi and
H. arborea fall into one cluster in “H. arborea”
species group (Faivovich et al., 2005). Our study
of the karyotypes of H. savignyi and H. arborea
also reveals high affinity in their chromosome sets,
although we have found some differences.
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