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ABSTRACT.– Phylogenetic relationships of the endemic south Asian frogs of the genera

Indirana, Nyctibatrachus and Nannophrys were studied using DNA sequences (a total of

880 bp) of the mitochondrial 16S and 12S rRNA genes. The topology of the obtained

cladograms was largely unresolved, indicating a star-like radiation of the main ranid

lineages. No molecular affinities were found between the south Asian taxa and Malagasy

ranids. Nannophrys was positioned as sister group of Euphlyctis in all analyses. This

grouping, which was supported by moderate to high bootstrap values, indicates that

Nannophrys is an offshoot of Asian ranids, and not related to the South African

cacosternines. Karyotypes were obtained for Nannophrys ceylonensis (2n = 26), N.

marmorata (2n = 26), Indirana sp. (2n = 30) and I. cf. leptodactyla (2n = 24). The 2n = 30

karyotype of Indirana sp. was so far unknown in ranids; it may represent a transitory

stage in a process of karyotype reduction by means of centric fissions which produce

telocentric chromosomes, and their subsequent fusion.

KEY WORDS.– Amphibia: Ranidae: Indirana, Nannophrys, Nyctibatrachus; mitochondrial

DNA; karyotypes; phylogeny; chromosomal evoloution.

INTRODUCTION
The anuran family Ranidae is a speciose group
(750 nominal species) of largely unsolved phylo-
genetic relationships. There is little agreement in
the subfamilial partition of ranids, and different
schemes have been proposed (e.g., Duellman
and Trueb, 1986; Laurent, 1986; Dubois, 1992;
Blommers-Schlösser, 1993). Relationships of
three genera of ranids endemic to south Asia (In-
dia and Sri Lanka), Indirana, Nyctibatrachus

and Nannophrys, are especially enigmatic
(Blommers-Schlösser, 1993).

While Nannophrys has been revised by
Clarke (1983) and Dutta and Manamendra-
Arachchi (1996), no recent comprehensive

works have focused on Indirana and
Nyctibatrachus. Their phylogeny has so far only
been adressed by Blommers-Schlösser (1993),
and no karyological data are available on any of
the three genera (King, 1990; Prakash, 1998). In
the present paper, we present preliminary molec-
ular data on their relationships, and describe the
karyotypes of two species of Indirana and two
species of Nannophrys.

MATERIALS AND METHODS
We sequenced fragments of the mitochondrial
16S and 12S rRNA genes homologous to bp
4012-4561 and bp 2544-2909 of the Xenopus

laevis mt genome (Roe et al. 1985). Taxa studied
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are listed in Table 1. Details of primers, cycling
protocols and methodology of analyses are given
in Vences et al. (2000).

A female of each Nannophrys ceylonenis and
N. marmorata, a female of Indirana cf.
leptodactyla, and a male and a female of
Indirana sp. (aff . leptodactyla , f rom
Kodaikanal) were available for karyological
analysis. Each specimen was injected with a dose
(0.01 ml/g of body weight) of a 0.5 mg/ml
colchicine solution and sacrificed two hours
later , af ter anaesthesia with tr icaine
metasulfonate. Chromosomes were taken from
intestine, spleen, lungs and (in males) testes, em-
ploying the air drying and scraping method de-
scribed by Odierna et al. (1999). Standard
chromosome staining was conducted by means
of a solution of Giemsa 5% at pH 7. Of each spec-
imen at least 25 metaphase plates were counted

and 6 of them were karyotyped. Relative length
(R.L.; percentage ratio between the length of
each chromosome and the total lenght of all the
chromosomes) and centromeric index (C.I.; ratio
between the short arm and total length of a chro-
mosome) were determined in all specimens.
Chromosome nomenclature follows the specifi-
cations of Green and Session (1991).

RESULTS
Phylogenetic analysis of DNA sequences.- After
exclusion of 54 bp of one hypervariable region of
the 16S rRNA gene fragment, 509 bp of this frag-
ment and 371 bp of the 12S fragment were avail-
able for analysis. The maximum parsimony
(MP; not shown) and neighbor-joining (NJ) trees
obtained show inconsistent topologies, and few
lineages are corroborated by bootstrap values >
50% (Fig. 1). Position of some taxa appears to be

December, 2000] PHYLOGENETIC RELATIONSHIPS OF SOUTH ASIAN RANIDS 77

FIGURE 1: Neighbor-joining bootstrap consensus tree (HKY85-distances; shape factor 0.5) of south Asian taxa

in comparison to African, Malagasy and Asian ranids, based on 509 bp of 16S rRNA and 371 bp of 12S rRNA

gene sequences. Numbers are bootstrap values in percent (2000 replicates). Bufo asper was used as an outgroup.



almost random in a comparison of the results
based on different algorithms and different gene
fragments. The three endemic south Asian gen-
era are not arranged as monophylum in any
cladogram. All trees agree in placing the two
Malagasy ranids as monophyletic. The two spe-
cies of Nannophrys are solidly positioned as
monophylum in all analyses, as are the two spe-
cies of Indirana. The single aspect of the topol-

ogy informative regarding the position of the
south Asian genera is the consistent clustering of
Nannophrys with Euphlyctis hexadactylus. This
monophyletic group is supported by the 16S data
(bootstrap support: NJ 84%, MP 72%), the 12S
data (NJ 58%, MP 50%), and the combined anal-
ysis (NJ 91%, MP 63%). No affinities between
Nannophrys and the African Cacosternum were
detected.

78 HAMADRYAD [Vol. 25, No. 2,

FIGURE 2: Giemsa stained metaphase plates of Nannophrys ceylonensis (a), N. marmorata (b), Indirana sp.

(female) (c), I. cf. leptodactyla (d) and I. sp. (male) (e). The scale bar in c refers to all the images.
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Karyotypes.- Metaphase plates and karyo-
types of the studied species are shown in Figs.
2-3. Relative chromosome lengths and

centromeric indices are given in Table 2.
Nannophrys ceylonensis and N. marmorata pos-
sess 2n = 26 biarmed chromosomes, with the first
five pairs distinctively larger than the other eight
pairs. Chromosome pairs 1, 2, 5, 7, 8, 9 and 12 of
N. ceylonensis are metacentric, while the other
six pairs are submetacentric. In N. marmorata,

chromosome pairs 1, 2, 4, 5, 7, 8, 9, 11 and 12 are
metacentric, while the other four pairs are
submetacentric. Indirana sp. has 2n = 30 chro-
mosomes, 16 are biarmed and 14 uniarmed.
Chromosome pairs 1, 7, 8, 10, 12 and 15 are
metacentric, pairs 2 and 3 are subtelocentric and
pairs 4, 5, 6, 9, 11, 13 and 14 are telocentric.
Indirana cf. leptodactyla has 2n = 24 biarmed
chromosomes. The pairs 1-6 are distinctly larger
than the pairs 7-12. Chromosome pairs 1, 7, 8, 10
and 11 are metacentric, pairs 3, 4 and 12 are
submetacentric, pairs 2 and 5 are subtelocentric.

DISCUSSION
Phylogenetic relationships.- The studied gene
fragments do not adequately resolve the relation-
ships between the taxa studied. The respective
lineages may have similar ages, and possibly ra-
diated in a relatively short period, rendering the
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FIGURE 4: Chromosomes of Indirana sp. (b)

arranged to show how three centric fusion events

could give place to a karyotype of 2n = 24

chromososomes like that of Indirana cf. leptodactyla

(a); in this case by forming the “new” chromosomes 3,

4, and 6.

FIGURE 3: Karyotypes of Nannophrys ceylonensis (a), N. marmorata (b), Indirana sp. (male) (c), I. sp. (female)

(d), and I. cf. leptodactyla ( e).



phylogenetic signal in the analysed sequences
weak. The lack of conspicuous molecular rela-
tionships between south Asian and Malagasy
taxa indicates that it is not probable that both
groups have a common ancestor which lived in
isolation for at least 30 my on the Cretaceous
Madagascar-India continent (see Barron et al.,
1981; Duel lman and Trueb, 1986;
Blommers-Schlösser, 1993).

All MP and NJ analyses of the 16S, 12S, and
combined data sets agreed in placing Euphlyctis

as sister group of Nannophrys, in agreement
with the generalized karyotype of both (2n = 26
according to King 1990; Prakash, 1998; and this
study). Although the two genera may not be di-
rect sister groups, they almost certainly are
closely related to each other. This is surprising
considering their morphological distinctive-
ness. However, most of the characters which
make up the conspicuous general appearance of
Nannophrys and of Euphlyctis are clearly re-
lated to their habits. Euphlyctis are largely
aquatic species, mainly inhabiting lotic water
bodies. In contrast, Nannophrys are highly de-
rived (see Clarke, 1983), dorso-ventrally com-
pressed anurans specialized for a life in humid
crevices along brooks and in waterfalls. The
molecular da ta sugges t re jec t ion of
Blommers-Schlösser’s (1993) inclusion of
Nannophrys in her otherwise strictly African
subfamily Cacosterninae, as well as of Dubois’
(1992, 1999) proposal of inclusion of
Nannophrys, Nyctibatrachus and Indirana in an
endemic south Asian subfamily Ranixalinae.

Chromosomal evolution.- According to
King (1990), the vast majority of ranid frogs
have a karyotype of 2n = 26, with all chromo-
somes biarmed and the first five pairs distinctly
larger than the remaining eight pairs. The two
studied Nannophrys show this typical ranid
karyotype. Differences between both species
are found in the 4th and 11th chromosome pairs
which are metacentric in N. marmorata and
submetacentric in N . ceylonensis . Two
pericentric inversions may account for these
difference.

In contrast, the karyotype of the two studied
Indirana species, displaying 24 or 30 chromo-

somes, deviates from the standard ranid
karyological formula. A more reduced diploid
number of 2n = 24 chromosomes as observed in
Indirana cf. leptodactyla is known from a num-
ber of ranid groups, including petropedetines
and some mantellines (King, 1990). Among the
Raninae, it is found in all Ptychadena

karyotyped so far, and in a few Rana and
Limnonectes. On the other hand, the diploid
number of 2n = 30, with uniarmed and biarmed
chromosomes displayed by Indirana sp. is a nov-
elty among the Raninae, and in the Ranidae this
diploid number has so far been only found in a
Malagasy Mantidactylus species, M. cf.
femoralis (Aprea et al., 1998).

The 2n = 24 (or 22 or 20) biarmed chromo-
some karyotype is considered a derived condi-
tion from the 2n = 26 biarmed chromosome
state (Morescalchi, 1981; Bogart and Tandy,
1981; Green, 1983). According to these authors
this reduction could have occurred by means of
a process involving (a) inversions of biarmed
chromosomes to form telocentric chromosomes
and (b) their subsequent fusion. This evolution-
ary model has been preferred over an alternative
way to reach the reduction to 2n = 24 chromo-
somes, namely by (a) production of telocentric
elements by means of fissions of metacentic el-
ements, and (b) subsequent centric fusions of
these new telocentric chromosomes. So far this
alternative model suffered from the lack of
Raninae species possessing transitional karyo-
types with a diploid number higher than 2n = 26
chromosomes and telocentric elements. The
karyotype of Indirana sp., with 2n = 30 chromo-
somes and 7 telocentric pairs, could represent a
transitional state in the process of chromosome
reduction. Three fusions involving six
telocentric pairs could lead to a karyotype of 2n
= 24 chromosomes as found in I . cf .
leptodactyla (Fig. 4) . Addi t ional ly , a
pericentric inversion of one telocentric pair
(tentatively the 9th pair, see also Fig. 4) not in-
volved in centric fusions must also be assumed
in this scenario. If it is true that Indirana species
possess evolving karyotypes by means of
centric fissions which produce telocentric chro-
mosomes, and their subsequent fusions, such
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processes may also favour speciation events
within the genus.
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