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Abstract The genera Leptodactylus and Adenomera
comprise 92 species distributed throughout the Neotropical
region. These species have a modal diploid chromosome
number 2n = 22. However, chromosome rearrangements
are evident in the differentiation of five intra-generic
groups in the genus Leprodactylus (L. fuscus, L. latrans, L.
marmoratus (formally composed by the species of the
genus Adenomera), L. melanonotus, L. pentadactylus), yet
it is not clear if there is a karyotype pattern for each group.
Aiming to understand the intra-generic and interspecific
karyotype patterns of Leptodactylus and Adenomera,
cytogenetic analyses were performed in A. andreae, L.
macrosternum, L. pentadactylus, L. petersii, and L. riveroi
using conventional staining, C-banding, nucleolus orga-
nizer region (NOR) and hybridization in situ fluorescent
(FISH). The karyotype of Leptodactylus riveroi was
described for the first time. Adenomera andreae had
2n = 26, while the remaining species 2n = 22. The NOR
was found on pair No. 8 of A. andreae, L. macrosternum, L.
pentadactylus, and L. riveroi, whereas L. petersii had it on
pairs Nos. 6 and 10. These locations were confirmed by the
FISH with 18S rDNA probe, except for pair No. 10 of L.
petersii. The C-banding pattern was evident at the
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centromeres of chromosomes of all species and some
interspecific variations were also observed. 2n = 22 was
observed in the species of the L. latrans group, as well as in
the intra-generic groups L. fuscus and L. pentadactylus; in
the L. melanonotus group there were three diploid chro-
mosome numbers 2n = 20, 22 and 24; and a larger varia-
tion in 2n was also evident in the L. marmoratus group.

Keywords Leptodactylid diversity - Anuran
cytotaxonomy - Chromosome banding - rDNA FISH - NOR
phenotypes

Introduction

The family Leptodactylidae is composed of 199 species,
viz. 74 assigned to the genus Leptodactylus and 18 to the
genus Adenomera (Frost 2015). Representatives of the
genus Leptodactylus have a broad geographical distribu-
tion, ranging from the south of North America to South
America, including the Caribbean, Antilles and the Baha-
mas, while Adenomera occurs in South America east of the
Andes (Frost 2015). In Central Amazonia, species of these
genera are found in open areas, as well as inside forests and
along forest edges (Lima et al. 2012). The taxonomy of the
genus Leptodactylus, as well as of the family Lepto-
dactylidae, remains contradictory. Conventionally, the
genus Leptodactylus was divided into five intra-generic
groups [Leptodactylus fuscus, L. marmoratus, L. melanono-
tus, L. ocellatus (=L. latrans), and L. pentadactylus], based
on ecological characters (Heyer 1969). However, in 1974
Heyer resurrected the genus Adenomera for the L. mar-
moratus group. Many revisions based on their morpho-
logical or genetic characteristics have been proposed over
the last 10 years (Frost et al. 2006; Pyron and Wiens 2011;
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de S4 et al. 2014), including the synonymy of Adenomera
to Leptodactylus (Frost et al. 2006) and the new recent
resurrection of the genus Adenomera (Pyron and Wiens
2011; de Sa et al. 2014). Following these recent changes,
below we refer to the four species groups of Leptodactylus
according to Heyer (1969) [L. fuscus, L. melanonotus, L.
latrans, and L. pentadactylus], and to the genus
Adenomera.

Reproductive mode is the most distinctive feature of the
four Leptodactylus intra-generic groups (Heyer 1969) and
Adenomera. The reproductive mode of species of the L.
latrans group is basal, because the foam nests are deposited
on the water surface and the tadpoles are exclusively
aquatic (Haddad and Prado 2005; de Sa et al. 2014). Eggs
in foam nests, as well as larvae in initial stages, found in
underground chambers, are characteristics of species from
the L. fuscus group (Haddad and Prado 2005). Species from
the groups L. melanonotus and L. pentadactylus deposit the
foam nests on the water accumulated in basins constructed
by males. This mode is characterized as intermediate
between an aquatic and a terrestrial environment (Heyer
1969; Haddad and Prado 2005). The majority of the Ade-
nomera species deposit the nests in underground chambers
constructed by males and the tadpoles of many species
complete their development inside these chambers (Had-
dad and Prado 2005).

As to the cytogenetics of these frogs, around 43 % of
species from the genus Leptodactylus and 22 % of species
from the genus Adenomera have been karyotyped (Begak
1968; Denaro 1972; Bogart 1974; De Lucca and Jim 1974;
Silva et al. 2000; Amaro-Ghilardi et al. 2004; Silva et al.
2004; Amaro-Ghilardi et al. 2006; Silva et al. 2006; Arruda
and Morielle-Versute 2008; Campos et al. 2009; Oliveira
et al. 2010; Campos 2010; Suéarez 2010; Gazoni et al. 2012;
Coelho 2013). Among the Leptodactylus species, 94 %
have diploid chromosome number 2n = 22 chromosomes,
with variation in the composition of the karyotype and in
the nucleolus organizer region (NOR) phenotypes, while in
the genus Adenomera, the 2n = 23, 24 or 26. Moreover,
karyotypes all of the species possess blocks of constitutive
heterochromatin located in pericentromeric/centromeric
position in the majority of the chromosomes, although
additional heterochromatic marks were also found in some
taxa.

This study deals with identification of karyotype and
other chromosomal markers using conventional and
molecular cytogenetic protocols among the intra-ge-
netic groups of Leptodactylus and the genus Ade-
nomera, including five species of anurans from Central
Amazonia and inter-population differences and
description of the karyotype of Leptodactylus riveroi
for the first time.
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Materials and methods
Species and collection localities

Chromosome analyses were performed using 15 individu-
als of five species: Adenomera andreae (37), Leptodactylus
macrosternum (13 and 1%), Leptodactylus pentadactylus
(13, 2%, and 47), Leptodactylus petersii (19), and Lepto-
dactylus riveroi (13 and 19). All individuals were collected
in the state of Amazonas, Brazil (Table 1). Acoustic and
visual searches were carried out throughout the night,
guided by the animals’ vocalization, and the capture was
active. The animals were anesthetized by lethal doses of
gel xylocaine 5 %. The specimens were fixed in
formaldehyde 10 % for 24 h, and kept in alcohol (70 %).
The collection was permitted by Instituto Chico Mendes de
Conservacdo da Biodiversidade (ICMBio) (# 35424-1,
3678-1, 11323) and by the Ethic Committee for Animal
Experimentation (CEEA) at the Universidade Federal do
Amazonas (# 076/2012).

Conventional cytogenetics

Fresh baking yeast in the proportion of 0.1 ml/10 g body
weight was used to stimulate mitotic cell division follow-
ing the method of Cole and Leavens (1971). After 48 h,
mitotic chromosomes were prepared from liver and femur
bone marrow, according to the protocols of Ford and
Hamerton (1956), and Baldissera et al. (1993). The
detection of the NOR was performed according to Howell
and Black (1980). Constitutive heterochromatin was
detected using the method of Sumner (1972). A minimum
of 30 metaphases were analyzed in each individual and the
chromosomes were classified according to Green and
Sessions (1991, 2007).

Molecular cytogenetics

Total genomic DNA was extracted from the muscles of L.
fuscus and L. riveroi, following the phenol-chloroform
protocol detailed by Sambrook and Russell (2001).
Amplification by polymerase chain reaction (Saiki et al.
1988) of the 18S rRNA gene was conducted using the
primers DNAr 18S (IpF 5-CCGCTTTGGTGACTCTT-
GAT-3' and IpR 5-CCGAGGACCTCACTAAACCA-3")
(Gross et al. 2010). The PCR products were labelled with
DIG-Nick™ Translation Mix Kit (Roche) or BioNick™
Labeling System Kit (Invitrogen) and used as a probe in the
in situ fluorescent hybridization technique (FISH). FISH
using homologous probes was carried out based on the
protocols described by Pinkel et al. (1986), with modifi-
cations. Signals 18 S rDNA probe were detected by the
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Table 1 Analyzed individuals of Leptodactylus and Adenomera Herpetological Collection of the Instituto Nacional de Pesquisa da
indicating the species, sampling sites, sex, and identification number Amazdnia (INPA-H)
of the Paulo Biihrnheim Zoological Collection (CZPB-UFAM) and

Genus/group Species Collection No. of Number in the scientific
localities specimens/sex collections
Adenomera Adenomera andreae b 27 CZPB-UFAM 164-345, 169-366
(Miiller, 1923) f 1? INPA-H 31449
Leptodactylus latrans Leptodactylus d 13 and 19 CZPB-UFAM 163-343, 163-344

macrosternum Miranda-
Ribeiro, 1926

Leptodactylus pentadactylus Leptodactylus a 13 and 19 CZPB-UFAM 160-333, 162-341
pentadactylus (Laurenti, e 19 INPA-H 31455
1768) g 4? INPA-H 31451-31454
Leptodactylus melanonotus Leptodactylus petersii c 19 CZPB-UFAM 161-335
(Steindachner, 1864)
Leptodactylus riveroi Heyer c 13 and 19 CZPB-UFAM 161-334, 161-336

and Pyburn, 1983

As described: 3 = male; @ = female; ? = undetermined sex. The sampling sites are: a—UFAM Campus, Manaus (03°06'4.3"S, 59°58'32"W);
b—INPA, Manaus (03°5'21”S, 59°59'21"W); c—Adolpho Ducke Florestal Reserve, Manaus (02°55'37"S, 59°53/31"W); d—Cataldo Lake,
Iranduba (03°09'47"S, 059°54'29"W); e—Jatapu River, Sdo Sebastido do Uatuma (0°53/36"W, 58°51'W); f—Daraha River, Santa Isabel do Rio
Negro (0°24'24"N, 65°1'1"W); g—1Jacinto Stream (Purus River), Tapaua (04°50'20"S, 62°53'28"W)

antidigoxygenin antibody. FISH was performed with high (impregnated by silver nitrate) did not present positive
stringency (2.5 ng/pl of DNA, 50 % deionized formamide, 18 rDNA site.
10 % dextran sulfate, and 2x SSC at 37 °C for 18 h). The Regarding constitutive heterochromatin distribution, the
slides were counter-stained with DAPI. Chromosomes  karyotypes of five analyzed species had centromeric blocks
were organized by decreasing size, and the morphology  in all of the chromosomes. Additionally, that of A. andreae
was determined based on the centromere position (Green  had conspicuous blocks on pairs 1-3, and 4; and the other
and Sessions 1991). marks were weak when compared to those of the other
species (Fig. 1a). In L. macrosternum heterochromatic
blocks were pericentromeric (marks invading the p arms) on
Results pairs 7 and 8, and terminal blocks were evident on pairs 1, 2,
6 (tenuous marks), 3, and 4 (conspicuous marks) (Fig. 1d).
Adenomera andreae had 2n = 26 chromosomes and  Karyotype of L. pentadactylus showed entirely heterochro-
fundamental number (FN) = 34 and karyotype composed = matic chromosome arms on pairs Nos. 8 (q arm) and 10
of 2m 4 2sm + 4st + 18t (Fig. la). Leptodactylus  (p arm); terminal heterochromatic blocks on the q arm of
macrosternum, L. pentadactylus, L. petersii and L. riveroi pairs Nos. 2, 3, and 5 and on the p arm of pair No. 1
had 2n = 22 chromosomes and FN = 42 (Fig. 1d, g, j, m)  (Fig. 1g). Karyotype of L. petersii had terminal heterochro-
and karyotypes composed of 8 m + 8sm + 6st, 12 m +  matic blocks on pairs Nos. 5 and 10 and weak centromeric
6sm + 4st, 8 m + 2sm + 10st + 2t and 10 m + 8sm +  heterochromatic blocks and pericentromeric conspicuous
4st, respectively. Karyotypes of all species did not exhib-  marks on pairs Nos. 3 and 4 (Fig. 1j). In the karyotype of L.
ited differentiated sex chromosomes. riveroi, terminal heterochromatic blocks were observed on
In the karyotypes of A. andreae, L. macrosternum,  the q and p arms of pairs Nos. 1-3, 5, 7-9 and 10, as well as
and L. pentadactylus the NORs were located at the  on the short arm of pairs Nos. 4 and 6 (Fig. 1m).
terminal region of the p arms of chromosome pair No. 8.
In the karyotype of L. riveroi the NORs were located on
the proximal region of the q arms of chromosome pair  Discussion
No. 8 (Fig. Ic, e, h, n). Multiple NORs were observed in
the karyotype of L. petersii, located on the interstitial  Since the beginning of the 1970s it has been accepted that
region of the p arms of pair No. 6 and the proximal  species of the family Leptodactylidae and from more derived
region of the p arms of pair No. 10 (Fig. 1k). The sites  families, such as Dendrobatidae, Hylidae and Ranidae, could
of 18 rDNA corresponded to the NOR sites for all of the  have originated from a common ancestor with 2n = 26
species, except for L. petersii, whose pair No. 10  chromosomes (Bogart 1973), with subsequent centric
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fusions reducing their 2n (Becak 1968). A reduction of the 2n
was considered an evolutionary tendency in anurans (Mor-
escalchi 1973), given that a high number of telocentric
chromosomes were found among basal anurans. However,
there is no consensus about the basal 2n for the genus
Leptodactylus.

All species in the group Leptodactylus latrans possess
2n = 22, and this same 2n has also been reported for
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species in the groups L. fuscus and L. pentadactylus. Yet in
the group L. melanonotus, besides the 2n = 22, 2n = 20
and 24 have also been observed (Amaro-Ghilardi et al.
2006; Gazoni et al. 2012). For the genus Adenomera, none
of the species had 2n = 22, but rather 23, 24, or 26 (Bogart
1974, Silva et al. 2000; Amaro-Ghilardi et al. 2004; Silva
et al. 2004; Amaro-Ghilardi et al. 2006; Silva et al. 2006;
Arruda and Morielle-Versute 2008; Campos et al. 2009;
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Campos 2010; Oliveira et al. 2010; Suarez 2010; Zaracho
and Hernando 2011; Gazoni et al. 2012). If we consider
that the group L. latrans exhibits reproduction dependent
on water, and that this is a plesiomorphic characteristic
(Heyer 1969), we can also assume that 2n = 22, simple
NOR phenotype and 18S rDNA sites located on only one
chromosomal pair would be basal pattern for the genus
because all the species from this intra-generic group share
these characteristics (Table 2).

The chromosomal data available for Adenomera suggest
that this is an advanced genus due to variation in the 2n, the
NOR phenotypes, different karyotypes and the presence of
interstitial telomeric sequences (ITS) (Bogart 1974; Cam-
pos et al. 2009; Suarez 2010; Zaracho and Hernando 2011;
Gazoni et al. 2012; present study), corroborating the
derivation (Heyer 1969). ITSs are repetitive sequences,
which can be derived from chromosomal rearrangements
(centric fusion, tandem fusion, or inversion) during verte-
brate karyotype evolution, representing the remaining
sequences in newly formed chromosomes (Wiley et al.
1992). Alternatively, ITSs can also result from the ampli-
fication of telomeric sequences, can be the result of
unequal crossing-over and transposition, sequences intro-
duced by a telomerase error, or be the result of integration
between transposons and telomeric sequences (Meyne et al.
1990; Andrades-Miranda et al. 2002; Mattos et al. 2014).
Within this group, species with elevated 2n and presence of
telocentric chromosomes have been found (Bogart 1974;
Campos et al. 2009; Suarez 2010; Zaracho and Hernando
2011), reinforcing the hypothesis that such chromosomal
groups could have originated from fissions, leading to an
increase in the 2n (Kuramoto and Allison 1989; Miura
et al. 1995; Busin et al. 2001). However, different kary-
otypes were found in individuals from different populations
of the genus Adenomera, such as in A. andreae (present
study), corroborating the existence of a species complex
previously described using vocalization patterns and mor-
phological differences (Angulo et al. 2003; Angulo and
Icochea 2010).

In the L. melanonotus group, NF values and karyotypes
are variable among the species (Bogart 1974; Silva et al.
2000; Amaro-Ghilardi et al. 2006; Campos 2010; Suérez
2010; Gazoni et al. 2012), and the NOR phenotypes in this
group is usually simple and coincident with the 18S ribo-
somal sites (Bogart 1974; Silva et al. 2000; Amaro-Ghi-
lardi et al. 2006; Campos 2010; Suarez 2010; Gazoni et al.
2012). However, L. petersii had multiple sites positive after
Ag nitrate impregnation and sites of 18S rDNA were found
in one pair only. This is most likely caused by the presence
of heterochromatic acid blocks that have affinity for silver
(Sumner 1990).

Moreover, different patterns of constitutive heterochro-
matic distribution were observed for individuals from

different populations in L. petersii. In many cases the
variations in the quantity and distribution of blocks of
constitutive heterochromatin arise due to the regulation
mechanism of gene expression, performing an important
role in adaptation (King 1991). However, the heterochro-
matin is rich in repetitive sequences and thus favors the
accumulation of differences during the evolutionary pro-
cess, due to it being less susceptible to selective pressures
(Bohne et al. 2008; Lopez-Flores and Garrido-Ramos
2012). The cytogenetic analyses performed on Lepto-
dactylidae and Hylodidae species showed that the satellite
DNA sequences are the most abundant components of
heterochromatin, and that the number of repeats of a
specific satellite family can vary even between the gen-
omes of related species or populations (Vittorazzi et al.
2014). However, the localization on the chromosome is
always coincident with regions of centromeric/pericen-
tromeric heterochromatin (Vittorazzi et al. 2014).

Species from the group L. pentadactylus had a con-
served karyotype as to 2n and NF values. Furthermore,
karyotypes of all species have only bi-armed chromo-
somes, simple NOR phenotypes and 18S ribosomal sites.
However, the pattern of the constitutive heterochromatin
distribution can vary according to the species (Bogart
1974, Silva et al. 2000; Amaro-Ghilardi et al. 2004, 2006;
Arruda and Morielle-Versute 2008; Campos 2010; Oliveira
et al. 2010; Suarez 2010; Gazoni et al. 2012; present
study). Intra-specific population differences are present in
the group, as well as different karyotypes for L. knudseni,
L. labyrinthicus, L. pentadactylus, and L. rhodomystax
(Table 2). Part of the variation in the karyotypes can be
related to the quality of the analyzed chromosomal
preparation, to the DNA’s compacting pattern, as well as to
the chromosomal arm sizes, which leads to disagreements
regarding karyotype interpretations. However, recent
studies have shown that the centromere is rich in DNA
repetitive sequences and, because of its repetitive nature, it
can be considered a dynamic chromosomal part, able to re-
locate itself due to epigenetic responses, which would lead
to different karyotypes for the same species (Rocchi et al.
2012). Nevertheless, chromosomal rearrangements cannot
be disregarded because, according to Gazoni et al. (2012),
L. pentadactylus has a complex chromosomal composition
that involves multiple translocations. The absence of the
ITSs in Leptodactylus species does not necessarily indicate
that rearrangements do not occur, because chromosomes
derived from Robertsonian and non-Robertsonian events
may have small telomeric sites that cannot be easily
detected by FISH, or the telomeres could be lost before the
fusion or eroded by molecular processes (Mattos et al.
2014).

The group L. fuscus also has a conserved 2n and NF
equal to 44 for the majority of the species (Bogart 1974;

@ Springer



Genetica (2016) 144:37-46

42

')
JLIBWOLUIILIdY 1T+ 1S0T + WS + w g
Dot ®01b‘()sb 157 4 wsg 4+ w 7]
adord®ms WLd)b 157 + wsp + w 9
PLELTIS  sIUdSqQY 9 (ngb*(xd)yb dLPWONUR)  THYY wsQ[ +wgr T nzexg ‘WV pue LN ‘dV nstapad T
I - - - - 8¢ 19 +389 +wsy + w9 g nzexg ‘ry Sisuappivu 1
I - - - - a4 ISy + wsg + w gl e OJIXJN ‘ZNID) BIDA smjouounjow 7
JLISWO[3) sap10]K100p01da]
11 Juasqy 8 bg JusmonuI) 9¢ Ity +wsg +wgy g Izelg ‘vd 1
1 - - - - 9¢ 18 +1sT+wsg +w 7L nIod ‘oonueny SUDNSIISUS T snjouounjau T
I - - - - 144 T+ wsg + Wyl T zeig ‘Id saipojso 1
(d)gb*(ad)gd*()1d 1S7 + wsy + w g BUNUISIY ‘SOUOISTIA
1y - 8 gb*(1)gd duswonuIDH 144 wsgy + w9 T [1zed DS tuupunp)d 7
z - - gd JLIRWONU)) a4 ws/w g + wsg + w9 gz nzeig ‘ds saiypojou
ws/w § + wWsg + w9
11296 (s1p1qD] Opd'11dOgb' (g 1d susuofa) wsel Aot Trzeid “ds pre LN
T=) 1 - ()pdgy gb‘(ad)1/b JLIDWONUD) 4 189 + WSy + W | ¢ BIQUOJOD) ‘BIIRWIBUIPUND) snurovsur
IST + wsg + w ]
17 + ws/w § 4+ wsg + w 9
1161 - - (1)gbsd JLIRWONU)) a4 159 + wsg + w O] ¢ rIquIo[0) ‘ejonbe) nizerg ‘vd snaovisw
1T+ sy + wsg +w g pUNULSIY ‘upwmon], pue Anfnf ‘Sory
I11 = = (ad)g JLIWONUI)) w 17 4+ 18y + wsg + w o] red anuy ‘SAIUILLIO) ‘BqOpI0) ‘SaIly souang snspuyv] T
IST + wsy + w 9]
wsQ[ + w1
1dbgaddgady wsg] + w9 [1zexg ‘ds pue DS
[1:6 T = S (ngb*d JLIRWONU) 1% 187 + wsQ] + w O T BUNUASIY ‘SOUOISSIJAl PUB SOIUALLIOD) ‘BqOPIO)) s110048 ]
wsgy + w o
08 Lydmgd
17 + ws/w § 4 wsg 4 w g
[ennsIauL
pue dLIOWO[) ST + Ws9 + W |
1101°6:L°T'1 - 8 (gd dLAWONU) 144 ws/w g + wWsg + w9 g [1ze1g ‘SY pue dS ‘0D ‘Sq snosnf ]
1S7 + wWsg + W 4|
116 - - (mgbi(ngd (D¢ 1d osuowonua) 1274 IS7 + ws/w § + wsg + w9 77 BUNUISIY ‘SAUOISIA [1Zeld ‘dS sniunf 7
11d°eb (ed)g*L v
11 - - (ngb JLIWONU)) 24 wsg + W [ 7T BUNUASIY ‘9 BIUBS PUB SQUOISIIA auala T
b M- M1 ST+ sy 4w ot eunuasty
1141 - 8 (ngb JLIRWONUR) a4 ISy + WSy + W ] gg  ‘0IASH [9Pp OFeNURS puB SIIUILLIOY) ‘BGOPIO) smuofng 7
! - - - - 144 T+ wsg +wyp T 001y ouang ‘Spueln Oy oleg Suqoqp ] snosnf T
VNQ!
SQOUAIJOY S1I S81 SYON Dpueg AN 3 ug Aneoo soroadg  snuoag/dnoin

pouiouapy pue sdnoid ououag3-enur o3 SUIPIOddR sMA1ovpoida] sAtoads ) 10 S[qR[IBAR BIEP ONQUAS0IAD) T dqBL

pringer

A's



43

Genetica (2016) 144:37-46

1Y 4 WSZ 4 W 97

116 uasqy - (ng‘ed [ENNSIANUI PUB JLISWO[I) OLIWONUID) 147 IS¢+ wsyjm g+ wsg + w9 77 [izeig ‘vd pue QO xpydqs
1 - - - - i 474 1ST + wsg + W | T nd ,Oozcwsm snjouopoyd |
€Il - € ()¢b (1)8d‘1b ouewonuay 144 IS+ wsg + WISy + wsg + w7l 7L ['zelg ‘vd pue LN xpisdwopoy.t
ord ‘gb ‘myd
Ws'eeh 15p + wsg + w g 1zeIg WY
PLCTSTTE]  xJUdsSqQVY ] (3)gd  [ENNSIAU] PUEB OLIDWO[Q) DLIDWOIIUI)) Wy (dnp) wsQ] + w g ISg + wWs9 + W ] g pue JS pue JJA NIod ‘oonueny  smjd1ovpopuad 1
I - - (0)gd - a4 9 +wsp Wl T nzelg ‘vd sisuavund T
Mg 1d MI1'8°9''d MOT°L'Y'H' 1D BUNUAsIY
11 - z (ned JLIDWONUR)) i ISy + wsy + W] 7T ‘eJ[ES PUB BSOWLIOY ‘0dBYD) sdaoyv] T
1T + wsg + w |
Iy + wsg 4 w Q]
ISy + wsy + W BUNUASIY ‘SQUOISIA
EITT0ILIST - 8 (@R (0d)“(ngh dLewofe) duRWONUS) 4 wSQT -+ W g[ Ws/w g + wsg + w9 Tg nzelq ‘ds pue Id ‘0D smonynidqo] T
g wesqy - 8d ‘(d)*(ad)<(v) suewIoR L, a4 T + wsg + w ] WSQ[ + Wl T Izexg ‘vd pue LIN mospmy " sm&ovpouad T
&b adred IS + Wsg + w | [1zexg ‘OL Pue dS
LdLy'eb(d)gd opamolaL, ws/w g + 35T + wsg + w g “SY 1 “4d '1d “Ad “LNCSIN
(smjj200 "1=) ‘M1b6*8°Lyd (D01°6°9° ¢d‘(1d)pb wspy + w g ws ‘DN ‘09 ‘V{ eunuasry
TT:01°6°L:S€TT udsqy S (1)gd JLIdWONUd)) [a% Ju g 4 wsg + W 9 ISy + Wsg + w g red ‘eqopio) Aensnipn ‘oes suvo] T
(9P€°T'D) reunuIdy,
(8°L) dLRWONUIDLIDG
(DOT°8b*(NT1°9°¢*pd oLoWORL, 1S9 + wsg + w g wniLi1s0.vU
PLLIS s JUdsqy 8 ()gd dLPWONU) Wt 1T + wsQ[ 4+ w Q] wsg + Wl 7T nzeag ‘INV pue OL'Vd 1
[ize1g
(D8b(M11°6°Lp ¢d oupwofa], ‘LJA PUB SN PunuasIy
CI T uasqy 8 (ngdigied JLIWONUAD) (4 IS+ wsg +wgl 7T ‘SOIUALLIOD) puB 0d2BYD) sisuanboyd 7
(1ouSvm =) | - - - - a4 ST+ wsy + w9 7T BIQUIO[OD) ‘BOIRWIBUIPUND) snupaoq 1 sunap)
®»9‘vb
MOT6'S°LSETT
PI xJUISqY 8 (xd)gb b pue d suwonua) T ISp + wsg + WOl 7T nzexg ‘W 1040411 T
S - - (1)gd - 8P wsgl + Wl o g SEINPUOH ‘OYd[enD) u[eg snquiupajis g
IS - 8 (1)gd OLIDWO[J) JLIWONUID) (a% 187 + WSy + w ] wsQ[ + wgl 7T [zeiq ‘Ol pue Id ‘vd smppgsnd ]
(snurdioipod
€1 Juasag v (1d)pb ouRWonu) or Ispwspw g1 0g Iizerg ‘LN ‘o) ds 7
18 + 157 + Wsg 4+ w g
18 +Isp +wsg +w g
18 + 1S + ws/w ¢ + wsy + w9 eUNUAZIY
17+ yw g + wsg + w9 ‘SQUOISI[A] PUB SQJUILLIOD)
CIT16°T T Jussald 8 (ngb‘(ngd OLIBWONUR)  TH9EYE F+Isp+wsy +wg g [1zexg ‘dS pue LN ‘DN smudiopod -7
VNA!
SQOUAIRJAY SILI S8T SYON D pueg AN 3 ug Aneoo soroadg  snuagydnoin

ponunuod g Jqel,

pringer

A



Genetica (2016) 144:37-46

References
1;14

11;12

1:8

Absent*
Present

ITS

18S
rDNA
8
6,8(pr)
6

NORs
p8(t)
7.8(pr)
7(pr)
6(pr)
6.8(pr)
11(t)

Centromeric pericentromeric

Centromeric
Centromeric
Centromeric
Centromeric
Centromeric
7(pe)

Band C

NF
40,34
34
34
34
34,48
36

2 m + 8sm + 4st + 12t

2 m + 2sm + 4st + 18t

2 m + 4sm + 2st 4+ 18t
2 m + 6sm + 18t

2 m + 4sm + 2st + 18t
2 m + 6sm + 18t

4 m + 2sm + 4st + 14t
4 m + 4sm + 2st + 14t

4 m + 6sm + 14t 24 m

4 m 4+ 6sm + 2st + 8t
1 m(up) + 2t(up)

2n
26
26
24
24
23

Paso de la Prata, Argentina
AP and RO, Brazil Hudnuco,

Peru

Huénuco, Peru, AM, Brazil
SP, Brazil

Chaco, Corrientes, Formosa,

Locality
SP, Brazil
SP, Brazil

A. andreae

A. diptyx

A. hylaedactyla

A. marmorata

A. cf. marmorata

A. sp. (aff.
bokermanni)

Species
Coelho (2013); 'Bogart (1974); *Silva et al. (2000); *Amaro-Ghilardi et al. (2004); *Silva et al. (2004); >Amaro-Ghilardi et al. (2006); ®Silva et al. (2006); ’Arruda and Morielle-

Versute (2008); ®Campos et al. (2009); °Campos (2010); '°Oliveira et al. (2010); 'Sudrez (2010); '*Zaracho and Hernando (2011); '*Gazoni et al. (2012); *Present study

In order to calculate the fundamental number, two arms were considered: metacentric (m), submetacentric (sm) and subtelocentric (st). One single arm: the telocentric chromosomes (t). Short
arm (p). Long arm (q). Terminal (t). Interstitial (i). Proximal (pr). Pericentromeric (pe). Unpaired (up). Amazonas (AM). Amapa (AP). Bahia (BA). Espirito Santo (ES). Goiania (GO). Minas

Gerais (MG). Mato Grosso do Sul (MS). Mato Grosso (MT). Para (PA). Pernambuco (PE). Piaui (PI). Parana (PR). Rondonia (RO). Rio Grande do Sul (RS). Santa Catarina (SC). Sdo Paulo

Collecting locations, diploid number (2n), karyotypes (K), fundamental number (NF), Band C, nucleolus organizer region (NORs), interstitial telomeric sites (ITS), and references are indicated.
(SP). Tocantins (TO). — related to data that were not indicated in the original publication. The data of the present study are indicated in boldface

Table 2 continued

Group/genus

Adenomera
Absent*

Silva et al. 2000, 2004; Campos 2010; Suarez 2010).
Centromeric heterochromatic blocks are found in all spe-
cies. However, the presence/absence of distal and inter-
stitial blocks can served as diagnostic character for species
identification (Bogart 1974; Silva et al. 2000, 2004;
Amaro-Ghilardi et al. 2006; Arruda and Morielle-Versute
2008; Campos 2010; Oliveira et al. 2010; Suarez 2010).

Due the persisting disagreements about the phylogenetic
relationships between the leptodactylid genera, discussion
about the precise evolutionary patterns among them with-
out examining all available set of markers (or data-sets) is
still controversial. The identification of basal and advanced
lineages using cytogenetic data, i.e. 2n and NF values and
other chromosomal characteristics within intra-generic
groups thus can significantly contribute to this hotly
debated topic (Frost et al. 2006; Grant et al. 2006; Ponssa
2008; Pyron and Wiens 2011). Recent studies have shown
that inclusion of molecular markers, natural history, and
reproductive traits have a strong impact on the topology of
phylogenetic trees (Frost et al. 2006; Grant et al. 2006;
Ponssa 2008; Pyron and Wiens 2011; de Sa et al. 2014).
Therefore, the future inclusion of these cytogenetic pat-
terns in phylogenetic studies has potential for generating
novel and interesting results.

Acknowledgments We thank Anne Baldisseri for the English
review; Alexandre Almeida and Karla da Silva for granting use of
facilities at the INPA and UFAM Zoological Collection; the Her-
petology group from the SISBIOTA project for collection and iden-
tification of some specimens. Financial support was provided by
Fundacdo de Amparo a Pesquisa do Estado do Amazonas (FAPEAM)
and Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico
(CNPq) (CNPq # 573976/2008-2, 558318/2009-6, 563348/2010-0;
FAPEAM # 062.00383/2013; FAPEAM # 20/2013; FAPEAM/CNPq
062.02317/2011). The current study was supported by graduate fel-
lowships from Coordenagdo de Aperfeicoamento de Pessoal de Nivel
Superior (CAPES) to ACC and TLM and a Research Productivity
grant from CNPq to MM and FAPEAM to MCG.

Compliance with ethical standards

Conflict of interest The authors declare that there is no conflict of
interest.

References

Amaro-Ghilardi RC, Rodrigues MT, Yonenaga-Yassuda Y (2004)
Chromosomal studies after differential staining and fluorescence
in situ hybridization using telomeric probe in three Leptodacty-
lus species (Leptodactylidae, Anura). Caryologia 57:53-65

Amaro-Ghilardi RC, Skuk G, de Sa RO, Rodrigues MT, Yonenaga-
Yassuda Y (2006) Karyotypes of eight species of Leptodactylus
(Anura, Leptodactylidae) with a description of a new karyotype
for the genus. Phyllomedusa 5:119-133

Andrades-Miranda J, Zanchin NIT, Oliveira LFB, Langguth AR,
Mattevi MS (2002) (TTAGGG) n telomeric sequence hybridiza-
tion indicating centric fusion rearrangements in karyotype of the
rodent Oryzomys subflavus. Genetica 144:11-16



Genetica (2016) 144:37-46

45

Angulo A, Icochea J (2010) Cryptic species complexes, widespread
species and conservation: lessons from Amazonian frogs of the
Leptodactylus marmoratus group (Anura: Leptodactylidae). Syst
Biodivers 8:357-370

Angulo A, Cocroft RB, Reichle S (2003) Species identity in the genus
Adenomera (Anura: Leptodactylidae) in southeastern Peru.
Herpetologica 59:490-504

Arruda MP, Morielle-Versute E (2008) Cytogenetic and random
amplified polymorphic DNA analysis of Leptodactylus species
from rural and urban environments (Anura, Amphibia). Genet
Mol Res 7:161-176

Baldissera FA Jr, Oliveira PSL, Kasahara S (1993) Cytogenetics of
four Brazilian Hyla species (Amphibia-Anura) and description of
a case with a supernumerary chromosome. Rev Bras Genet
16:335-345

Begcak ML (1968) Chromosomal analysis of eighteen species of
Anura. Caryologia 21:191-208

Bogart JP (1973) Evolution of anuran karyotypes. In: Vial JL (ed)
Evolutionary biology of the anurans: contemporary research on
major problems. University of Missouri Press, Columbia,
pp 337-349

Bogart JP (1974) A karyosystematic study of frogs in the genus
Leptodactylus (Anura: Leptodactylidae). Copeia 3:728-737

Bohne A, Brunet F, Galiana-Arnoux D, Schulthesis C, Volff JN
(2008) Transposable elements as drivers of genomic and
biological diversity in vertebrates. Chromosome Res 16:203-215

Busin CS, Vinciprova G, Recco-Pimentel SM (2001) Chromosomal
rearrangements as the source of variation in the number of
chromosomes in Pseudis (Amphibia, Anura). Genetica
110:131-141

Campos JRC (2010) Constituigdo cariotipica em leptodactilideos do
género Leptodactylus e em espécies de familias relacionadas a
Leptodactylidae (Amphibia: Anura). Thesis, Universidade
Estadual Paulista “Jdlio de Mesquita Filho”

Campos JRC, Ananias F, Brasileiro CA, Yamamoto M, Haddad CFB,
Kasahara S (2009) Chromosome evolution in three Brazilian
Leptodactylus species (Anura, Leptodactylidae), with phyloge-
netic considerations. Hereditas 146:104-111

Coelho AC (2013) Citogenética comparativa de seis espécies de
anuros do género Leptodactylus (Leptodactylidae) coletadas no
estado do Amazonas, Brasil. Dissertation, Instituto Nacional de
Pesquisas da Amazonia

Cole CJ, Leavens CR (1971) Chromosome preparations of amphib-
ians and reptiles: improved technique. Herpetol Rev 3:102

De Lucca E, Jim J (1974) Os cromossomos de alguns Leptodactylidae
(Amphibia, Anura). Rev Bras Biol 34:407-410

de Sa RO, Grant T, Camargo A, Heyer WR, Ponssa ML, Stanley E
(2014) Systematics of the Neotropical genus Leptodactylus
Fitzinger, 1826 (Anura: Leptodactylidae): phylogeny, the rele-
vance of non-molecular evidence, and species accounts. S Am J
Herpetol 9:S1-S128

Denaro L (1972) Karyotypes of Leptodactylidae anurans. J Herpetol
6:71-74

Ford C, Hamerton J (1956) A colchicine hypothonic citrate squash
sequence for mammalian chromosomes. Stain Technol
31:247-251

Frost DR (2015) Amphibian species of the world: an online reference.
Version 6.0. American Museum of Natural History, New York.
http://research.amnh.org/vz/herpetology/amphibia/index.html.
Accessed 24 April 2015

Frost DR, Grant T, Faivovich J, Bain RH, Haas A, Haddad CFB, de
Sa RO, Channing A, Wilkinson M, Donnellan SC et al (2006)
The amphibian tree of life. Bull Am Mus Nat Hist 297:1-370

Gazoni T, Gruber SL, Silva APZ, Araijo OGS, Narimatsu H,
Striissmann C, Haddad CFB, Kasahara S (2012) Cytogenetic
analyses of eight species in the genus Leptodactylus Fitzinger,

1843 (Amphibia, Anura, Leptodactylidae), including a new
diploid number and a karyotype with multiple translocations.
BMC Genet 13:109

Grant T, Frost DR, Caldwell JP, Gagliardo R, Haddad CFB, Kok PJR,
Means DB, Noonan BP, Schargel WE, Wheeler WC (2006)
Phylogenetic systematic of dart-poison frogs and their relatives
(Amphibia: Athesphatanura: Dendrobatidae). Bull Am Mus Nat
Hist 269:1-262

Green DM, Sessions SK (1991) Nomenclature for chromosomes. In:
Green DM, Sessions SK (eds) Amphibian cytogenetics and
evolution. Academic Press, New York, pp 431432

Green DM, Sessions SK (2007) Karyology and cytogenetics. In:
Heatwole H, Tyler M (eds) Amphibian biology, vol 7. Surrey
Beatty and Sons, Chipping Norton, pp 2756-2841

Gross MC, Schneider CH, Valente GT, Martins C, Feldberg E (2010)
Variability of 18S rDNA locus among Symphysodon fishes:
chromosomal rearrangements. J Fish Biol 76:1117-1127

Haddad CFB, Prado CPA (2005) Reproductive modes in frogs and
their unexpected diversity in the Atlantic forest of Brazil.
Bioscience 55:207-217

Heyer WR (1969) The adaptive ecology of the species groups of the
frog genus Leptodactylus (Amphibia, Leptodactylidae). Evolu-
tion 23:421-428

Heyer WR (1974) Relationships of the marmoratus species group
(Amphibia, Leptodactylidae) within the subfamily Leptodactyli-
nae. Nat Hist Mus Los Angeles Co Contr Sci 256:1-46

Howell WM, Black DA (1980) Controlled silver-staining of nucleolus
organizer regions with a protective colloidal developer: a 1-step
method. Experientia 36:1014-1015

King M (1991) The evolution of heterochromatin in the Amphibian
genome. In: Green DM, Session SK (eds) Amphibian cytoge-
netics and evolution. Academic Press, San Diego, pp 359-391

Kuramoto M, Allison A (1989) Karyotypes of michrohylid frogs of
Papua New Guinea and their systematic implication. Herpeto-
logica 45:250-259

Lima AP, Magnusson WE, Menin M, Erdtmann LK, Rodrigues DJ,
Keller C, Hodl W (2012) Guia de Sapos da Reserva Adolpho
Ducke, Amazoénia Central = Guide to the Frogs to Reserva
Adolpho Ducke, Central Amazonia, 2nd edn. Instituto Nacional
de Pesquisas da Amazonia, Manaus

Lopez-Flores 1, Garrido-Ramos MA (2012) The repetitive DNA
content of eukaryotic genomes. In: Garrido-Ramos MA (ed)
Repetitive DNA, vol 7. Karger, Basel, pp 1-28

Mattos TL, Coelho AC, Schneider CH, Telles OC, Menin M, Gross
MC (2014) Karyotypic diversity in seven Amazonian anurans in
the genus Hypsiboas (family Hylidae). BMC Genet 15:43

Meyne J, Baker RJ, Hobart HH, Hsu TC, Ryder OA, Ward OG, Wiley
JE, Wurster-Hill DH, Yates TL, Moyziz RK (1990) Distribution
of non-telomeric sites of the (TTAGGG)n telomeric sequence in
vertebrate chromosomes. Chromosoma 99:3-10

Miura I, Niishioka M, Bordikin LJ, Wu Z (1995) The origin of the
brown frogs with 2n = 24 chromosomes. Experientia 51:79-188

Morescalchi A (1973) Amphibia. In: Chiarelli AB, Capana E (eds)
Cytotaxonomy and vertebrate evolution. Academic Press, New
York, pp 233-348

Oliveira HHP, Souza CCN, Ribeiro CL, da Cruz AD, Bastos RP, Melo e
Silva D (2010) Citogenética comparativa das familias Lepto-
dactylidae e Hylidae do cerrado Goiano. Estudos 37:725-735

Pinkel D, Straume T, Gray JW (1986) Cytogenetic analysis using
quantitative, high-sensitivity, fluorescence hybridization. Proc
Natl Acad Sci USA 83:2934-2938

Ponssa ML (2008) Cladistic analysis and osteological descriptions of
the frog species in the Leptodactylus fuscus species group
(Anura, Leptodactylidae). J Zool Syst Evol Res 46:249-266

Pyron A, Wiens JJ (2011) A large-scale phylogeny of Amphibia
including over 2800 species, and a revised classification of

@ Springer


http://research.amnh.org/vz/herpetology/amphibia/index.html

46

Genetica (2016) 144:37-46

extant frogs, salamanders, and caecilians. Mol Phylogenet Evol
61:543-583

Rocchi M, Archidiacono N, Schempp W, Capozzi O, Stanyon R
(2012) Centromere repositioning in mammals. Heredity
108:59-67

Saiki RK, Gelfand DH, Stoffel S, Scharf SJ, Higuchi R, Horn GT,
Mullis KB, Erlich HA (1988) Primer-directed enzymatic ampli-
fication of DNA with a thermostable DNA polymerase. Science
239:487-491

Sambrook J, Russell DW (2001) Molecular cloning: a laboratory
manual, vol 1. Cold Spring Harbor Press, New York

Silva APZ, Haddad CFB, Kasahara S (2000) Chromosomal studies on
five species of the genus Leptodactylus Fitzinger, 1826 (Am-
phibia, Anura) using differential staining. Cytobios 103:25-38

Silva APZ, Garcia PCA, Martins VG, Bacci M, Kasahara S (2004)
Chromosomal and molecular analyses of Leptodactylus gracilis
gracilis, L. gracilis delattini, and L. plaumanni (Anura, Lepto-
dactylidae): taxonomic implications. Amphib-Reptil 25:185-196

Silva APZ, Haddad CFB, Galassi G, Kasahara S (2006) Multiple
nucleolus organizer regions in Leptodactylus mystacinus (Am-
phibia, Anura) and comments on its systematic position in the L.

@ Springer

fuscus group based on cytogenetic and molecular analyses.
Genetica 127:35-44

Suarez P (2010) Estudos cromossomicos em anuros das familias
Hylidae Rafinesque, 1815 e Leptodactylidae Werner, 1896
(Amphibia: Anura). Thesis, Museu Paraense Emilio Goeldi/
Universidade Federal do Para

Sumner AT (1972) A simple technique for demonstrating centromeric
heterochromatin. Exp Cell Res 74:304-306

Sumner AT (1990) Chromosome banding. Unwin Hyman Ltd.,
London

Vittorazzi SE, Lourengo LB, Recco-Pimentel SM (2014) Long-time
evolution and highly dynamic satellite DNA in leptodactylid and
hylodid frogs. BMC Genet 15:111

Wiley JE, Meyne J, Little MN, Stout JC (1992) Interstitial
hybridization sites of the (TTAGGG),telomeric sequence on
the chromosomes of some North American hylid frogs. Cyto-
genet Cell Genet 51:55-57

Zaracho VH, Hernando AB (2011) The karyotype of Adenomera
diptyx (Boettger 1885) (Anura, Leptodactylidae) from northeast-
ern Argentina. Genet Mol Biol 34:84-87



	Intra-generic and interspecific karyotype patterns of Leptodactylus and Adenomera (Anura, Leptodactylidae) with inclusion of five species from Central Amazonia
	Abstract
	Introduction
	Materials and methods
	Species and collection localities
	Conventional cytogenetics
	Molecular cytogenetics

	Results
	Discussion
	Acknowledgments
	References




