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Abstract

Coleoptera is a mega-diverse order, but only about 1% of its
species have been analyzed cytogenetically. In this order,
the subfamily Alticinae presents many identification prob-
lems, mainly due to the occurrence of mimicry. The objective
of this work was to cytogenetically characterize 3 very similar
species of the genus Alagoasa (A. pantina, A. areata, and A.
scissa). We used classical and molecular cytogenetic as well
as molecular genetic techniques. All 3 species showed a dip-
loid chromosome number of 2n = 22 (20+X+y), but differ-
ences in the morphology of the chromosomes. All had a mei-
otic formula of 2n = 10ll+X+y and an X+y sex determination
system with giant, fully asynaptic sex chromosomes, concor-
dant characteristics observed in the subtribe Oedionychina.
FISH demonstrated the presence of 185 and 55 rDNA clusters
in 1 pair of autosomes, syntenic and colocalizing in the 3 an-
alyzed species. However, in A. areata, heteromorphism be-
tween the cistrons was observed. The telomeric (TTAGG),
probe showed signals in all 3 species, with proximal signals
in the X and dispersed signals in the y chromosome of A.

areata, and 2 proximal signals in the X chromosome of A.
scissa. Molecular analysis of the COl gene indicated that they
are 3 distinct species, corroborating the observed cytoge-
netic characteristics. ©2020 5. Karger AG, Basel

The Alticinae subfamily comprises about 8,000 de-
scribed species [Nadein, 2013] and presents several spe-
cies identification problems. In addition to this matter,
the occurrence of mimicry has been reported in this group
[Begosi and Benson, 1988].

Only 240 species of the Alticinae subfamily have been
analyzed cytogenetically [Petitpierre et al., 1988; Virkki
and Santiago-Blay, 1996; Almeida et al., 2006, 2009; Pe-
titpierre, 2006; Goll et al., 2018]. The diploid chromo-
some number in these species ranges from 2n = 8 in
Homoschema nigriventre to 2n = 64 in Disonycha bicari-
nata, and varied systems of sex determination are found
[Virkki and Purcell, 1965; Smith and Virkki, 1978; Vidal,
1984; Petitpierre et al., 1988; Virkki, 1988; Petitpierre,
1989; Segarra and Petitpierre, 1989; Virkki et al., 1991;
Virkki and Santiago-Blay, 1998]. However, the ancestral
chromosome number considered for Alticinae is 2n = 24
and a Xy, sex determination system [Virkki, 1970].
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The Oedionychina subtribe of Oedionychini in the Al-
ticinae subfamily showes increased sex chromosome siz-
es in relation to autosomes, with an asynaptic behavior.
Besides the fully separated sex chromosomes, a chromo-
some number of 2n =22 (10I1+X+y) has been maintained
in the majority of species [Virkki, 1970, 1988; Petitpierre,
1988; Virkki et al., 1991]. The genus Alagoasa Bechyné
1955 belongs to Oedionychina. Up to now, in which 34
species of this genus have been cytogenetically analyzed,
most of them presenting 2n = 22. These all have a sex de-
termination system of the X+y type, with giant sex chro-
mosomes [Virkki, 1961, 1970, 1985, 1988; Smith and
Virkki, 1978; Petitpierre et al., 1988; Virkki et al., 1991;
Virkki and Santiago-Blay, 1993]. Variations in the diploid
number in this genus were observed due to the presence
of supernumerary chromosomes or due to centromeric
fusion. Alagoasa oblecta shows 2n = 22 + 15B, A. trans-
parente 2n = 22 + 2B, A. arcifera 2n = 16, A. equestris
2n =12 + 1B, and A. parana 2n = 16 [Smith and Virkki,
1978; Petitpierre et al., 1988; Virkki, 1988; Virkki and
Santiago-Blay, 1993].

Regarding the 45S multigene family, Schneider et al.
[2007] proposed that 1 pair of autosomes carrying this
marker could represent the ancestral and/or a more stable
condition in Coleoptera. In Alticinae, using FISH, Almei-
daetal. [2010] and Goll et al. [2018] found the cluster as-
sociated with 1 pair of autosomes in Omophoita octogut-
tata, O. personata, O. abbreviata, and O. aequinoctialis
(cytotype 1), with 2 pairs in O. magniguttis, and with 3
pairs in O. aequinoctialis (cytotypes 2 and 3). Thus, Al-
meida et al. [2010] proposed that 18S rDNA may be an
important marker in this group in order to demonstrate
karyotypic differences.

The location of 55 rDNA in chromosomes is variable
in Coleoptera; it may be present in one or several pairs of
autosomes. In Alticinae, Goll et al. [2018] demonstrated
that in O. abbreviata and O. aequinoctialis (cytotype 1),
the 5S cistrons are located in 1 pair of autosomes, while
in O. aequinoctialis (cytotypes 2 and 3), they are associ-
ated with 3 pairs. Moreover, these cistrons usually are co-
located with some genes belonging to another multigenic
family [Cabral-de-Mello et al., 2010, 2011a; Goll et al.,
2015, 2018].

Telomeres are structural components at the ends of
eukaryotic chromosomes that prevent fusions and the
gradual diminution of their termini during successive cy-
cles of semiconservative DNA replication [Blackburn,
1991]. These sequences may contribute to the identifica-
tion of chromosomal rearrangements, indicating regions
of chromosomal fusion [Slijepcevic, 1998]. Most insects
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Fig. 1. Species of the genus Alagoasa analyzed in this work and
their respective karyotypes. A Alagoasa pantina. B Alagoasa area-
ta. C Alagoasa scissa. Horizontal bar, 10 pm; vertical bar, 1 mm.

present (TTAGG), repeats as a telomeric sequence [Fry-
drychova et al., 2004], and in only 2 species of Alticinae
these regions have been mapped [Goll et al., 2018].

In this sense, the aim of this study was to characterize
and differentiate 3 very similar, possibly mimetic, species
of the genus Alagoasa through a comparative analysis us-
ing conventional and molecular cytogenetic techniques
and partial sequencing of the cytochrome C oxidase sub-
unit I gene (COI).

Materials and Methods

Male Alagoasa adults were collected from natural populations
in Ponta Grossa, PR, Brazil (S 25°07'10", W 49°56'24""). We col-
lected 12 individuals of A. pantina Bechyné 1958 (Fig. 1A), 10 of
A. areata Germar 1824 (Fig. 1B), and 10 of A. scissa Germar 1824
(Fig. 1C). Specimens were sent to a specialist, Carlos Campaner
(USP Zoology Museum), for identification. All individuals were
kept in the Genetic and Evolution Laboratory, Universidade Es-
tadual de Ponta Grossa, Brazil.

Mitotic and meiotic chromosomes were obtained by dissection
of the insects according to Almeida et al. [2000], with modifica-
tions of Rosolen et al. [2018]. The slides were stained with 3% Gi-
emsa in phosphate buffer pH 6.8 for 12 min, washed with distilled
water, and air-dried.

The 18S rDNA probes were labeled by PCR with biotin-
16-dUTP using the 18S partial gene cloned in pTZ from O. octogut-
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Fig. 2. Giemsa-stained meiotic chromo- i -
somes from the Alagoasa species analyzed.

A,B A. pantina. A Anaphase I with 10+X+y.

B Anaphase II with 10+y, showing the l
segregating chromatids. C, D A. areata. \
C Metaphase I with 10+X+y. D Anaphase I \
with 10+X. E, F A. scissa. E Metaphase I \
with 10+X+y; F Anaphase I with 10+X and X

10+y. The arrow head in E indicates a sec-

ondary constriction in the y chromosome.

Scale bars, 10 pm.

tata (HM036738.1) according to Almeida et al. [2010]. The 5S
rDNA probes were labeled by PCR with digoxigenin-11-dUTP,
using the 5S gene of O. octoguttata cloned in pTZ (KX858924.1).
The telomeric probe was obtained from a PCR reaction containing
1x Taq Reaction Buffer (200 mMm Tris pH 8.4, 500 mMm KCl), 1.5
mM MgCl,, 0.16 mM dANTP mix, 0.5 uM of each primer (forward
5'(TTAGG)g3" and reverse 5'(CCTAA)¢3’) [Sahara et al., 1999],
and 1U of Taq DNA polymerase, in a final volume of 50 pL, fol-
lowing the program proposed by Ijdo et al. [1991]. The PCR prod-
uct was labeled with digoxigenin-11-dUTP using the DIG-Nick
Translation Mix (Roche Applied Science) according to the manu-
facturer’s recommendations. FISH was performed according to
Pinkel et al. [1986], with minor modifications described by Al-
meida et al. [2010]. Chromosome preparations were analyzed us-
ing the bright field and epifluorescence microscope Olympus
Bx41, equipped with the DP71 digital image capture system
(Olympus). The images were analyzed with Adobe Photoshop CS6
software. The chromosomes were organized into karyotypes ac-
cording to Levan et al. [1964].

Genomic DNA from 3 A. pantina individuals (3860, 3960, and
3972), 3 A. areata individuals (3959, 4010, and 4011), and 2 A.
scissa individuals (3790 and 4003) was extracted by fragmentation
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of the head, pronotum, and posterior pair of legs in liquid nitrogen
following the protocol of Murray and Thompson [1980]. For am-
plification of the COI gene fragment, the primers described by Kim
et al. [2003] were used, and the reactions contained 1x Tag Reac-
tion Buffer, 1.5 mM MgCl,, 0.2 mM dNTP mix, 1.0 puM of each
primer, 2.5 U Taq DNA polymerase, and 40 ng of DNA in a final
volume of 35 pL. PCR was performed in a thermocycler with an ini-
tial denaturation cycle of 4 min at 95°C, followed by 35 cycles of 94°C
for 60s, 53°C for 30 s, and 72°C for 30 s, and a final step of 72°C for
10 min. PCR products were purified using the Illustra GFX PCR
DNA and Gel Band Purification (GE Healthcare) and sequenced by
an ABI-PRISM 3100 Genetic Analyzer automated sequencer.

The sequences were verified and corrected using Geneious
v.7.1.3 [Kearse et al., 2012] and aligned with the outgroups O. oc-
toguttata (AF479430.1), Chrysomela tremula (KM452126.1), and
Timarcha tenebricosa (KC185782.1), using the algorithm Clustal
W, implemented in Geneious. A Bayesian inference tree was con-
structed in MrBayes 3.2.6 [Huelsenbeck and Ronquist, 2001] with
1,000,000 Markov Chain Monte Carlo (MCMC) and burning in
100,000. The genetic distances were calculated using the Kimura-
2-parameter model and 1,000 bootstrap replicates in MEGA v.7.0
[Kumar et al., 2016] for the Alagoasa sequences.
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Fig. 3. Testicular cells submitted to FISH with 18S (green) and 5S (red) rDNA probes. A-C Spermatogonial meta-
phase of Alagoasa pantina. D-F Spermatogonial metaphase of Alagoasa areata. G-1 Metaphase I of Alagoasa
scissa. The merged images of both probes (C, F, 1) demonstrate the synteny and colocalization of 18S and 5S rDNA
in all species. Scale bars, 10 um.

Results

Alagoasa pantina

The spermatogonial metaphases of A. pantina showed
a karyotype of 2n = 22, giant sex chromosomes, and an
X+y sex determination system (Fig. 1A). The autosomes
are metacentric to submetacentric, with 1 acrocentric
pair. The X is metacentric, and the y is submetacentric.
The cells in anaphase I demonstrated 2n = 10II+X+y and
asynapsis of the sex chromosomes (Fig. 2A). The ana-
phase IT evidenced the correct segregation of the sex chro-
mosomes, with the formation of haploid n = 10+X and
n = 10+y cells (Fig. 2B). In Figure 2B, the segregation of
autosomal and y chromosomal chromatids is shown.

FISH with 185 rDNA (Fig. 3A) and 55 rDNA (Fig. 3B)
probes in A. pantina showed that both rDNA clusters are
associated with the same autosomal pair in spermatogo-
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nial metaphases. The merged images demonstrate that
they are syntenic and colocalize (Fig. 3C). The analysis of
meiotic cells submitted to FISH with the telomeric probe
revealed telomeric signals in 5 autosomal pairs (Fig. 4A)
and in the y chromosome (Fig. 4B) in metaphases I, while
the X chromosome and the other 5 autosomal pairs dis-
played no signals (Fig. 4A, C).

Alagoasa areata

The spermatogonial metaphases of A. areata showed a
karyotype of 2n = 22, with giant sex chromosomes and X+y
sex determination system. The autosomes have a meta- and
submetacentric morphology, whereas the sex chromo-
somes are submetacentric (Fig. 1B). The observed meiotic
formula was 2n = 10II+X+y, with asynaptic sex chromo-
somes (Fig. 2C), and metaphases II confirmed the forma-
tion of haploid cells with n = 10+X (Fig. 2D) and n = 10+y).
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Fig. 4. FISH with a telomeric probe on mei-
otic chromosomes of the Alagoasa species.
A-C A. pantina. A Autosomal bivalents in
metaphase I. B, C Sex chromosomes y (B)
and X (C). D-G Alagoasa areata. D Autoso-
mal chromosomes in metaphase IL
E-G Sex chromosomes X and y (E), X (F),
andy (G). H-J A. scissa. H Autosomal biva-
lents in metaphase I. I, J Sex chromosomes
X (1) and y (J). Scale bar, 10 pm.

FISH demonstrated the presence of 1 pair of auto-
somes carrying the 18S rDNA cluster (Fig. 3D) and the 5S
rDNA (Fig. 3E) in spermatogonial metaphase. In addi-
tion, we observed a size heteromorphism of the 18S and
5S cistrons between the chromosomes of the pair. The
merged image indicates the synteny and colocalization of
these clusters (Fig. 3F). After FISH with the telomeric
probe, metaphases II showed signals in all chromosomes
(Fig. 4D, E). The X chromosome displayed signals in the
terminal regions and a proximal interstitial signal (Fig. 4E,
F); the y chromosome also showed terminal hybridiza-
tions as well as scattered signals along the short arm
(Fig. 4E, G).

Alagoasa scissa

The spermatogonial metaphases of A. scissa showed
that this species has a diploid number of 2n = 22 and a sex
determination system of the X+y type, with giant sex
chromosomes. The autosomes are meta- and submeta-
centric, the sex chromosomes are metacentric (Fig. 1C).
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The observed meiotic formula was 2n = 10II+X+y, with
asynaptic sex chromosomes (Fig. 2E). Anaphase I dem-
onstrated correct segregation of the sex chromosomes
and formation of haploid n = 10+X and n = 10+y cells
(Fig. 2F).

Regarding 18S and 5S rDNA probes, in metaphase I,
this species presents 1 pair of autosomes carryinga cluster
of each multigene family (Fig. 3G, H), and the merged
image shows that they are syntenic and colocalize in this
pair (Fig. 3I). FISH with telomeric probes in metaphases
I of A. scissa demonstrated hybridizations in all chromo-
somes (Fig. 4H-J). The X chromosome presents 2 proxi-
mal interstitial signals (Fig. 4I).

Molecular Analyses

The partial COI sequences of the 3 species had ap-
proximately 500 bp and were deposited in GenBank
(MN506227 to MN506234). In the phylogenetic tree, A.
pantina, A. areata, and A. scissa are a sister group of O.
octoguttata, the nearest external group (probability of

Azambuja/Rosolen/Artoni/Santos/
Almeida
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Table 1. Estimates of evolutionary divergence over sequences pairs and among groups in the Alagoasa species

A. pantina A. areata A. scissa
3860 3960 3972 3959 4010 4011 3790 4003
< 3860 - 0.1040 (0.0147) 0.0872 (0.0136)
S 3960 0.0000 -
§ (0.0000)
< 3972 0.0020 0.0020 -
(0.0019) (0.0019)
3959 0.1040 0.1040 0.1063 - 0.0904 (0.0134)
(0.0151) (0.0151) (0.0153)
§ 4010 0.1016 0.1016 0.1040 0.0020 -
g (0.0148) (0.0148) (0.0151) (0.0020)
< 4011 0.1040 0.1040 0.1063 0.0000 0.0020 -
(0.0151) (0.0151) (0.0153) (0.0000) (0.0020)
3790 0.0856 0.0856 0.0833 0.0900 0.0877 0.0900 -
S (0.0132) (0.0132) (0.0130) (0.0139) (0.0137) (0.0139)
< § 4003 0.0903 0.0903 0.0880 0.0923 0.0900 0.0923 0.0040 -
(0.0134) (0.0134) (0.0132) (0.0140) (0.0138) (0.0140) (0.0027)
Intraspecific  0.0013 (0.0013) 0.0013 (0.0013) 0.0040 (0.0027)
distance

The numbers of base substitutions per site from averaging over all sequence pairs among groups are shown. Analyses were
conducted using the Kimura 2-parameter model. The analysis involved 8 nucleotide sequences. Codon positions included were
Ist+2nd+3rd+noncoding. All positions containing gaps and missing data were eliminated. There were a total of 497 positions in
the final dataset. Bold values represent the distance among groups. Standard errors are given in parentheses.

0.99). The 3 species are supported as clades in the analysis
(probability of branches of 0.69). The first clade includes
the individuals belonging to A. pantina and represents a
sister group of the specimens belonging to A. areata.
Samples of A. scissa were grouped in a third clade and are
a sister group of A. pantina and A. areata (Fig. 5). The
pairwise distance among the obtained sequences ranged
from 0 to 0.1063. The intraspecific distance varied from
0.13 to 0.40% in the analyzed species, and the interspe-
cific distance from 8.72 to 10.40% (Table 1).

Discussion

The subfamily Alticinae is an interesting group for cy-
togenetic and evolution studies, since species in this
group share and maintain many cytogenetic characteris-
tics, while others show derivations in chromosome num-
ber and behavior and size of the sex chromosomes in re-
lation to most species of Coleoptera [Almeida et al., 2010].
Another aspect concerns the taxonomy of the species and
the group. Many species including the genera Alagoasa
and Omophoita have been addressed in previous studies,
without analyses or interpretation of the male or female
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Alagoasa pantina (3860)

0.9998

Alagoasa pantina (3960)

Alagoasa pantina (3972)
Alagoasa areata (3959)
0.9616
0.9995 Alagoasa areata (4011)

Alagoasa areata (4010)

0.5423

0.6963

0.9996

Alagoasa scissa (3790
0.9901 g ( )

Alagoasa scissa (4003)

Omophoita octoguttata

Chrysomela tremula

Timarcha tenebricosa

Fig. 5. Tree of phylogenetic relationships constructed with the par-
tial sequence of the COI gene using the Bayesian method (numbers
on the branches are posterior probability).
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genitalia, a main character for the identification of the
species. This lack of information hampers the interpreta-
tion and construction of a phylogenetic relation of the
group. The use of molecular markers and cytogenetics
could clarify these relationships.

According to Begosi and Benson [1988], the very sim-
ilar coloration of several Oedionychina, mainly from the
genera Omophoita and Alagoasa suggests that these may
be mimetic. The species O. octoguttata, Alagoasa ct. pan-
tina, A. scissa, and A. areata have 3 or 4 pairs of large
cream-colored elytral spots bordered by black, a pale or-
ange pronotum, and are sympatric [Begosi and Benson,
1988]. The specimens collected for this work occur in
sympatry with other species of Alagoasa and Omophoita,
including O. octoguttata, reinforcing the case of mimicry
between these species.

The species analyzed here present a diploid chromo-
some number of 22 with giant and asynaptic X+y sex
chromosomes, conserved characteristics in the genera of
the subtribe Oedionychina [Virkki, 1968, 1970, 1988;
Smith and Virkki, 1978; Virkki et al., 1991]. Changes in
the chromosome number in the genus Alagoasa were ob-
served in only 5 species and correspond to the presence
of supernumerary chromosomes or centric fusions
[Smith and Virkki, 1978; Petitpierre et al., 1988; Virkki,
1988; Virkki and Santiago-Blay, 1993].

In many genera of Alticinae, karyotype characteristics
are very similar [Smith and Virkki, 1978; Segarra and Pe-
titpierre, 1985, 1988; Petitpierre et al., 1988; Petitpierre,
2006], which makes it difficult to differentiate between
these by conventional cytogenetic techniques. With the
exception of A. pantina, which presents a pair of acrocen-
tric chromosomes, the morphology of the autosomes is
metacentric or submetacentric in the analyzed species.
However, the morphology of the sex chromosomes dif-
fers between these: in A. pantina, the X is metacentric and
the y submetacentric; in A. areata, X and y are submeta-
centric; and in A. scissa, X and y are metacentric. The oc-
currence of submetacentric chromosomes in the species
is associated with pericentric inversions, common in the
chromosomal evolution of Coleoptera [Virkki, 1984],
and thus explains the alteration of the condition of meta-
centric chromosomes proposed as ancestral for Chryso-
melidae by Petitpierre et al. [1988] and also for the order
Coleoptera in general [Smith and Virkki, 1978]. O. oc-
toguttata, the fourth species in the mimetic complex pro-
posed by Begosi and Benson [1988], differs from the spe-
cies analyzed here by the presence of 10 pairs of acrocen-
tricchromosomes and metacentric X+y sex chromosomes
[Almeida et al., 2006].
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The use of 185 and 5S rDNA probes did not show dif-
ferences among the species; all of them presented a cluster
associated with 1 autosomal pair for each multigene fam-
ily. In other species, these markers showed differences
[Almeida et al., 2010; Goll et al., 2018]. However, A. area-
ta presented heteromorphism in the cistron size between
the homologous chromosomes of the pair. Mechanisms
such as unequal crossing-over, transpositions or other re-
arrangements, including deletions and/or duplications,
involve segments of homologous chromosomes and of-
ten attribute to structural modifications of nucleolus or-
ganizer regions (NOR) [Galetti et al., 1995].

The presence of a single pair of autosomes carrying
18S and 5S rDNA, observed in the analyzed species, is
considered an ancestral condition for Coleoptera [Schnei-
der et al., 2007; Cabral-de-Mello et al., 2010, 2011a]. But
the dispersion of these genes is not uncommon in Altici-
nae, as observed in the genus Omophoita, and indicates
derivations of the karyotypes [Almeida et al., 2010; Goll
et al., 2018]. This work is the first report localizing 18S
and 5S rDNA and telomeric probes in the genus Alagoa-
sa. However, in contrast to Omophoita, which is consid-
ered to be the sister group of Alagoasa, the analyzed spe-
cies did not present variations in the number of rDNA
sites. Cytogenetic studies in Alagoasa species are restrict-
ed to the description of the diploid number, morphology
of chromosomes, and meiotic formulae.

The species analyzed presented synteny and colocal-
ization of the 18S and 5S genes. Such synteny and colo-
calization have already been described in Scarabaeidae
[Cabral-de-Mello et al., 2011b; Oliveira et al., 2012], Te-
nebrionidae [Goll et al., 2015], and Chrysomelidae [Goll
etal., 2018]. The reason for this association is not clear yet
[Goll et al., 2018] but may play a role in regulating the
expression of multigene families and, especially, in the
rapid organization of the nucleolus.

Telomeric hybridization signals were observed in all 3
species, indicating the occurrence of (TTAGG), sequenc-
es in the genus Alagoasa, as observed in Omophoita [Goll
et al., 2018]. A. pantina showed telomeric signals in only
5 autosomal pairs and in the y chromosome. FISH with
telomeric probes was repeated 3 times in A. pantina, in-
cluding different specimens and probes, and in all exper-
iments, the same results were obtained. The absence of
telomeric signals on the other chromosomes must rather
be related to technical problems of the procedure than to
the lack of the telomeric sequences, or its replacement by
others. The most likely possibility is that the telomeric
sites are small and thus were not detected by this tech-
nique.
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A. areata and A. scissa demonstrated telomeric signals
in all chromosomes, but differed by the occurrence of in-
trachromosomal telomeric sequences (ITSs) in the sex
chromosomes. In the first species, signals were scattered
along the short arm of the y chromosome and the X dis-
played a proximal signal. In the second species, 2 proxi-
mal interstitial signals were present in the X chromo-
some. The ITSs observed may represent remnants of past
chromosomal fusion events. Smith and Virkki [1978]
considered the diploid number of 2n = 24 as ancestral for
Chrysomelidae. Thus, the reduction in the diploid num-
ber to 22 is probably due to a fusion event between an
autosome and the X chromosome. A. pantina must have
lost this ITS, as well as the species of the genus Omophoi-
ta analyzed by Goll et al. [2018]. However, the analysis of
more species of the subfamily Alticinae is necessary to
corroborate this hypothesis.

On the other hand, the telomeric sequences scattered
along the short arm of the y chromosome of A. areata,
the second signal on the X chromosome of A. scissa, as
well as the marks mentioned above, may have originated
by the insertion of telomeric sequences during the repair
mechanism of DNA double-strand breaks associated
with fragile DNA sites, as proposed by Ruiz-Herrera et
al. [2005, 2008]. The repetitive fractions of DNA can of-
ten act as hotspots for the occurrence of these breaks,
promoting chromosomal rearrangements [Kidwell and
Lisch, 2000, 2001; Kidwell, 2002]. According to Mello et
al. [2014] and Rosolen et al. [2018], in Omophoita, alarge
proportion of the sex chromosomes is composed of re-
petitive DNAs and/or transposable elements. Addition-
ally, the loss of homology between the sex chromosomes
could be due to differentiation processes caused by trans-
posable elements. Rosolen et al. [2018] showed the oc-
currence of transposons on sex chromosomes and in-
ferred that they contributed to their length increase and
differentiation. Alternatively, the invasion of these trans-
posable elements could be responsible for transferring
sequences of the telomeres to the interior of chromo-
somes.

Sequence analysis of the COI gene can help in the ini-
tial identification of species [Hebert et al., 2003]. Despite
the low number of sequences analyzed in this work, the
phylogenetic relationship demonstrates separation of
these in the 3 species, since the individuals belonging to
each species were grouped in different clades. The same
topology of the Bayesian inference tree was observed us-
ing the Maximum Likelihood (bootstrap = 85%), Maxi-
mum Parsimony (bootstrap = 79%), and Neighbor Join-
ing (bootstrap = 79%) methods (data not shown). In ad-
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dition, the observed values of interspecific divergence are
10x greater than those found in intraspecific divergence,
which, according to Hebert et al. [2004] would separate
the species under study. A threshold of 3% divergence
between groups was initially proposed for separation of
insect species by Hebert et al. [2003]. This value was suc-
cessfully used to discriminate species of well-known bee-
tle fauna [Raupach etal., 2010; Astrin et al., 2012] and was
also confirmed by Papadopoulou et al. [2013]. Thormann
etal. [2016] tested different molecular methods to explore
the leaf beetle fauna from Ecuador, including Alticinae,
and they showed that the threshold value of 3% identified
a greater number of species, or molecular operational tax-
onomic units (MOTUs), than the previously identified
morphospecies. For Alticinae, Thormann et al. [2016]
identified 37 morphospecies, but molecular analysis re-
vealed 47 MOTUs. Our results demonstrate values >3%
for the distance between the analyzed species: A. pantina
and A. areata presented 10.4% of distance; A. pantina and
A. scissa presented 8.7%; and A. areata and A. scissa
showed a distance of 9%.

Numerous taxonomy problems in the subfamily Al-
ticinae and a limited number of taxonomists make an
identification and classification of species in this group
difficult. Therefore, cytogenetics and molecular biology
can help in these processes. Although there are no differ-
ences in the diploid number in the species analyzed in this
work, as well as in the number of rDNA sites, there are
differences in the morphology of autosomes and sex
chromosomes, in the presence of ITSs in the sex chromo-
somes, and in the analysis of the fragment of the COI
gene. These data indicate the occurrence of 3 different
species and, adding to the data of Almeida et al. [2006],
the 4 species considered mimetic by Begosi and Benson
[1988] can be differentiated.
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