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Abstract. In this study, the karyotype and chromosomal features of darkling beetle Helops glabriventris Reitter, 1885 from
Western Anatolia were analyzed using conventional and differential staining. Diploid chromosome number of H. glabriventris
was determined as 2# = 20 with 9 + Xy meioformula. The parachute formation of sex bivalents was clearly observed in both
prophase I and metaphase I plates. Both conventionally and differentially stained plates showed that relatively small amounts
of heterochromatin are dispersed throughout the whole length of the chromosomes. As a result of silver staining, the existence
of a highly impregnated area associated with a small submetacentric chromosome in prophase I, suggests autosomal location
of NOR. Although presented karyotype of H. glabriventris resemble to those of other members of the tribe Helopini and
follows the common patterns of tenebrionid karyotypes, slight differences in chromosome morphologies, NORs and the
heterochromatin distribution were detected.
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Lluroreneruxa Helops glabriventris Reitter, 1885 (Coleoptera: Tenebrionidae: Helopini)
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Peszrome. TIpoaHaAM3MPOBAHBI KapUOTUII M XPOMOCOMHbIe NPM3HAKM >KyKa-uepHoTeAku Helops glabriventris Reitter,
1885 n3 3amapHO! AHATOAMM C MCIIOAB30BAaHMEM OOBIYHOrO U AMQPEpeHIMaAbHOIO OKpAIMBAHUs. AUIIAOMAHOE YMCAO
xpomocom H. glabriventris 6pia0 onpepeseno Kak 27=20 c Meitodpopmyaoit 9 + Xy,. TToaosoit 6uBaseHT Qopmmpyer
aCCOLMALMIO «ITAPALIIOT», OTYETAMBO HAOAIOAABIIYIOCSA KaK B NMAACTMHKaX mpodasel I, Tak u B maacTunkax meradassi L.
TTAaCTMHKYM KaK IpM OOBIYHOM, TaK U Ipyu AMQepeHLMaAbHOM OKPAIIMBAHUM II0KA3aAM, YTO OTHOCUTEABHO HeboAblIOe
KOAMYECTBO reTepOXPOMATIHA PACCESIHO 10 BCeil AAMHE XPOMOCOM. B pe3yabTaTe oxpaluyBaHus cepebpoM HaAMuMe CUABHO
MMIIPETHUPOBAHHOI 00AACTH, CBA3aHHOI C HEOOADILOI CyOMeTaleHTPIIeCKoil XpoMocoMoit B mpocdase I, mpeamoaaraer
AyTOCOMHYIO AOKaAM3ALMIO SIADBILIKOBBIX OPraHM3aTOpOB. XOTs IPeACTaBAeHHbIT Kapuotun H. glabriventris HanoMuHaet
KapMOTHUIT ADYIMX IIpeAcTaBuTeAeit TpuObl Helopini u cooTBeTcTByeT 00WIMM IaTTepHAM KapMOTUIIOB TeHeOPMOHUA,
Mbl OOHapYXXMAM HeOOABILIME PasAMuMsi B MOPGHOAOrMM XPOMOCOM, SIADBILIKOBBIX OPraHM3aTOPOB M pPacCIpeAeAeHUn
reTepoXpoMaTnHa.

Karouesvte crosa: nuroreneruxa, Tenebrionidae, Helopini, Helops glabriventris, sSIApBILIKOBblE OPraHM3AaTOPBI, TIOAOBBIE
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XpOMOCOMBI, I€T€pOXpOMAaTUH.

Introduction

Helops Fabricius, 1775 is the type genus of the tribe
Helopini. Species named under this genus are distributed
in the Western Palaearctic, the Nearctic and Neotropical
regions [Nabozhenko et al, 2016; Nabozhenko, Keskin,
2017]. However, the current genus concept differs between
regions and do not cover many phylogenetically distant
species. The Palaearctic and West Hemisphere species of
Helops show important differences in several diagnostic
characters including the structure of mentum and male
genitalia [Nabozhenko et al., 2016].

Currently, about 68 species are listed in the genus
Helops s. 1. with seven species occurring in the Western
Palaearctic [Nabozhenko, 2020] and 61 species in the
Nearctic and Neotropical regions [Bousquet et al., 2018].
Although regional faunistic studies and revisions have
resulted in several new placements and combinations
[Nabozhenko et al., 2016; Nabozhenko, Keskin, 2017;
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Nabozhenko, Steiner, 2021], the phylogenetic relationships
within the genus Helops have yet to be described. Therefore,
additional datasets on their genome organization may
provide valuable information to infer on their phylogenies
and establish a valid generic concept that supports
monophyly of Helops species.

The cytogenetic data among Tenebrionidae have
covered only about 1% of the species diversity [Petitpierre
et al., 1991; Juan, Petitpierre, 1991a; Holecov4 et al., 2008;
Blackmon, Demuth, 2015; Gregory, 2022]. In general, most
of the studied species possess the diploid number, 2x = 20,
but the diploid number ranges from 2xn =14 to 2n =38
in Tenebrionidae [Juan, Petitpierre, 1991a; Pons, 2004;
Holecova et al., 2008; Lira-Neto et al., 2012; Blackmon,
Demuth, 2015; Gregory, 2022].

Although cytogenetic data for the genus Helops are
missing, some other members of the tribe Helopini were
studied in this respect [Juan, Petitpierre, 1991a; Palmer,
Petitpierre, 1997; Sendogan, Alpagut-Keskin, 2016; Calisan,
2018; Sendogan et al., 2019].
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Figs 1-2. Male and female mitotic metaphase plates of Helops glabriventris.
1 — AgNOR stained male; 2 — Romanowsky—Giemsa-stained female mitotic metaphase plates. Arrow indicates minute y and asterisks indicate X

chromosomes. Scale bar 5 pm.

Puc. 1-2. MuTotudeckne MetadasHble IIAACTMHKM camiia u camku Helops glabriventris.
1 — oxpaluBaHie HUTPATOM cepebpa, camell; 2 — oKpaumBaHue o PomaHoBckoMy — ['mM3e, camka. CTpeaka MOKa3bIBaeT MEABYAIILIYIO Y, 3BE3AOYUKM —

X-xpomocomy. MacirrabHast AMHerika 5 pm.

Helops glabriventris is distributed mainly in old
coniferous Mediterranean forests in Anatolia, Cyprus and
Greece; adult beetles feed on fruticose epiphytic lichens
(predominantly Parmeliaceae), and larvae inhabit rotten
wood [Nabozhenko et al., 2021]. In this study, with the aim
of providing the first cytogenetic information about the
genus Helops, chromosomal features of H. glabriventris
specimens from Western Anatolia were analyzed using
conventional and differential staining.

Material and methods

Adult specimens of Helops glabriventris glabriventris
were collected during April and May, from Balgova-izmir,
Turkey. Beetles were found on lichen covered trunks of
Calabrian pine (Pinus brutia Tenore, 1815) and Olive trees
(Olea europaea L., 1753) after the sunset. Cytogenetic
analyses were conducted using the gonads of one female
and four male individuals. In order to observe the mitotic
and meiotic chromosomes, microspreading [Chandley et
al,, 1994] and splashing [Murakami, Imai, 1974] methods
were applied with some modifications [Sendogan, Alpagut-
Keskin, 2016].

For conventional staining, the slides were stained with
4% Giemsa. In order to determine the position of NORs
and the heterochromatin distribution patterns, silver

impregnation method [Patkin, Sorokin, 1983] and DAPI
staining were used respectively. The mitotic and meiotic
plates were photographed with Zeiss Axioscope light
microscope using ZEN software. AT-rich chromosomal
regions in DAPI stained plates were photographed in Cell
Culture and Cell Imaging Laboratory of Ege University
Institute of Nuclear Sciences.

The chromosomal measurements were made with
Levan plugin [Sakamoto, Zacaro, 2009] of the Image |
software [Schneider et al., 2012] and the female karyotype
were created.

Results

Cytogenetic analysis conducted with both oogonial
and spermatogonial cells of H. glabriventris, revealed the
diploid number as 27 =20 with Xy sex determination
system (Figs 1-3). In male and female metaphase plates,
most of the autosomal pairs showed metacentric or
submetacentric morphology, except for the subtelocentric
3 pair (Table 1).

While in male metaphase plates a heteromorphic
pair comprising of a minute telocentric y and a small
metacentric X chromosome is apparent (Figs 1-3), no
heteromorphism was observed among female metaphase
plates (Fig. 2). The largest chromosome of the species was
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Fig. 3. Female karyotype of Helops glabriventris. Scale bar 5 pm.

Puc. 3. Kapuorun camku Helops glabriventris. MaciurabHast AuHeiika 5 pm.
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Table 1. Chromosome morphologies and measurements of Helops glabriventris karyotype.
Tabanua 1. Mopdoaorust xpomocom 1 nsmepenust kapuoruna Helops glabriventris.

Grommore | Lengh o c o een
1 4.57 42 14.74 1.40 m
2 3.84 37 12.39 1.67 m
3 3.49 22 11.26 3.52 st
4 3.32 35 10.71 1.85 sm
5 3.27 32 10.55 2.16 sm
6 2.99 46 9.65 1.16 m
7 2.88 42 9.29 1.40 m
8 2.61 31 8.34 2.20 sm
9 2.53 48 8.06 1.07 m
X 1.5 45 4.77 1.22 m

Note. CI — centromere index; RL — relative length; AR — arm ratio; m — metacentric; sm — submetacentric; st — subtelomeric.
Tpumeuanue. Cl — LeHTPOMEPHBIN MHAEKC; RL — OTHOCHTeABHAst AAMHA; AR — COOTHOLIEHNE TIA€Y; M — MEeTALeHTPUYECKMIT; Sm — CyOMeTaLleHTpUYeCKuit;

st — cybTeAOMepHbIit.

the 1% chromosome with 14.74% relative length and the
smallest was y chromosome with 0.78 um (Table 1).

In diplotene/diakinesis nuclei of H. glabriventris,
4-5 rod-shaped (terminal chiasma), 1 ring-shaped (two
terminal chiasmata) and 2-3 cross-shaped (interstitial
chiasma) bivalents were observed (Fig. 4). The parachute
formation of the heteromorphic X and y was apparent in
male prophase I and metaphase I plates (Figs 4, 5, 10).

In conventionally stained prophase I nuclei, while
most of the chromosomes have relatively small amounts
of heterochromatin dispersed throughout the whole
length (Fig. 8), a distinctive heterochromatic block was
observed for only one chromosome. Silver nitrate staining
of the prophase nuclei revealed the existence of a single
impregnated mass of nucleolar material (Figs 6, 7, 9).
Additionally with silver nitrate (Figs 6, 7, 9) and DAPI
staining, small amount of telomeric and interstitial
signals (Fig. 10) were observed on the large arms of most
chromosomes and on the Xy, bivalent as well.

Discussion

Tenebrionid karyotypes appear relatively conserved
due to the predominant occurrence of the diploid number
2n =20 and parachute configuration of sex bivalents in
the studied species [Juan, Petitpierre, 1991a; Palmer,
Petitpierre, 1997; Pons, 2004]. On the other hand, several
karyological variations in diploid number, sex determining
systems, chromosome morphology and distribution of
heterochromatin were also reported for tenebrionid beetles
[Juan, Petitpierre, 1990, 1991a, b; Petitpierre et al., 1991;
Juan et al., 1993; Bruvo-Madarié et al., 2007]. The extent
of karyological variations within the family suggests that
genomic rearrangements such as inversions, Robertsonian
processes or polyploidy are involved in Tenebrionid
karyotype divergence [Juan et al., 1990; Juan, Petitpierre,
1991a; Petitpierre et al., 1991; DeAlmeida et al., 2000; Pons,
2004; Holecovd et al., 2008; Lira-Neto et al., 2012; Goll et
al,, 2013].
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Figs 4-5. Meiotic plates of Helops glabriventris.

4 — diplotene/diakinesis; 5 — metaphase I chromosomes. Arrows indicate Xy, sex bivalent, circles, asterisks and triangle indicate cross-shaped, rod-

shaped and ring-shaped bivalents respectively. Scale bars 5 um.
Puc. 4-5. Meitoruyeckue naactuuku Helops glabriventris.

4 — aumnaoTeHa/aMaKuHes; 5 — xpomocoMbl MeTadasbl I. CTpeAKy yKasbIBalOT Ha IIOAOBbIe OMBAAEHTBI Xy, KpyIt, 3Be3A0UKM M TPEYTOAbHMK — Ha
KpecTooOpasHble, TAAOUYKOBUAHDIE U KOAbLIEOOPasHble OMBAAEHTBI COOTBETCTBEHHO. MacuTabHble AMHENKY 5 pm.



302

C. Ogren, D. Sendogan, N. Alpagut-Keskin

8 9

Figs 6-9. Heterochromatin distribution in Helops glabriventris.

6, 7,9 — heterochromatin distribution in prophase I nuclei, AgNOR staining; 8 — the same, Romanowsky—Giemsa staining. Arrows indicate distinctive

heterochromatic blocks. Scale bar 5 pm.
Puc. 6-9. Pacripepesenne rerepoxpomarvita y Helops glabriventris.

6,7,9 — pacrpeaeAeHye reTepoXpoMaTiHa B siapax rpodasbl I, okpaiuyBaxne HUTpaToM cepebpa; 8 — To e, oKpaluBaHe o PomaHoBckomy — [mmase.
CrpeAKy yKasbIBalOT Ha XapaKTepHble rerepoxpomarnieckue 640k, MacurrabHasi AvHerKa 5 pm.

Our cytogenetic analysis showed that the karyotype of
Helops glabriventris, consisting of ten pairs of chromosomes
(2n=20, 9+ Xyp), generally resembles that of other tenebrionids.
The resemblance in chromosome number is also persistent in
the parachute configuration of the sex bivalents. This formula
(n =10, Xy ) was reported for some Helopini genera such as
Nesotes Allard, 1876 [Juan, Petitpierre, 1986, 1989, 1991a],
Nalassus Mulsant, 1854 and Turkonalassus Keskin, Nabozhenko
et Alpagut Keskin, 2017 [Sendogan, Alpagut-Keskin, 2016],
Accanthopus Dejean, 1821 [Sendogan et al., 2019].

Despite this general resemblance, Helops glabriventris
karyotype consisting of four metacentric, four

submetacentric and one subtelocentric autosomal pairs
differs from other tenebrionid karyotypes that reported
to have mostly metacentric chromosomes [Guenin,
1951a, b, ¢; Smith, 1952; Juan, Petitpierre, 1988, 1989, 1990;
Juan et al., 1989]. These types of differences in chromosome
morphologies are also noted for several species from
different subfamilies of Tenebrionidae (e.g. Laena reitteri
Weise, 1877, 2n =18 [Holecovda et al.,, 2008], Palembus
dermestoides Chevrolat, 1878, 21 =20 [DeAlmeida et al.,
2000], Accanthopus velikensis (Piller et Mitterpacher, 1783),
2n =20 [Sendogan et al., 2019]). In addition, the relatively
small metacentric X chromosome of Helops glabriventris
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Fig. 10. DAPI staining of metaphase I (MI) and prophase I (PI) nuclei of Helops glabriventris. Arrow with circle shows Xy, sex bivalents and simple
arrows indicate AT rich heterochromatic regions. Scale bar 5 pm.

Puc. 10. DAPI-okpammmBanue sipep metadassr I (MI) u mpodasst I (PI) Helips glabriventris. CTpeaka ¢ Kpy>KKOM ITOKa3bIBaeT MOAOBbIE OMBAAEHTBI Xy,
MPOCTbIe CTPEAKM yKasbIBaloT Ha Gorarpie AT rerepoxpomariHoBbie obaacTy. MacwtabHast AuHeitka 5 pm.

(5.88% RL) is clearly different compared to other Helopini
species. Previous studies have shown that the relative length
of X chromosome tend to be around 5-6% in Coleoptera
[Dutrillaux, Dutrillaux, 2009], but in the tribe Helopini
larger submetacentric X (6.55—13.74% RL) was also recorded
[Sendogan, Alpagut-Keskin, 2016; Sendogan et al., 2019].

Previous studies have revealed that beetle
chromosomes can show great variability in both
heterochromatin and NOR distribution [Juan, Petitpierre,
1989, 1990; Pons, 2004; Rozek et al., 2004; Cabral-de-Mello
etal,, 2010; Schneider et al., 2007]. In the majority of studied
tenebrionid species, heterochromatic blocks are mainly
observed in pericentromeric regions of chromosomes,
but interstitial and telomeric blocks were also reported
[Juan, Petitpierre, 1989; Juan et al., 1990; DeAlmeida et
al., 2000; Moura et al., 2003; Pons, 2004; Goll et al., 2013].
The presence of small amount of interstitial and telomeric
signals on H. glabriventris chromosomes was demonstrated
with both conventionally and differentially stained
prophase I nuclei (Figs 6-10). As a result of silver staining,
the existence of a highly impregnated area associated with
a small submetacentric chromosome in prophase I suggests
autosomal location of NOR (Fig. 7). Although, cytogenetic
data concerning the location of NORs are only available
for a small number of tenebrionid species, both autosomal
and sex chromosomal location of nucleolar material was
demonstrated within Coleopteran families [Juan et al,
1993; Vitturi et al., 1999; Colomba et al., 2000; Bione et al.,
2005; Pons, 20045 Rozek et al., 2004; Schneider et al., 2007;
Holecovi et al., 2008; Karagyan et al., 2012; Goll et al., 2013;
Calisan, 2018; Sendogan, Alpagut-Keskin, 2016; Sendogan
et al,, 2019]. A similar distinctive heterochromatic block in
Romanowsky—Giemsa (Fig. 8), AgNOR (Fig. 9) and DAPI
(Fig. 10) stained plates indicate that this single NOR site is
associated with AT rich heterochromatin.

In this work, diploid number, chromosome
morphology and sex determination system are revealed
for the first time for the genus Helops. For further studies,
comparative molecular cytogenetic and phylogenetic
analysis will enhance our understanding in both Helops and
tenebrionid karyotype evolution.
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