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Karyotype analysis of Phauloppia lucorum (Koch, 1841) (Oribatida:
Oribatulidae)

Phauloppia lucorum (Koch, 1841)’'un karyotip analizi (Oribatida: Oribatulidae)
Nisa GUMUS' Sedat PER* Halil Erhan EROGLU?

Abstract

Currently, about 11,000 oribatid mites have been described, but chromosome numbers have been reported for
only a few species. Furthermore, the oribatid mites are a valuable model for holocentric chromosomes in cytogenetic
studies. The diploid chromosome number is generally 2n = 18 in oribatid mites, though some have 2n = 16 or 30.
Although there are many studies on the morphology and systematics of Phauloppia lucorum (Koch, 1841) (Oribatida:
Oribatulidae), there is no information about its karyotype or chromosome numbers. The aim of this study is to
investigate the chromosome number, monoploid ideogram and detailed chromosomal measurements of P. lucorum.
The diploid chromosome number of P. lucorum was found to be 2n = 12. The total haploid chromosome length and
the average chromosome length were 7.39 ym and 1.23 pm respectively. The chromosome lengths varied from 0.91
to 1.67 pm. In conclusion, these results are the first for the chromosome numbers and karyotype analysis for P.
lucorum.
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Ginimuzde, 11,000 oribatid akar tirG tanimlanmistir fakat cok az sayida tirtin kromozom sayisi bildiriimistir.
Ayrica oribatid akarlar sitogenetik galismalarda holosentrik kromozomlar igin degerli bir modeldir. Genellikle oribatid
akarlarda diploid kromozom sayisi 2n = 16, 30 gibi bazi istisnalar diginda 2n = 18 seklindedir. Phauloppia lucorum
(Koch, 1841) (Oribatida: Oribatulidae) Uzerine ¢ok sayida morfolojik ve sistematik ¢alismalar bulunmasina ragmen
karyotip ve kromozom sayisI hakkinda bilgi yoktur. Bu ¢alismanin amaci P. lucorum’un kromozom sayisi, monoploid
ideogram ve detayli kromozom Olgimlerini arastirmaktir. P. lucorum’un diploid kromozom sayisi 2n = 12 olarak
bulundu. Toplam haploid kromozom uzunlugu ve ortalama kromozom uzunlugu sirasiyla 7.39 ym, 1.23 pm’dir.

Kromozom uzunlugu 0.91-1.67 pm araliginda degismektedir. Sonug¢ olarak, P. lucorum’un kromozom sayisi ve
karyotip analizi ilk kez bildirilmistir.
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Introduction

Oribatid mites are the dominant microarthropod group in forest soil-litter habitats. They play an
important role in the decomposition of the soil organic matter. Oribatid mites are compose of 11,036
described species and subspecies found throughout the world (Subias, 2004, updated 2018; Gulvik, 2007;
Ayyildiz & Toluk, 2016).

The species, Phauloppia lucorum (Koch, 1841) (Oribatida: Oribatulidae), is distributed in the
Holarctic Region (and frequently in the Western Palearctic) and in Nepal (Subias, 2004, updated 2017).
The diagnostic characteristics of this species are: integument color yellowish brown, length of body 690
(680-710) pum, width 480 (460-510) um (n = 6), rostrum rounded, rostral setae setiform, lamella reduced
as a weak line, costula thin, sensillus short and head claviform, pteromorpha not developed, notogaster
with four pairs of porose areas and 14 pairs of setae, epimeral setal formula 3-1-3-3, four pairs of genital
setae, two pairs of anal setae, all legs tridactylous (Figure 1).

Although many oribatid mites have been described, chromosome numbers have been reported for
only a few species. Furthermore, the oribatid mites are a valuable model with holocentric chromosomes in
cytogenetic studies, although not the only model, as about 800 species have been reported to have
holocentric chromosomes including plants, nematodes, arachnids and insects (Melters et al., 2012). In
general, the diploid chromosome number in oribatid mites is 2n = 18 (Oliver, 1977; Norton et al., 1993)
with some exceptions having 2n = 16 or 30 (Heethoff et al., 2006; Eroglu & Per, 2016). Although there are
many studies on morphologicy and systematics of P. lucorum, there is no information about the karyotype
or chromosome numbers in the literature. The aim of this study was to investigate the chromosome
number, monoploid ideogram and detailed chromosomal measurements of P. lucorum.

Material and Methods
Material

The specimens were collected from Turkey: Sakarya, Kiligkaya Hill, 40°28.214"' N, 30°25.027' E,
551 m, in soil under Pinus sp., 22.IV.2015, 2 exs (mounted on aluminum stubs and gold-coated for scanning
electron microscopy); 40°30.257' N, 30°28.830"' E, 1302 m, in soil, 19.V1.2015, 3 exs; 40°30.204' N,
30°27.484' E, 1170 m, in soil, 19.VI.2015, 1 ex.; 40°29.200' N, 30°25.860' E, 896 m, in soil under Pinus sp.,
21.V1.2015, 1 ex.; 40°29.388' N, 30°23.028' E, 463 m, in lichen on Pinus sp., 01.X1.2015, 1 ex,;
40°28.809' N, 30°23.872' E, 721 m, in lichen on Pinus sp., 06.X1.2015, 1 ex.; 40°29.207' N, 30°23.763' E,
660 m, in soil under Pinus sp., 06.X1.2015, 2 exs; 40°28.940' N, 30°23.523' E, 606 m, in lichen on Pinus sp.,
06.X1.2015, 1 ex.; 40°28.900' N, 30°23.510" E, 598 m, in lichen on Pinus sp., 06.X1.2015, 1 ex. All
materials were collected by Sedat Per (Figure 2).

Cytogenetic procedure

The cytogenetic procedure was conducted using the method developed by Imai et al. (1988) with
substantial modifications by Gokhman & Quicke (1995). The procedure used on 10 specimens for which
sex was not determined: (i) the hypotonic sodium citrate solution (1%) with colchicine (0.005%) for
pretreatment and crushing; (ii) the fresh hypotonic solution for incubation; (iii) the fixative series for
fixation, fixative 1 (glacial acetic acid-ethanol-distilled water, 3-3-4), fixative 2 (glacial acetic acid-ethanol
1-1), fixative 3 (glacial acetic acid); (iv) Giemsa staining.

At least 10 mitotic plates were assessed to determine the number of diploid chromosomes. A
qualified photomicrograph was taken using a DP72 digital camera mounted on an Olympus BX-53 light
microscope. The holocentric chromosomes were measured in micrometers using KaryoType software
(Altinordu et al., 2016). The ideogram was drawn based on total chromosome lengths in order from
largest to smallest.
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Figure 1. Phauloppia lucorum: A) dorsal view, and B) ventral view.

Figure 2. Collection locations of Phauloppia lucorum on the Kiligkaya hill (Sakarya Province, Turkey).
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Results

The diploid chromosome number of P. lucorum was determined to be 2n = 12 and the mitotic
metaphase chromosomes are shown in Figure 3. The chromosome lengths and monoploid ideogram are
given in Table 1 and Figure 4, respectively. The karyotype consists of holocentric chromosomes. The
karyotype formula could not be determined due to the holocentric chromosomes.

The total haploid chromosome length and the average chromosome length were 7.39 and
1.23£0.27. The chromosome lengths varied from 0.91 to 1.67. The satellite was not observed in the
chromosomal observations.

Figure 3. Photomicrograph of mitotic metaphase chromosomes in Phauloppia lucorum.

Table 1. The total chromosome lengths of Phauloppia lucorum

Chromosome Pair 1 2 3 4 5 6

Length (um) 1.67 1.40 1.24 1.14 1.03 0.91
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Figure 4. The monoploid ideogram of Phauloppia lucorum.

Discussion

Chromosomal parameters are important contributors to the understanding of evolutionary
relationships, when used in conjunction with morphological or molecular techniques. Some important
chromosomal parameters are basic chromosome number, diploid chromosome number (2n), karyotype
formula, total haploid length and karyotype asymmetry. The S/Al formula is used to calculate karyotype
asymmetry in highly organized animals (Eroglu, 2015). The karyotype formula and the karyotype
asymmetry could not be determined due to the holocentric chromosomes in P. lucorum. They are
parameters specific to monocentric chromosomes. Although the diploid chromosome number of P.
lucorum is 2n = 12, this not common in the oribatid mites, it is close to the general karyotype reports of
the order as Archegozetes longisetosus Aoki, 1965, Galumna sp. It is reported that the common
chromosome number is 2n = 18 in oribatid mites (Norton et al., 1993; Heethoff et al., 2006). As a broader
example, mites and ticks have two to 36 chromosomes (Oliver, 1977). Eroglu & Per (2016) found that the
chromosome number of one oribatid mite, Zygoribatula cognata (Oudemans, 1902), is 2n = 30.

The chromosomes of P. Jucorum are small holocentric chromosomes. The holocentric
chromosomes do not show a localized centromere, which is the thin waist-like structure seen in
eukaryotic chromosomes. Although monocentric chromosomes are much more common, the holocentric
chromosomes have the broad phylogenetic distribution. Melters et al. (2012) reported that the holocentric
chromosomes evolved at least nine different times in animals and four different times in plants. The
holocentric chromosomes are small-sized chromosomes ranging from 0.5 to 2.0 ym (Wrensch et al,,
1994). Phauloppia Ilucorum has small holocentric chromosomes (range 0.91-1.67). Many other
arthropods, such as Lepidoptera, Hemiptera and Odonata, also have holocentric chromosomes (White,
1973; Heethoff et al., 2006). Holocentric chromosomes can provide some advantages. For example,
sensitivity to radiation infertility is lower in butterflies compared to other insect groups. The main reason
for this durability is that butterflies have holocentric chromosomes (North, 1967). After radiation, each
fragment that separates from the holocentric chromosomes acts as a separate chromosome and will not
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be lost in the anaphase (Lachange, 1967). Another advantage is that very different meiotic adaptations
are needed for organisms to adopt holocentric chromosomes. Some of these adaptations are restriction
of kinetochore activity, inverted meiosis and asymmetric meiosis (Melters et al., 2012).

The sex chromosomes could not be determined in P. lucorum. In generally, the oribatid mites have
weak sexual dimorphism in size; and strong dimorphism is rare (Behan-Pelletier, 2015). The sexual
dimorphism is a physical difference between two sexes of the same species other than in the sexual
organs. There are three reproduction models in the Acari; thelytoky, haplodiploidy and diplodiploidy. It has
been reported that the diplodiploidy is the ancestoral reproduction model in mites (Norton et al., 1993;
Wrensch et al., 1994). Generally, in diplodiploidy, the young mites (male and female) are produced from
fertilized eggs and the sex ratio is almost equal (1:1). However, the order Oribatida is characterized by a
similar karyotype with the absence of sex chromosomes (Heethoff et al., 2006). Unlike sexual oribatid
mites, the male proportion is very low (males rare) in parthenogenetic species and the rare males are
generally sterile. Some factors may affect the proportion of rare male in parthenogenetic species.
Environmental conditions are one of the most important of these factors and may induce the production of
males (Chang et al., 2017).

This study reports for the first time the chromosome numbers and karyotype of P. lucorum. As
there are many species for which chromosome data is unknown among oribatid mites, more
chromosomal data are needed to support to the cytotaxonomy of oribatid mites.

Acknowledgments

The authors would like to thank Mrs. Kiibra Cubukgu and Mr. Arif Cubukgu for their contributions
and assistance during the collection of samples in the field.

References

Altinordu, F., L. Peruzzi, Y. Yu & X. J. He, 2016. A tool for the analysis of chromosomes: KaryoType. Taxon, 65: 586-
592.

Ayyildiz, N. & A. Toluk, 2016. Contributions to the Turkish oribatid mite fauna (Acari: Oribatida). Turkish Journal of
Entomology, 40 (1): 73-85.

Behan-Pelletier, V. M., 2015. Sexual dimorphism in Autogneta, with description of three new species from North
America and new diagnosis of the genus (Acari, Oribatida, Autognetidae). Zootaxa, 3946 (1): 55-78.

Chang, M. S., A. Asem & S. C. Sun, 2017. The incidence of rare males in seven parthenogenetic Artemia (Crustacea:
Anostraca) populations. Turkish Journal of Zoology, 41: 138-143.

Eroglu, H. E., 2015. Which chromosomes are subtelocentric or acrocentric? A new karyotype symmetry/asymmetry
index. Caryologia, 68 (3): 239-245.

Eroglu, H. E. & S. Per, 2016. Karyotype analysis of Zygoribatula cognata (Oudemans) (Acari: Oribatida:
Oribatulidae). Turkish Journal of Entomology, 40 (1): 33-38.

Gokhman, V. E. & D. L. J. Quicke, 1995. The last twenty years of parasitic Hymenoptera karyology: An update and
phylogenetic implications. Journal of Hymenoptera Research, 4: 41-63.

Gulvik, M. E., 2007. Mites (Acari) as indicators of soil biodiversity and land use monitoring: a review. Polish Journal of
Ecology, 55: 415-440.

Heethoff, M., P. Bergmann & R. A. Norton, 2006. Karyology and sex determination of oribatid mites. Acarologia, 46
(1-2): 127-131.

Imai, H., R. W. Taylor, M. V. Crosland & R. Crozier, 1988. Modes of spontaneous chromosomal mutation and
karyotype evolution in ants with reference to the minimum interaction hypothesis. The Japanese Journal of
Genetics, 63 (2): 159-185.

Lachange, L. E., 1967. “The Induction Dominant Lethal Mutation in Insects by lonizing Radiation and Chemicals-as
Related to the Steril-Male Technique of Insect Control, 617-650”. In: Genetic of Insect Vectors of Diseases
(Eds. J. W. Wright & R. Pal). Elsevier, Amsterdam, Netherlands, 794 pp.

82



Gimus et al., Tark. entomol. derg., 2018, 42 (2)

Melters, D. P., L. V. Paliulis, I. F. Korf & S. W. Chan, 2012. Holocentric chromosomes: Convergent evolution, meiotic
adaptations, and genomic analysis. Chromosome Research, 20 (5): 579-593.

North, D. T., 1967. Radiation-Induced male sterility exhibited in the P1 and F1 generations in Lepidoptera. Radiation
Research, 31: 615.

Norton, R. A., J. B. Kethley, D. E. Johnston & B. M. O'Connor, 1993. “Phylogenetic Perspectives on Genetic Systems
and Reproductive Odes of Mites, 8-99”. In: Evolution and Diversity of Sex Ratio in Insects and Mites (Eds. D.
Wrensch & M. A. Ebbert). Chapman & Hall, New York, USA, 634 pp.

Oliver, J. H., 1977. Cytogenetics of mites and ticks. Annual Review of Entomology, 22: 407-429.

Subias, L. S., 2004. Listado sistematico, sinonimico y biogeografico de los acaros oribatidos (Acariformes: Oribatida)
del Mundo (Excepte fosiles). Graellsia 60: 3-305 (actualizado en junio de 2006, en abril de 2007, en mayo de
2008, en abril de 2009, en julio de 2010, en febrero de 2011, en abril de 2012, en mayo de 2013 y en febrero
de 2014, en marzo de 2015, en febrero de 2016 y en febrero de 2017 y en enero de 2018).

White, M. J. D., 1973. Animal Cytology and Evolution. Cambridge University Press, London, UK, 468 pp.

Wrensch, D. L., J. B. Kethley & R. A. Norton, 1994. “Cytogenetics of Holokinetic Chromosomes and Inverted Meiosis:
Keys to the Evolutionary Success of Mites, with Generalization on Eukaryotes, 282-343”. In: Mites: Ecological
and Evolutionary Analyses of Life-History Patterns (Ed. M. A. Houck). Chapman & Hall, New York, USA, 357 pp.

83



