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Abstract

Purpose: This study aims to present the first molecular data on the mitochondrial 16S rRNA gene region for the genus
Metaphalangium and the species Metaphalangium cirtanum (C.L. Koch, 1839), for which no molecular data previously
existed, and to elucidate the phylogenetic relationships of the genus using these data.

Method: 16S rRNA gene region of the species M. cirtanum, collected from Cyprus, was amplified using the PCR
method; the resulting DNA sequences were analyzed to calculate genetic distances between species, and phylogenetic
trees were constructed using the Maximum Likelihood (ML) and Bayesian Inference (BI) methods.

Findings: As a result of the analyses, a 457 bp sequence from the 16S rRNA gene region of this species was obtained.
In the Maximum Likelihood analysis conducted using the obtained sequences, high bootstrap support values were
obtained, while high posterior probability values were obtained in the Bayesian inference analysis. Since the
phylogenetic trees derived from both methods exhibited similar topological structures, the results were combined and
presented on a single tree.

Conclusion: In this study, molecular data for the species M. cirtanum were obtained for the first time. In the future,
conducting studies that utilize additional gene regions and encompass a broader taxonomic sample will contribute to a
clearer understanding of the phylogenetic relationships and systematic position of the genus Metaphalangium.
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k

. Metaphalangium Roewer, 1911 cinsinin ilk molekiiler verileri ve filogenetik iliskileri

Ozet

Amac: Bu caligma, daha 6nce molekiiler verisi bulunmayan Metaphalangium cinsi ve Metaphalangium cirtanum (C.L.
Koch, 1839) tiiri i¢in mitokondriyal 16S rRNA gen bdlgesine ait ilk molekiiler verileri sunmay:1 ve bu veriler
yardimiyla cinsin filogenetik iliskilerini ortaya koymay1 amaglamaktadir.

Metod: Kibris’tan toplanan M. cirtanum tiirtine ait mitokondriyal 16S rRNA gen bdlgesi PZR yontemi ile ¢ogaltilmis,
elde edilen DNA dizileri analiz edilerek tiirler arasindaki genetik mesafeler hesaplanmis ve Maksimum olasilik (ML) ile
Bayesian ¢ikarim (BI) yontemleri kullanilarak filogenetik agaglar olusturulmustur.

Bulgular: Analizler sonucunda, bu tiiriin 16S rRNA gen bdlgesine ait 457 bp uzunlugunda bir dizi elde edilmistir. Elde
edilen diziler yardimiyla gergeklestirilen Maximum Likelihood analizinde yiiksek bootstrap destek degerleri, Bayes
¢ikarim analizinde ise yiiksek posterior olasilik degerleri elde edilmistir. Her iki yonteme ait filogenetik agaclarin
benzer topolojik yap1 gostermesinden dolay1 sonuglar tek bir agag iizerinde birlestirilerek sunulmustur.

Sonug¢: Bu calisma ile M. cirtanum tiriine ait molekiiler veriler ilk kez elde edilmistir. Gelecekte, daha fazla gen
bolgesinin  kullanildigi ve daha genis bir taksonomik Orneklemi kapsayan c¢aligmalarin gergeklestirilmesi,
Metaphalangium cinsinin filogenetik iliskilerinin ve sistematik konumunun daha net bir sekilde ortaya konulmasina
katki saglayacaktir.

Anahtar kelimeler: Kibris, otbicen, Metaphalangium cirtanum, 16S rRNA
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1. Introduction

The genus Metaphalangium is classified within the family Phalangiidae Latreille, 1802 and the subfamily
Phalangiinae Latreille, 1802, and was established by Roewer in 1911. This genus comprises a total of 12 species; 11 of
which are currently living species, and one is a fossil species. These species are listed below:, Metaphalangium
abruptum (Roewer, 1923), M. albounilineatum (Lucas, 1846), M. bispinifrons (Roewer, 1911), M. cirtanum (Koch,
1839), M. corsicum (Roewer, 1956), M. lusitanicum (Roewer, 1956), (1) M. martensi Mitov, Perkovsky & Dunlop,
2021, M. monticola (Mkheidze, 1952), M. punctatum (Roewer, 1956), M. strandi (Nosek, 1905), M. sudanum Roewer,
1961, M. tuberculatum (Lucas, 1846) [1, 2].

Metaphalangium cirtanum (Koch, 1839) is a species of harvestman that belongs to the genus Metaphalangium.
The species was first described by Koch in 1839 [3] under the genus Opilio, and subsequently included in the genus
Phalangium by Lucas in 1846 [4]. Subsequent to this, Rower (1911) [5] classified it within the genus Metaphalangium.
This species is widely distributed throughout the Mediterranean region [6] and is characterized by reddish-brown
pigmentation along the dorsal side of the body and a prominent white band extending from the eye mount to the tip of
the abdomen. Additionally, there is a dark brown, triangular, saddle-shaped marking on the dorsal surface [7] (Figure

1.

Figure 1. Metaphalangium cirtanum, male: a. dorsal view of the body; b. lateral view of pedipalp; c. lateral view of
chelicerae; d. dorsal view of penis; e. lateral view of penis.

First molecular data and phylogenetic relationships of the genus Metaphalangium Roewer, 1911
Pinar KURT



Biological Diversity and Conservation — 19/ 3 (2026) 205

The mitochondrial 16S rRNA gene region, frequently targeted in various taxonomic groups such as
amphibians, gastropods, and hydrozoans, is approximately 1,500 base pairs in length and is widely employed in
molecular taxonomy and phylogenetic studies. Although obtaining the full sequence of this gene theoretically yields
more robust taxonomic results, partial sequences of the 16S rRNA are often preferred in many studies due to technical
limitations, DNA quality, primer compatibility, and the overall scope of the research [8, 9]. In harvestmen (Opiliones),
partial sequences of the 16S rRNA gene region ranging from 310 to 505 base pairs are typically utilized [10, 11].

This study aims to generate 16S rRNA gene sequences for the genus Metaphalangium and the species M.
cirtanum, for which molecular data were previously unavailable, was sequenced to determine phylogenetic relationships
at the genus and species levels.

2. Materials and methods
2.1. Material examined

Sample were collected by hand and with forceps from Cyprus in 2018 and stored in 70% ethyl alcohol in
GUAL (Arachnological Laboratory, Vocational School of Health Services, Glimiishane University, Giimiishane,
Tiirkiye). The photographs were taken using an Olympus LC20 camera attached to an Olympus SZ61 stereomicroscope.

2.2. Molecular analysis

The sample were washed with distilled water, dried, and then body and legs were crushed. DNA was extracted
using the GeneAll Exgene Tissue Kit protocol (Korea). The 16S rRNA gene was amplified by PCR using primers 16Sa
5'-CGCCTGTTTATCAAAAACAT-3'[12] and 16Sb 5'-CTCCGGTTTGAACTCAGATCA-3'[13].

The PCR was conducted in a volume of 26 ul encompassing 4 pl DNA template, 12.5 pl master mix (2x), 1 pl
of all primers and 7.5 pl of sterile distilled water. The amplification conditions comprised an initial denaturation step at
95°C for 5 min., followed by 40 cycles of denaturation at 95°C for 30 s, annealing at 53°C for 30 s, extension at 72°C
for 45 s. An additional extension step was carried out at 72 °C for five min. The denaturation of the PCR products was
executed at 95 °C for for 5 min and subsequently evaluated by electrophoresis on a 1% agarose gel and the DNA was
extracted in pure form using a gel extraction kit (GeneAll Gel SV).

2.3. Phylogenetic analysis

Raw forward and reverse reads obtained from sequencing were assembled using BioEdit [14], and low-quality
and ambiguous regions were trimmed and manually edited. The obtained sequences were analysed using BLAST in the
NCBI database, and the closest related taxa were identified. GenBank accession numbers for these taxa and the

outgroup taxa included in the phylogenetic analyses are listed in Table 1.

Table 1. GenBank accession numbers and references of analyzed samples

Taxon name GenBank accession | Reference

numbers
Metaphalangium cirtanum - In this study
Rhampsinitus sp. GQ912839.1 [15]
Phalangium opilio MK685320.1 Muneret, L. 2019 (Direct Submission)
Phalangium opilio MK685319.1 Muneret, L. 2019 (Direct Submission)
Rilaena triangularis KM598088.1 [16]
Rilaena anatolica MN209265.1 Kurt & Yildirim Dogan, 2019 (Direct Submission)
Phalangium opilio MN209235.1 Kurt & Yildirim Dogan, 2019(Direct Submission)
Phalangium punctipes MN217230.1 Kurt & Yildirim Dogan, 2019 (Direct Submission)
Kovalius logunovi (outgroup) PV704244.1 [10]

The generated dataset was aligned using the CLUSTAL W algorithm [17] implemented in MEGA 12 software
version [18]. Maximum Likelihood (ML) analysis was performed using MEGA 12. The most appropriate nucleotide
substitution model for phylogenetic analyses was determined using the model testing module within MEGA 12, and the
model with the lowest Akaike Information Criterion (AIC) value was selected [19]. The phylogenetic tree was
constructed using the Maximum Likelihood method based on the selected model. To determine the statistical support
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values of the nodes, 1,000 bootstrap repetitions were performed. The obtained bootstrap values were expressed as
percentages (%) and displayed on the phylogenetic tree.

The Bayesian phylogenetic analyses were conducted using MrBayes 3.2.7 [20] using the CIPRES Science
Gateway server [21]. The sequence with accession number PV704244.1(Kovalius logunovi) was selected as the
outgroup to root the phylogenetic tree. The GTR+I+G model (nst = 6, rates = invgamma) was applied as the nucleotide
substitution model. Markov Chain Monte Carlo (MCMC) analyses were performed with two independent runs (nruns =
2), each consisting of four chains (nchains = 4), for 10,000,000 generations. Trees and parameters were sampled every
1,000 generations, and convergence diagnostics were assessed every 5,000 generations. The first 25% of the sampled
trees were discarded as burn-in. The final tree was illustrated using the FigTree v. 1.4.4 software package [22].

3. Results

In this study, sequences from the 16S rRNA gene region were used to determine the phylogenetic relationships
of the Metaphalangium genus. A total of 457 base pairs bp of data from this gene region were obtained. The nucleotide
composition of these gene sequences was determined as follows: Adenine (A): (%36.2), Thymine (T): (%37.1),
Guanine (G): (%18), and Cytosine (C): (%8.7). The total A+T ratio was (% 73.3), which was significantly higher than
the G+C ratio (Table 2).

Table 2. Nucleotide frequencies and A+T contents in the 16S rRNA sequences of taxa in this study

Taxon name T(U) C A G A+T
Metaphalangium cirtanum 37.1 8.7 36.2 18 73.3
Rhampsinitus sp. 36.1 8.3 394 16.1 75.5
Phalangium opilio 37.6 9.6 35.6 17.2 73.2
Phalangium opilio 37.6 9.9 353 17.2 72.9
Rilaena triangularis 36.5 10.4 35.7 17.4 72.2
Rilaena anatolica 36.7 10.3 34.6 18.5 71.3
Phalangium opilio 36.4 9.1 36.1 18.5 72.5
Phalangium punctipes 36.1 9.1 36.4 18.5 72.5
Avg. 36.7 9.4 36.2 17.7 72.9

Genetic distance values help to determine evolutionary relationships in phylogenetic trees and are used to
distinguish between interspecific and intraspecific relationships. Similar species have low genetic distances, while high
genetic distances between distantly related species indicate significant genetic differences. High genetic distances aid
the identification of supra-species taxa, such as families or genera [23, 10]. The uncorrected p-distances for the
examples in this study are presented in Table 3. Based on uncorrected p-distances calculated from the 16S rRNA gene,
interspecific genetic distances ranged from 0.0% to 16%. The smallest genetic distance (10%) was determined between
Metaphalangium cirtanum and Rhampsinitus sp. (Table 3).

Table 3. Pairwise uncorrected genetic distances (p-distances) based on 16S rRNA gene sequences

Taxon name 1 2 3 4 5 6 7
Metaphalangium cirtanum

Rhampsinitus sp. 0.10

Phalangium opilio 0.12 0.11

Phalangium opilio 0.12 0.11 0.00

Rilaena triangularis 0.13 0.15 0.13 0.13

Rilaena anatolica 0.13 0.15 0.13 0.13 0.07

Phalangium opilio 0.13 0.12 0.07 0.07 0.16 0.15
Phalangium punctipes 0.13 0.13 0.09 0.09 0.15 0.15 0.04

In terms of morphological characteristics, the genus Metaphalangium Roewer, 1911 is closely related to the
genera Bunochelis Roewer, 1923; Graecophalangium Roewer, 1923; and Phalangium Linnaeus, 1758. It also shows a
certain degree of relationship with the genera Dacnopilio Roewer, 1911; Cristina Loman, 1902; Dasylobus Simon,
1879; Zachaeus C. L. Koch, 1839; Rilaena Silhavy, 1965; Taurolaena Snegovaya & Stargga, 2009 [1]. When the high
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probability (PP) values obtained from Bayesian inference, the high bootstrap support (BS) values obtained from
maximum likelihood analysis, and the genetic distances between species are evaluated together, it is seen that molecular
data and morphological data support each other (Figure 2).

MK685320.1 Phalangium opilio
100/1.0

MK685319.1 Phalangium opilio
93/0.85 Genus

r— MN209235.1 Phalangium opilio
98/1.0

MN217230.1 Phalangium punctipes

Phalangium

KM598088.1 Rilaena triangularis
100/1.0

b MIN209265.1 Rilaena anatolica

110 Genus Rilaena

Metaphalangium cirtanum Genus
- Metaphalangium

Genus

GQ912839.1 Rhampsinitus sp.

Rhampsinitus

PV704244.1 Kovalius logunovi ontgroup

0.05

Figure 2. Phylogenetic tree showing the relationships between Metaphalangium and genera previously assigned to the
subfamily Phalangiinae, based on 16S rRNA gene sequences. Numbers at nodes indicate support values
(Maximum Likelihood bootstrap / Bayesian posterior probabilities). The tree was rooted using outgroup taxon
(Kovalius logunovi).

4. Discussion and Conclusions

In recent years, the use of different gene regions in molecular taxonomy has provided a detailed explanation of
the phylogenetic relationships between species. The 16S rRNA gene region, obtained from the large subunit of the
mitochondrial genome, is a reliable molecular marker widely used in both intra-species and inter-species comparisons.
Successful results have been obtained in some animal groups (amphibians, hydrozoans, some spider groups) and in
metabarcoding insects [9, 24, 25].

In the National Center for Biotechnology Information (NCBI) and Barcode of Life Data System (BOLD)
databases, only a limited amount of molecular data is currently available for the subfamily Phalangiinae, which includes
the genus Metaphalangium, while no molecular data exist for the genus Metaphalangium itself. Consequently, the
phylogenetic position of this genus has not yet been fully resolved at the molecular level.

In this study, molecular data for the genus Metaphalangium and the species Metaphalangium cirtanum are
presented for the first time, and their phylogenetic relationships are evaluated. However, given that the present study is
based on a single mitochondrial marker (16S rRNA), the results should be considered preliminary with respect to
deeper phylogenetic relationships. Future studies encompassing multiple gene regions and a broader taxonomic sample
size across the Phalangiinae subfamily will more firmly establish the phylogenetic relationships and systematic position
of the genus Metaphalangium.
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