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DNA Barcoding And Species Delimitation Of Pyrausta (Lepidoptera: Crambidae, Pyraustinae) With 

Some Populations In Turkey 

Sibel KIZILDAĞ1* 

ABSTRACT: Pyrausta aurata (Scopoli, 1763), P. despicata (Scopoli, 1763), P. sanguinalis (Linnaeus, 1767), 

P. castalis (Treitschke, 1829), P. pavidalis (Zerny in Osthelder, 1935) and P. gulpembe (Kemal & Koçak, 2018) 

from Turkey were first time barcoded in the present study. Turkish populations and new species P. tatarica 

(Kemal, Kızıldağ & Koçak, 2020) were evaluated the phylogenetic positions with other Pyrausta species and 

populations. In the phylogenetic tree based on the mtCOI gene region delimitation of species and populations 

constructed with Neighbor-joining, Bayesian inference, and maximum-likelihood algorithms. For understanding 

the importance of the phylogenetic species concept in species delimitation, was reviewed cladistic topology and 

genetic distances of Pyrausta species with new data. 
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INTRODUCTION 

The genus Pyrausta is one of the genera in the subfamily (Pyraustinae) with the largest number of species, 

it has over 320 species. The members of the genus are abundant in number and diversity and these moths widely 

distributed in the world. However, although the number of species is well known, a taxonomic revision of this 

genus has not been performed (Sutrisno, 2002). Most species still haven’t detailed genital form and definition. 

This causing doubts that the numbers of species may be higher than known (Chen et al., 2018). Today, with the 

development of molecular techniques, species boundaries can be tested with molecular characters, and 

biodiversity can be determined. A strong molecular character can determine whether known species are 

valid/invalid, and the new species and closely related species, cryptic species in the genus (Patwardhan et al., 

2014). In the last years, much progress has been made in the ability to define moths species through the use of 

mtCOI data (Yang et al., 2016; Mally et al., 2019). This gene region has identity information for many species 

and determines species boundaries stably as a DNA barcode. The reliability of species boundaries increases with 

the molecular data of a large number of different populations containing large geographic distributions (Silva-

Brandão et al., 2009). 

Currently, almost a third of Pyrausta species are barcoded and work is still in progress. The vast majority 

of barcoded samples are from the USA and Canada, then from European countries and China (other Palearctic 

realms are limited), very few from South America, Africa, and Australia (Anonymous, 2020a). In Turkey were 

recorded 14 species of this genus (some of which are new species); the names respectively are Pyrausta aurata 

(Scopoli, 1763), P. despicata (Scopoli, 1763), P. sanguinalis (Linnaeus, 1767), P. castalis (Treitschke, 1829), P. 

virginalis (Duponchel,1832),  P. limbopunctalis (Herrich-Schäffer, 1849), P. falcatalis (Guenée, 1854), P. 

pauperalis (Staudinger, 1879), P. ferrealis (Hampson, 1900), P. mauretanica (Rebel, 1907), P. delicatalis 

(Caradja, 1916), P. pavidalis (Zerny in Osthelder, 1935), P. gulpembe (Kemal & Koçak, 2018), and P. tatarica 

(Kemal, Kızıldağ & Koçak, 2020). But there isn’t any molecular data that still belongs to them (except P.tatarica) 

(Kemal and Koçak, 2018; Kemal et al., 2020; Anonymous, 2020b). 

In this study, six species of the Pyrausta belong to Cesa Collection recorded from Turkey were firstly 

barcoded. Molecular taxonomic relationships of the present Pyrausta species were evaluated with new data. 

MATERIALS AND METHODS 

Turkish populations of Pyrausta were evaluated by keeping materials of the Centre for Entomological 

Studies Ankara (Cesa) Collection (Table 1).  

Table 1. Registration information belong to Turkish populations of Pyrausta 

No Species Province Accession numbers in GenBank Cesa Sample ID Numbers 

01 Pyrausta despicata Bitlis MN630685 Cesa Pyr015 

02 Pyrausta despicata Van MN630686 Cesa Pyr044 

03 Pyrausta castalis Hakkari MN630688 Cesa Pyr040 

04 Pyrausta pavidalis Van MN624144 Cesa Pyr009 

05 Pyrausta tatarica Van MN640435 Cesa Pyr059 

06 Pyrausta 

sanguinalis 

Bitlis MN630687 Cesa Pyr014 

07 Pyrausta aurata Van MN630689 Cesa Pyr010 

08 Pyrausta aurata Van MN630690 Cesa Pyr045 

09 Pyrausta gulpembe Siirt MN259520 Cesa Pyr002 

 

The legs from the Pyrausta specimens were cleaned thoroughly with ethanol and dried.  The RED Extract-

N-Amp Tissue PCR Kit (Sigma-Aldrich, St. Louis, Missouri, USA) previously used by Kemal et al., (2018) was 

used to extract the total genomic DNA extraction from the tissue in the first stage and  DNA barcode region copied 

also in the second stage. The PCR products were sent to Macrogen (Macrogen, Amsterdam, Netherlands) with 

the LepF1/R1 universal primers for purification and bilateral sequencing. 
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For phylogenetic analysis,  barcodes of 533 species/ populations belong to Pyrausta were downloaded from 

GenBank and Boldsystem database, and the data set was prepared by adding barcodes of 9 populations presented 

in this study (Anonymous, 2020a; 2020c). Genetic distances between populations and species were calculated 

using the Kimura 2-parameter distance model (Kimura, 1980). The neighbor-joining (NJ) tree was constructed 

used the Kimura 2-Parameter distance model in MEGA 7.0 software. Maximum-likelihood (ML) bootstrapping 

analyses were achieved with 1000 replicates using RAxML Blackbox on XSEDE v.8.2.4 (Stamatakis et al., 2008) 

on the CIPRES Science Gateway. A Bayesian inference (BI) analysis was performed in MrBayes 3.2.6 (Ronquist 

and Huelsenbeck, 2003) with the Markov chain Monte Carlo algorithm. The program JModeltest v.2.1.7 (Posada, 

2008) selected the TIM3+I+G evolutionary model as the best model according to the Akaike information criterion 

for Bayesian inference. The program was run for 5 000 000 generations, with a sample frequency of 100 and a 

burn-in of 12 500. 

RESULTS AND DISCUSSION 

In this study, barcodes of nine Turkish populations of seven species belonging to Pyrausta are presented 

for the first time. Also P. gulpembe and P. pavidalis were barcoded for the first time on a global scale and recorded 

in GenBank. P.tatarica's phylogeny estimate is presented for the first time in this study.  

Intragenus phylogeny prediction was calculated with three algorithmic trees. Since topologies of the NJ, 

ML, and BI phylogenetic trees are each other similar, three-support values were shown in a single (NJ) tree (Figure 

1, Figure 2, Figure 3). Today, detailed phylogenetic trees of 75 species, whose exact barcode area has already 

been determined, have been built. Likewise, all of the populations of these species were presented in the form of 

"clades" by constricting due to taking up space in the consensus phylogenetic tree. Although Pyrausta spp. were 

generally seen as monophyletic taxa, populations of some species are not monophyletic. Different populations of 

some species were found to be more closely related to populations of other species than congeners. These non-

monophyletic populations may have been misdiagnosed morphologically or morphologically apomorphic 

characters could not be identified between these taxa. In the phylogenetic tree, the Turkish population of P. 

castalis is located in the "castalis clade". Genetic distances between P. castalis Turkish population and European 

(Greece, Italy and Macedonia) populations are between 0.31% and 1.39%, and NJ /BI /ML node values are 88/0.72 

/62. P. pavidalis and P. gulpembe located to this clade as a sister group and the P. generosa clade were basal to 

them (Figure 1). The genetic distance of the Turkish population of P. castalis to P. gulpembe was 9.31%, to P. 

pavidalis to 7.88% and for P. generosa is 8.25%. The genetic distance between P. gulpembe and P. pavidalis is 

8.05% and 9.31% with P. generosa. In addition, the genetic distance between P. pavidalis and P. generosa is 

9.50%. 

 The monophyletic P. despicata clade formed from the 20 populations (18 from Europe, 2 from Turkey) 

with the strong support values (NJ /BI /ML; 76/0.83/82) (Figure 1). The genetic distances between these 

populations were in the range of 0.00-1.56% and were 2.04% with the German population (KX044594). P. 

despicada clade, which also includes the Turkish population, is a monophyletic taxon and was in a closely related 

position with the clade, mostly North American species. Populations of North American species seemed to be 

phylogenetically problematic in them. 

 In the presented phylogenetic tree, P. tatarica and P. aerealis clade are closely related and have a sister 

position with almost complete support values (NJ /BI /ML; 99/1.00/100) (Figure 2). Genetic distances between 

populations of two species are in the range of 2.85-4.49%. 

P. sanguinalis clade and P. andrei are sister groups and the genetic distance between each population is 

11.39% on average (Figure 3). The genetic distance between the P. sanguinalis populations and the Turkish 

population is in the range of 0.15-1.24%. 

P. aurata, P. generosa, and P. orphisalis are closely related species.  P. aurata clade was separated from 

the two species (generosa/orphisalis) with strong support values (NJ /BI /ML; 98/1.00/97) (Figure 3). The genetic 

distance between P. aurata and P. generosa is 5.67% and 5.50% with P. orphisalis. Also, the genetic distance 

between P. generosa and P. orphisalis is 2.85%. 
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Figure 1. NJ, BI, and ML analyses based on mt COI gene sequences. The sequences of Pyrausta populations in the study are indicated in 

red-bold. Numbers at the nodes indicate the BI posterior probability and the NJ/ML bootstrap values.  A dash indicates a value of less than 

0.50 (BI) or 50% (NJ/ML). Bar, 1 substitutions per 100 nucleotide positions. 
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Figure 2. Continuation of the phylogenetic tree. 
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Figure 3. Continuation of the phylogenetic tree. 
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CONCLUSION 

In this study, Pyrausta aurata (Scopoli, 1763), P. despicata (Scopoli, 1763), P. sanguinalis (Linnaeus, 

1767), P. castalis (Treitschke, 1829), P. pavidalis (Zerny in Osthelder, 1935) and P. gulpembe (Kemal and Koçak, 

2018), molecular barcodes of Turkey's populations were presented for the first time. 

 The clustering of these populations in the same clade with their congeners in the presented phylogenetic 

tree indicates that they were diagnosed morphologically correctly by taxonomists. In other words, the molecular 

taxonomies of these species were compatible with the morphological species distinction. In addition, it has been 

found that the diagnostic characters of these species represent the species correctly and that the species limits are 

evident at the molecular level. Kemal and Koçak (2018) defined P.gulpembe as the new morphological species, 

and for the first time it was confirmed by testing phylogenetic analysis in this study that this species was a separate 

species. For the first time in this study, P. tatarica evaluated the phylogenetic position. While defining this species, 

the authors reported that it was the closest taxon to P. aerealis morphologically and molecularly. In the presented 

phylogenetic tree, P. tatarica was positioned as a sister to the P. aerealis clade. In other words, the morphological 

definition and the phylogeny prediction of P. tatarica were consistent. 

 As a result, there is a huge number of deficiencies in the molecular data of Pyrausta. Barcodes of a large 

number of species and populations from different geographies are required to estimate the correct phylogeny. For 

this reason, in the present study molecular taxonomic evaluation of Pyrausta species and populations was done 

by the results obtained with new data from Turkey. It is aimed to shed light on similar studies in the future. 
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