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Abstract 
 

Based on the number of individuals and percentage of encounters in the studied areas, it is 
concluded that ground beetles (Coleoptera: Carabidae) stand out in comparison to other beetles, which is 
proved by the qualitative and quantitative composition of the collected fauna (51 species and 4,420 
individuals) in the field of wheat, sugar beet and maize. Starting from the domination of geobiotic insects 
which spend most of their life in soil and manifest their imaginal activity on the surface of soil, the method 
of “Barber's traps” was applied. Within this family the dominant and subdominant species during research 
were Anchomenus dorsalis , Poecilus cupreus, Harpalus rufipes, Calosoma auropunctatum, Harpalu 
distinguendus and many others. 24 carabids species were determined using the COI mtDNA, i.e. 8 species 
which don’t have reference sequence in the gene bank were determined and this contributes to the global 
bar-code database. The representatives of ground beetle family are of certain economic significance as 
well. They can appear as pests; on the other hand, they are known to be very beneficial i.e. as regulators of 
number of harmful insects as reported in numerous research papers of various authors. 
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1. Introduction 
Ground beetles (Coleoptera: Carabidae) or soil insects are important as biological control 

agents in agroecosystems. Ground beetles belong to the cosmopolitan group of insects, with 
over 40,000 species worldwide, out of which 2700 species are registered in Europe. The first 
significant contribution to understanding of ecology, taxonomy and prevalence of ground 
beetles was made by Carl Heinz Lindroth, and new knowledge about agroecology of these 
species can be found among the following authors: Lovei & Sunderland [1], Kromp [2] and 
Holland [3].  Currently it is considered that ground beetles are the most developed family of 
Adephaga suborder. Members of ground beetles family as predators can significantly reduce the 
population of harmful species, (Best & Beegle [4]; Clark & al. [5]), therefore they are important 
bioregulators on agricultural land. Given the economic importance of this family, as well as its 
degree of exploration, in order to accurately determine the individual species, collected in the 
crop of wheat, sugar beet and maize, the methods of molecular analysis was also applied. 

New and more sophisticated molecular techniques have significantly improved the 
understanding of genetic variability and evolutionary history. DNA bar-code is a molecular 
method for identifying species on the basis of short sequences of the genes encoding 
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cytochrome-oxidase subunit I of mitochondrial DNA (COI mtDNA). This is an excellent 
marker for the molecular analysis, since only mtDNA is inherited from the mother and it does 
not recombine, and mutation rate is approximately ten times greater than that in nuclear genes.  

By comparing the sequences of mitochondrial markers between individuals, populations, 
species or taxa at any level in the hierarchy of classification, one can get an insight into their 
phylogenetic relationships, the position of the common ancestor of a group of taxa on the 
phylogenetic tree, the time of separation from a common ancestor, and so on. Size of genetic 
differences between populations of the same species is the result of the activity of different 
evolutionary mechanisms and population-genetic phenomena.  

 
2. Materials and methods 

The experiment was set up in chernozem soil in the crop of wheat, maize and sugar beet 
during 2010 and 2011 in the experimental field of the Institute for wheat, maize and sugar beets 
in Rimski Šančevi (GPS coordinate: N45 40 6.015 E19 5 3.376), in the fields of Bečej (GPS: 
N45 37 0 E20 1 59.999) and on the private property of "Marbo Product" company in Maglić 
(GPS: N45 21 44 E19 31 54), province of Vojvodina, Republic of Serbia. Through the years of 
research, experimental plots with different plant species observed were located at the distance 
of 1-2 km within an experimental field. In both years, the size of plot was 10 ha (± 1 ha).      

For the collection of insects, the method of "Barber's traps" was applied. A total of 117 
traps was set, which is 90 in maize, wheat and sugar beet, that is ten in each plant species at the 
distance of 20 m in the same row of each field. As a preservative, 4% formalin was used. For 
the purpose of molecular analysis, three were additional Barber traps placed in each crop at all 
three sites (total of 27 traps), which contained 50% alcohol +50% of water in order to preserve 
the structure of the DNA of insects. To prevent contamination of traps by plant parts and to 
ensure protection from rain and birds, plastic overlays were placed on the aluminium carriers 
above the traps. In the first year of research, the "Barber's traps" were placed on 23 April 2010, 
and the collection of insects was carried out every ten days until 12 July 2010, while in the 
second year they were placed in the field on 28 April 2011 and the collection of insects was also 
carried out every ten days until 18 July 2011.  Molecular species identification was performed 
using DNA bar-code methods. Molecular analysis includes DNA extraction, amplification, 
purification and sequencing. All the samples that were collected for molecular analysis were 
stored in 96% ethanol, at a temperature of -200C until the extraction of DNA. Total DNA for 
each specimen was extracted using Dneasy®Blood & Tissue Kit (QIAGEN) according to the 
manufacturer's instructions. In order to preserve the specimens after the extraction, the abdomen 
puncture was carried out under the binocular (among smaller species), and femur puncture 
(among larger species), and then the punctured samples were incubated at 56° C in a water bath 
overnight in a solution of 180 µl ATL buffer and 20 µl proteinase K. The following day, the 
extraction procedure was continued following the protocol of the selected method of extraction. 
The extracted DNA was dissolved in 80 μl AE buffer, then stored at -20oC. After successive 
washing with water and 96% ethanol, the specimens from which the DNA extraction was 
carried out were mounted, marked with a code of extraction and placed in the entomology 
boxes. Mitochondrial DNA region encoding cytochrome oxidase subunit I was amplified by 
PCR amplification method using forward primer LCO1490 (5’-GGTCAACAAATCAT 
AAAGATATTGG-3’) (Folmer et al., 1994), while depending on the species, as a reverse primer, 
either L2-N-3014 (5'-TCCAATGCACTAATCTGCCATATTA-3') (Frohlich & al. [6]) or UAE8 
(5'-AAAAATGTTGAGGGAAAAATGTTA-3') (Lunt & al. [7]) was used. PCR amplification was 
performed in the volume of 20μl containing 1μl extracted DNA, 11.8μl H20, 2μl of buffer A 
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with 1xMg (High Yield Reaction Buffer A, Kapabiosystems), 1.8μl MgCl2 (2.25mm), 1.2μl 
dNTP (0.6mM), 1μl LCO1490 (0.5μM), 1μl HCO2198 (0.5μM) and 0.2μl KAPATaq DNA 
polymerase (0.1 U/μl) (Kapabiosystems).  

Amplification was performed in Eppendorf Mastercycler®ep in the following protocol:  
- Initial denaturation of 95°C/5 min;  
- 35 cycles of 1) denaturation of 95° C/1min; 2) elongation of 54° C/1 min, 3) extension 

of 72° C/2 min;  
-  Final extension of 72° C/10 min.  
In order to test the performance of the synthesis of COI gene, 5μl PCR of the product of 

each specimen was run on a 1% agarose gel ethidium bromide staining and visualized under 
UV transilluminator. After successful amplification of parts of COI genes, specimens 
intended for sequencing were purified using QIAquick® PCR Purification Kit-a (QIAGEN) 
following the manufacturer's instructions. The purity check of the purified specimens was 
performed on 1% agarose gel. Quantification, i.e. the molecular weight and the amount of 
DNA that will be sent for sequencing, was determined by visual comparison of the products 
with DNA  marker 100 Bp DNA Ladder (SERVA). Sequencing was done on an automated 
capillary sequencer ABI Prism 3700 (Applied Biosystems) in BMR Genomics (Padova, 
Italy). COI gene product of each specimen was sequenced in one direction using LCO1490 
forward primer. For the translation of the sequences of abi format which were produced by 
the sequencer as well as for their completion, the FinchTVTM program was used (Available at 
http://www.geospiza.com). In order to identify the species, all amplified sequences of COI 
mtDNA region of species from ground beetles family were analysed using BLAST method, 
that is lined with COI sequences from the database in the Gene Bank (http://blast.ncbi.nlm. 
nih.gov/Blast.cgi). 

 
3. Results and discussions 

During two years of research ground beetles stood out in relation to other species from 
Beetle order as the most numerous. During the research in crops of wheat, maize and sugar 
beet in the experimental plots of Bečej, Maglić and Rimski Šančevi, a total of 4,420 
individuals of ground beetles family was collected using the method of “Barber’s traps”. 

If we look at density per year, in the first year, more individuals were collected, that is 
2803 which are classified into 51 species, while in 2011, the number was almost half that, and 
only 1,617 individuals were recorded, that is 47 species identified, which is related to the 
prevailing weather conditions and long periods of drought during 2011. 

Using DNA bar-code method, we analyzed the 24 dominant species, collected during two 
years of research, which we were not able to determine with certainty on the basis of 
morphological characteristics. Molecular analysis included the following species: 
Pterostichus sericeus (Fischer, 1824), Calathus fuscipes (Goeze, 1777) , Harpalus azureus 
(Fabricius, 1775), Poecilus versicolor (Sturm, 1824), Calathus ambiguous (Paykull, 1790), 
Anchomenus dorsalis (Pontoppidan, 1763), Poecilus cupreus (Linnaeus, 1758), Harpalus 
distinguendus (Duftschmid, 1812), Harpalus rufipes (De Geer, 1774), Laemostenus terricola 
(Herbst, 1784), Pterostichus melanarius (Illiger, 1798), Harpalus dimidiatus (Rossi, 1790), 
Anisodactylus binotatus (Fabricius, 1787), Trechus quadristriatus (Schrank,1781), 
Pterostichus incommodus (Schaum,1858), Amara aenea (De Geer, 1774), Harpalus griseus 
(Panzer, 1796), Pterostichus cylindricus (Herbst,1785), Pterostichus vernalis (Panzer, 1795), 
Dolichus halensis (Schaller, 1873), Pterostichus melas (Creutz., 1799), Carabus coriaceus 
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(Linnaeus,1758), Calosoma auropunctatum (Herbst, 1784), Carabus cancellatus 
(Illiger,1798) (Table 1).  

 
Table 1. Species identified by molecular analysis 

 

Code Species Host plant Site Collection date 

CR1 Pterostichus (Parapoecilus) sericeus (Fischer, 1824) sugar beet Bečej 28/6/2011 

CR2 Calathus fuscipes (Goeze, 1777)  sugar beet Bečej 08/6/2011 

CR3 Harpalus azureus (Fabricius, 1775) sugar beet Maglić 11/5/2011 
CR4 Poecilus versicolor (Sturm, 1824) wheat Bečej 25/5/2011 
CR5 Calathus ambiguus (Paykull, 1790) sugar beet Bečej 08/6/2011 
CR6 Anchomenus dorsalis (Pontoppidan, 1763)  wheat Rimski 

Šančevi 
11/5/2011 

CR7 Poecilus cupreus (Linnaeus, 1758)  sugar beet Bečej 28/06/2011 
CR8 Harpalus distinguendus (Duftschmid, 1812) sugar beet Rimski 

Šančevi 
11/5/2011 

CR9 Harpalus rufipes (De Geer, 1774)  maize Bečej 11/5/2011 
CR10 Pterostichus (Laemostenus) terricola (Herbst, 1784)  maize Bečej 18/7/2011 
CR11 Pterostichus melanarius (vulgaris) (Illiger, 1798)  wheat Maglić 28/06/2011 
CR12 Harpalus dimidiatus (Rossi, 1790) wheat Rimski 

Šančevi 
25/5/2011 

CR13 Anisodactylus binotatus (Fabricius, 1787)  wheat Bečej 25/5/2011 
CR14 Trechus quadristriatus (Schrank,1781) wheat Maglić 08/6/2011 
CR15 Pterostichus incommodus (Schaum,1858) sugar beet Maglić 08/6/2011 
CR16 Amara aenea (De Geer, 1774) sugar beet Rimski 

Šančevi 
28/6/2011 

CR17 Harpalus griseus (Panzer, 1796) maize Rimski 
Šančevi 

28/06/2011 

CR18 Pterostichus (Cophosus) cylindricus (Herbst,1785) sugar beet Maglić 06/7/2011 

CR19 Pterostichus vernalis (Panzer, 1795) maize Maglić 06/7/2011 
CR20 Dolichus halensis (Schaller, 1873) sugar beet Bečej 18/7/2011 
CR21 Pterostichus (Feronidius) melas  

(Creutz., 1799)  
sugar beet Maglić 18/7/2011 

CR22 Carabus (Procrustes)coriaceus (Linnaeus,1758) sugar beet Maglić 28/6/2011 
CR23 Calosoma auropunctatum (Herbst, 1784) sugar beet Rimski 

Šančevi 
28/6/2011 

CR24 Carabus (Autocarabus) cancellatus (Illiger,1798) wheat Maglić 11/5/2011 

 
So far the DNA bar-code method enabled the successful resolution of many taxonomic 

problems, such as disclosure of “hidden” Snout beetle taxa from Mecinus gender (Toševski & 
al. [8]) length Rhinusa gender (Hernandez –Vera & al.[9]), criptic parasitoid species within 
the Aphidiinae subfamily (Desneux & al. [10]; Darsouei & al.[11]; Kos & al. [12]) etc. COI 
gene was applied in carabids determination in the numerous researches. Thus, Raupach & 
al. [13]  were able to identify 73 ground beetles species in Central Europe, 
classified into 26 genders, using standard primers for epibiont insects LCO1480 
length HCO2198 (Folmer & al. [14]).   

In taxonomic characterization of species we start from the fact that among arthropods it 
was found that if the divergence in the mitochondrial region is greater than 2.15%, then it 
comes to a variety of species (DeSalle & al. [15], Brower [16]). However, evolutionary 
processes are different and require a calibration of this mutation rate for a particular group of 
organisms in the study of phylogenetic relationships and taxonomic characterization based on 
bar-code region.  

Molecular identification of species belonging to Ground beetles family based on the COI 
gene of mitochondrial DNA, PCR method successfully amplified and sequenced species of 
the following genders: Pterostichus, Calathus, Harpalus, Poecilus, Anchomenus, 
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Laemostenus, Anisodactylus, Trechus, Amara, Dolichus, Carabus and Calosoma (Figure 1). 
COI gene products were amplified using the same forward primer LCO1490 among all 
specimens, as there was an option of two reverse primers, which clearly indicates that among 
the analysed species there are nucleotide changes in the section of COI mitochondrial DNA 
region at the place of binding of reverse primers.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Agarose gel with PCR products of COI mtDNA species belonging to the genders of Pterostichus, 
Calathus, Harpalus, Poecilus, Anchomenus, Laemostenus, Anisodactylus, Trechus, Amara, Dolichus, Carabus, 
Calosoma; CR1-CR24 codes denote species (Table 21); primers LCO1490, L2-N-3014, UEA8; B – negative 

control; 487 -  positive control Mecinus janthinus (Curculionidae,Coleoptera);M-marker 
 

Sequences of COI mtDNA of species of ground beetle family were analysed using 
BLAST method, that is lined with COI sequences from the database in the Gene Bank 
(http://blast.ncbi.nlm. Nih.gov/Blast.cgi). Table 2 shows the species which the analysed taxa 
share the greatest similarity with. Among Calathus fuscipes, Poecilus versicolor, Amara 
aenea, Calathus ambiguus, Anchomenus dorsalis, Dolichus halensis, Poeculis cupreus, 
Harpalus distinguendus, Harpalus rufipes, Laemostenus terricola, Pterostichus melanarius, 
Harpalus dimidiatus, Anisodactylus binotatus, Trechus quadristriatus, Carabus coriaceus, 
Carabus cancellatus, species, the BLAST analysis confirmed the status of a species that is 
primarily identified based on morphological characteristics 

Among Pterostichus (Poecilus) sericeus, Harpalus azureus, Pterostichus incommodus, 
Harpalus griseus, Pterostichus (Cophosus) cylindricus, Pterostichus vernalis, Pterostichus 
(Feronidius) melas and Calosoma auropunctatum species, based on mitochondrial molecular 
markers, the high rate of similarity with other species belonging to the same gender, i.e. the 
divergence in the mitochondrial region was higher than 2.15%. 
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Table 2. Molecular identification of species belonging to ground beetles family based on COI mtDNK 
 

 
Code 

 
Species name 

 
Set of primers* 

Pruduct
length 

Closely related 
species from 

NCBI 

Similarity 
rate 

 
Acc. No.** 

CR1 Pterostichus (Poecilus) 
sericeus  

LCO1490/PAT* 1550 bp Poecilus 
cupreus  

93% DQ295309 

CR2 Calathus fuscipes   LCO1490/PAT 1550 bp Calathus 
fuscipes 

99% GU323022 

CR3 Harpalus azureus  LCO1490/PAT 1550 bp Harpalus 
puncticeps 

96% EU710809 

CR4 Poecilus versicolor  LCO1490/UEA8 1270 bp Poecilus 
versicolor  

100% DQ295308 

CR5 Calathus ambiguus  LCO1490/PAT 1550 bp Calathus 
ambiguus 

99% GU254308 

CR6 Anchomenus dorsalis  LCO1490/PAT 1550 bp Anchomenus 
dorsalis 

100% GU347060 

CR7 Pterostichus (Poecilus) 
cupreus  

LCO1490/UEA8 1270 bp Poecilus 
cupreus 

99% FN868605 

CR8 Harpalus distinguendus  LCO1490/UEA8 1270 bp Harpalus 
distinguendus 

100% AJ583347 

CR9 Harpalus 
(Pseudoophonus) rufipes  

LCO1490/PAT 1550 bp Harpalus 
rufipes 

100% FN868613 

CR10 Pterostichus(Laemostenus) 
terricola  

LCO1490/PAT 1550 bp Laemostenus 
terricola  

99% JF778779 

CR11 Pterostichus melanarius   LCO1490/UEA8 1270 bp Pterostichus 
melanarius 

99% FN868606 

CR12 Harpalus dimidiatus  LCO1490/UEA8 1270 bp Harpalus 
dimidiatus 

99% AJ583342 

CR13 Anisodactylus binotatus  LCO1490/PAT 1550 bp Anisodactylus 
binotatus  

100% GU347063 

CR14  Trechus quadristriatus LCO1490/UEA8 1270 bp Trechus 
quadristriatus 

100% FN868615 

CR15 Pterostichus incommodus  LCO1490/UEA8 1270 bp Pterostichus 
jurinei 

94% GU347293 

CR16 Amara aenea  LCO1490/PAT 1550 bp Amara aenea 100% FJ173213.1 
CR17 Harpalus griseus  LCO1490/PAT 1550 bp Harpalus 

rufipes 
100% FN868613 

CR18 Pterostichus (Cophosus) 
cylindricus 

LCO1490/PAT 1550 bp Pterostichus 
jurinei 

95% GU347289 

CR19 Pterostichus vernalis  LCO1490/PAT 1550 bp Poecilus 
cupreus 

90% DQ295309 

CR20 Dolichus halensis  LCO1490/PAT 1550 bp Dolichus 
halensis  

100% JN600309 

CR21 Pterostichus (Feronidius) 
melas  

LCO1490/PAT 1550 bp Poecilus 
cupreus 

90% DQ295309 

CR22 Carabus (Procrustes) 
coriaceus  

LCO1490/PAT 1550 bp Carabus 
coriaceus 

99% JQ646617 

CR23 Calosoma auropunctatum  LCO1490/PAT 1550 bp Calosoma 
structator 

90% GU013578 

CR24 Carabus (Autocarabus) 
cancellatus  

LCO1490/PAT 1550 bp Carabus 
cancellatus 

99%  JQ646612 

*PAT – reverse pimer L2-N-3014;  
Acc. No.** Access number under which the COI mtDNK sequences are available in the gene bank 
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4. Conclusions 
Based on the molecular analysis performed, it can be concluded that bar-code region 

encoding the COI mitochondrial DNA gene is a convenient marker for the successful 
identification of taxa belonging to ground beetles family up to the species level. The 
sequences of COI mtDNA region among species for which there is no reference sequence in 
the gene bank such as Pterostichus (Poecilus) sericeus, Harpalus azureus, Pterostichus 
incommodus, Harpalus griseus, Pterostichus (Cophosus) cylindricus Pterostichus vernalis, 
Pterostichus (Feronidius) melas, Calosoma auropunctatum, represent a contribution to the 
global bar-code database.  

 Bar-code region is an excellent molecular marker for further investigation of possible 
processes of genetic differentiation among ground beetle populations depending on various 
factors (habitat, diet, natural enemies, etc.). Therefore, it is necessary to primarily define a 
methodological framework for the proper collection of materials from the point of collecting 
all the necessary parameters in order that the results of molecular analysis could provide 
information on the status of populations, gene flow, and phylogenetic relationships of closely 
related species.  

Advantages of DNA bar-code are successful identification of species in all stages of 
development, uniformity of data, minimal risk of erroneous determination, unnecessary 
product quality check after a positive identification, etc. MtDNA sequencing allows the 
identification of each nucleotide changes in the genome and thus allows assessment of 
polymorphism within and among populations. Although among other species of insects, COI 
mtDNA sequences are similar, there are clear differences that define their bar-codes and 
enable successful taxonomic characterization. 
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