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Abstract. The genetic polymorphisms of Eustigmaeus erciyesiensis Doğan, Ayyıldız & Fan (Acari: Stigmaeidae) populations collected 
from Ahmediye and Ekşisu areas in Erzincan were determined by RAPD-PCR method (Randomly Amplified Polymorphic DNA-
Polymerase Chain Reaction). The genetic distances among the populations were shown with dendrogram and the dimensions of 
intra-specific variations were brought out. The random primers, OPAA08, OPAA19, OPAB01, OPAB05, OPAB18, OPAC09, 
OPAC17, OPAC19, OPAD10, OPAE09, OPAE12 and OPAE17 were used in the experiment. We obtained 134 bands in varying size 
from 100 to 4000 base pairs. Total polymorphism rate was 55.2 %. As a result, it was determined that intra-species genetic variations 
in the populations of E. erciyesiensis are high. With this study, E. erciyesiensis has been analysed at molecular level for the first time. 
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Mites (Arthropoda: Acari) successfully adapted to a great 
variety of habitats from the sea and freshwater to terrestrial 
habitats (Eisenbeis 2006, Doğan et al. 2015a). They are the 
most abundant organisms living free in forest soil (Walter & 
Proctor 1999, Borah & Kakati 2014). Some live as parasites of 
plants, invertebrates, and vetebrates, including humans 
(Woolley 1988, Evans 1992, Walter & Proctor 1999, 2001, 
Krantz & Walter 2009, Doğan 2012, Yeşilayer & Çobanoğlu 
2015, Çobanoğlu et al. 2015, 2016). 

Mites of the family Stigmaeidae live in soil, litter, moss, 
lichens, and bark, and some are associated with insects (Ger-
son et al. 2003; Dönel & Doğan 2011; Fan & Flechtmann 
2015). Stigmaeidae currently consists of 34 genera and about 
580 species (Doğan & Özçelik 2011, Dönel & Doğan 2011, 
Doğan et al. 2015b, Bingül et al. 2017, Fan et al. 2016, 
Stathakis et al. 2016); 128 species belong to the genus Eustig-
maeus Berlese (Doğan et al. 2004, Dönel & Doğan 2011, Fan et 
al. 2016, Stathakis et al. 2016). 

Molecular genetic methods emerged in the late 20th cen-
tury. PCR-based DNA replication and innovation in DNA 
sequencing methods have been effective in the use of mo-
lecular markers (Mullis et al. 1986, Dabert 2006, Öz Aydın 
2004). DNA markers find polymorphisms better than protein 
markers. Moreover, DNA samples are the same in all tissues 
of the organism, in contrast to the protein markers. Thus, 
DNA markers are frequently used to determine interspecific 
or intraspecific genetic distances (Güz & Kılınçer 2012). 

While there is not often any morphologic differences 
among individuals of the same species living in different ar-
eas, the relationship can be presented more clearly through 
DNA and protein markers. In the present work, the genetic 
differences among Eustigmaeus erciyesiensis Doğan, Ayyıldız 
& Fan populations from 17 different areas located in Ah-
mediye and Ekşisu, Erzincan, Turkey, were analysed by 
RAPD-PCR method. The comparison of genetic similarities 
in populations of the same species can reveal limits of in-
traspecific variations. There has not been any molecular-
based study on Eustigmaeus species, so it is also important in 
terms of being the first study. 

 
The main material of this study was Eustigmaeus erciyesiensis speci-
mens (Figs 1-2). The mites were collected from Ahmediye and Ekşisu  

 
 

Figure 1. Eustigmaeus erciyesiensis (female), dorsal view. 
 
 

 
 

Figure 2. Eustigmaeus erciyesiensis (female), ventral view. 
 
 

areas in Erzincan that are suitable habitats for E. erciyesiensis. Mite 
sampling was performed throughout the year 2014 (Table 1). The 
samples taken from the research area were brought to the laboratory 
in nylon bags and extracted by Berlese funnels. Temperature and pH 
of sampling areas of Eustigmaeus erciyesiensis were measured (Table 
2). The mite specimen collection and extraction methods details were 
performed according to Doğan (2006). 

Morphological identifications of the mite specimens were com-
pleted by contrast phase microscopy (Leica DM4000 B) and identi- 
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Table 1. Localities of the studied populations (numbers from 1 to 17 represent the mite populations). 
 

1. Ahmediye, 3952'54"N, 3929'19"E, 2012 m, moss from the side of freshwater, October 2013. 
2. Ahmediye, 3952'54"N, 3920'19"E, 2012 m, moss from over the rocks, October 2013. 
3. Ahmediye, Ağılözü Village, 3952'47"N, 3920’16"E, 1975 m, damp moss and grass, May 2014. 
4. Ahmediye, 3952'54"N, 3929'19"E, 2012 m, moss on the rocks, July 2014. 
5. Ahmediye, 3952'54"N, 3929'19"E, 2012 m, moss and grass from the side of water, May 2014. 
6. Ahmediye, 3952'54"N, 3929'19"E, 2012 m, moss from the side of freshwater, November 2014. 
7. Ahmediye, 3952'54"N, 3929'19"E, 2012 m, grass from the side of freshwater, November 2014. 
8. Ekşisu, 39°43'48"N, 39°37'36"E, 1150 m, grass and moss over the marsh, December 2013. 
9. Ekşisu, 39°43'48"N, 39°37'36"E, 1150 m, grass and moss, February 2014. 
10. Ekşisu, 39°43'37''N, 39°37'47''E, 1150 m, damp moss and soil, June 2014. 
11. Ekşisu, 39°43'34"N, 39°37'24"E, 1150 m, moss from the side of freshwater, May 2014. 
12. Ekşisu, 39°43'48"N, 39°37'36"E, 1150 m, moss over the marsh, January 2014. 
13. Ekşisu, 39°44'14"N, 39°36'48"E, 1150 m, moss and grass from the sulphurous water, February 2014. 
14. Ekşisu, 39°43'41"N, 39°37'32"E, 1150 m, damp moss and soil, July 2013. 
15. Ekşisu, 39°43'44"N, 39°37'33"E, 1150 m, grass and moss over the marsh, November 2013. 
16. Ekşisu, 39°43'48"N, 39°37'36"E, 1150 m, grass and moss over the marsh, January 2014. 
17. Ekşisu, 39°44'14"N, 39°36'48"E, 1150 m, moss from the sulphurous water, January 2014. 

 
 

Table 2. Temperature and pH values of sampling areas of Eustig-
maeus erciyesiensis. 

 

Area Populations pH of soil Temperature of soil (ºC) 
1 7.73 18 
2 7.59 18 
3 7.21 29 
4 7.77 28 
5 7.60 28 
6 7.54 17 

Ahmediye 

7 7.84 18 
8 8.18 29 
9 8.47 29 

10 8.76 29 
11 8.30 29 
12 9.00 29 
13 9.25 29 
14 8.00 29 
15 8.03 29 
16 9.00 29 

Ekşisu 

17 8.06 29 
 
 

fied all specimens of E. erciyesiensis. An average of 300 female mite 
specimens for all populations were incubated for 2 hours at 60 ºC in 
an oven for removing alcohol (70 % ethyl alcohol) and then were 
washed three times with sterile distilled water. The specimens were 
dealcoholized and dried with Whatman paper, and they were ho-
mogenized with liquid nitrogen at -196 ºC by trituration with a mor-
tar. DNA purification of homogenates was performed with Qiagen 
DNeasy Blood and Tissue Kit. 12 primers (OPAA08, OPAA19, 
OPAB01, OPAB05, OPAB18, OPAC09, OPAC17, OPAC19, OPAD10, 
OPAE09, OPAE12 and OPAE17) were performed on 17 populations 
by PCR. 

Mite specimens were placed in a micro-centrifuge tube (1.5 ml) 
and 180 µl lysis buffer was added. Afterwards the mites were ho-
mogenized in 20 µl of proteinase K. The samples were briefly vor-
texed and incubated at 56 ºC overnight in a water bath shaker. Then, 
the samples were homogenized by thoroughly vortexing. Further 
steps are as described in the protocol (Qiagen DNeasy Blood and 
Tissue Kit). The extracted DNA was used immediately or stored 
three or four weeks at -20 ºC for later use. 

Each PCR reaction was set up in a total volume of 20 µl with 10X 
PCR buffer, 100 nM dNTPs (Sigma), 100 µM 10-base primer, 5 
unit/µl taq DNA polymerase (Sigma) and 0.7 µM DNA template, 
and run in a thermocycler programmed at 94 ºC for 2 min for initiali-
zation; 94 ºC for 30s for denaturation, 32-40 ºC for 1 min for anneal-
ing (gradient), 42 ºC for 1 min for extension, 72 ºC for 2 min (45 cy-
cles); 72 ºC for 10 min final extension. 

Obtained PCR products were loaded on to agarose gels (1.0 %) 
and allowed to run at 100 Volt for 2 hours in the electrophoresis 
tank. Amplified DNA fragments were visualized by UV-light. For 
each individual, existence of the fragments for each primary was ex-
pressed as present or absent. The presence of PCR product indicates 
that the primer can hybridize to the template. This experiment was 
replicated three times with similar results. 

According to the presence of bands, we determined whether the 
primers hybridized to the template DNA. The evaluation was made 
in terms of the presence of bands, the hybridized primers and the 
corresponding complement of these primers found in the samples. 
 
A total of 12 primers were tested and all of them showed the 
ability to anneal to the template DNA (Fig. 3). As a result of 
amplification, a total of 134 bands were obtained, varying in 
size from 100 to 4000 bp. Among them, 74 were polymor-
phic. OPAB05 produced the most bands (15), OPAB01 and 
OPAA19 produced the fewest bands (9). 

RAPD results showed that two clusters of populations 1-
7 (group one) and populations 8-17 (group two) (Fig. 4). 
Populations 6 and 7 were the closest to each other (0.988), 
and populations 1 and 14 were the most distant (0.688) (Fig. 
4, Table 3). The total polymorphism was 55.2 % (Table 4). 
This value showed that the intra-specific variation was high 
in E. erciyesiensis populations of the two areas. 

Our studied mite species, Eustigmaeus erciyesiensis, was 
collected from moss and grassy soil only in Turkey (Doğan 
2005, 2007, Erman et al. 2007, Dönel & Doğan 2011, Dil-
karaoğlu et al. 2016). It can be easily distinguished from 
other species by having a different dorsal ornamentation, 
sword-shaped dorsal body setae, humeral regions with ma-
jor callosities, coxisternal shields completely separated along 
the midline, setae 4a absent, the aggenital shield bearing two 
pairs of setae (Doğan et al. 2003, 2004). The specimens de-
termined as E. erciyesiensis exhibited all morphological char-
acters of this species. In our female specimens, the average 
body length was 460 (range 417-500) µm and width was 356 
(320-419) µm. The morphological features of the species were 
described previously (Doğan et al. 2003, 2004), but there is 
no information on the genetic level so far. 

RAPD method was used in our study to analyze the spe-
cies genetically. Some scientists have suggested that the 
RAPD method can be used to reveal genetic diversity at the 
species level (Stammers et al. 1995, Marilla & Scoles 1996,  
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Figure 3. The amplification products generated against 12 primers (bp: base pairs). 
 
 

Table 3. Genetic similarity index between Ekşisu and Ahmediye populations of Eustigmaeus erciyesiensis (numbers from 1 to 17 represent the 
mite populations). 

 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
1 1.000                 
2 .895 1.000                
3 .807 .820 1.000               
4 .864 .856 .874 1.000              
5 .859 .830 .938 .906 1.000             
6 .833 .867 .822 .878 .831 1.000            
7 .833 .867 .822 .878 .831 .988 1.000           
8 .742 .773 .732 .784 .722 .794 .794 1.000          
9 .793 .787 .745 .798 .791 .753 .753 .871 1.000         
10 .753 .766 .761 .796 .769 .750 750 .849 .888 1.000        
11 .774 .750 .763 .817 .791 .771 .771 .851 .910 .974 1.000       
12 .736 .750 .688 .742 .733 .772 .772 .835 .831 .809 .811 1.000      
13 .791 .785 .742 .777 .789 .750 .750 .849 .976 .886 .909 .830 1,000     
14 .688 .719 .713 .785 .720 .722 .722 .839 .796 .833 .815 .778 .774 1.000    
15 .750 .763 .740 .792 .747 .840 .840 .844 .860 .839 .860 .844 ,859 .828 1.000   
16 .755 .750 .726 .760 .753 .789 .789 .813 .868 .826 .848 .895 .867 .777 .922 1.000  
17 .747 .742 .719 .753 .745 .781 .781 .804 .859 .817 .839 .885 .857 .768 .912 .980 1.000 

 
 

 
 

Figure 4. Genotypic connection between Ekşisu and Ahmediye 
populations of Eustigmaeus erciyesiensis. 

 
 

Cheraghali et al. 2015). Matioli et al. (2009) have used RAPD-
PCR method to compare the genetic similarity between the 
mite Agistemus pallini Matioli, Tavares & Pallini in two locali-
ties of Brazil. This study indicated that the method used for 
DNA extraction of mites is appropriate for RAPD-PCR am-
plifications despite the small size of mites and small amount 
of DNA (Matioli et al. 2009). Mattioli et al. (2009) calculated  
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Table 4. Numbers and polymorphism percentages of the amplification products consisting 
of RAPD primers. 

 

Primer  Base sequence 5’- 3’ 
Number of 

polymorphic bands 
Number of 
total bands 

Polymorphism 
rates (%) 

OPAA08 5’-TCC GCA GTA G-3’ 9 10 90 
OPAA19 5’-TGA GGC GTC T-3’ 8 9 88.8 
OPAB01 5’-CCG TCG GTA G-3’ 3 9 33.3 
OPAB05 5’-CCC GAA GCG A-3’ 13 15 86.6 
OPAB18 5’-CTG GCG TGT C-3’ 10 12 83.3 
OPAC09 5’-AGA GCG TAC C-3’ 7 12 58.3 
OPAC17 5’-CCT GGA GCT T-3’ 9 10 90 
OPAC19 5’-AGT CCG CCT G-3’ 0 11 0 
OPAD10 5’-AAG AGG CCA G-3’ 1 11 9.1 
OPAE09 5’-TGC CAC GAG G-3’ 5 12 41.6 
OPAE12 5’-CCG AGC AAT C-3’ 3 11 27.3 
OPAE17 5’-GGC AGG TTC A-3’ 6 12 50 
TOTAL   74 134 55.2 

 
 

the polymorphism rates as 53.8 %. Findings in our study 
(55.2 %) support this conclusion. Similarly, Al-Deep & Enan 
(2010) also used RAPD-PCR to uncover the genetic profiles 
of phoretic mites associated with Oryctes agamemnon Bur-
meister. Rodrigues et al. (2004) used RAPD markers with the 
COI analysis to estimate the genetic variability of Brevipalpus 
phoenicis (Geijskes) mite specimens collected from different 
plants, and they observed high polymorphisms in the mite 
samples. Yabsley et al. (2013) and Que et al. (2014) showed in 
their studies that molecular characterization and morpho-
logical characterization complement each other. 

Specimens of E. erciyesiensis taken from Ahmediye and 
Ekşisu in the same season were genetically close to each 
other, even that the populations received from in the same 
place and in the same month were very close to each other, 
too. Populations 6 and 7, which were the closest to each 
other geographically, were obtained from Ahmediye in No-
vember. As expected, mites collected in the same season and 
the same area have less difference. This situation is likely 
based on the environmental factors and environmental ad-
aptation. In specimens taken from the same region and at 
different seasons, genetic polymorphisms were probably ob-
served due to the different living conditions and different 
temperatures. 

When the pH values of the sampling sites were com-
pared, the Ekşisu area (average pH 8.50) was more alkaline 
than the Ahmediye area (average pH 7.61) (Table 2). Besides, 
it was determined that Ekşisu had a higher average tempera-
ture (average 29 °C) (Table 2). When the dendrogram of 
RAPD-PCR results is examined (Fig. 4), it was clear that ge-
netic similarity between the populations of these two areas is 
minimum. The average similarity was 0.760 between Ekşisu 
and Ahmediye populations. Furthermore, the similarity in-
dex average of the populations in the Ekşisu area was 0.853 
and 0.862 in those of Ahmediye (Table 3). Accordingly, 
when the similarity ratios of the specimens collected from 
both areas were compared, it can be considered that the dif-
ferences of altitude (862 m), average pH and average tem-
perature may have formed genetic differences. 

Some variation can occur in an organism’s DNA se-
quence and protein structure of organisms in adaptations to 
different environmental conditions (Doğan et al. 2010). Or-
ganisms have to show some adaptability to environmental 
conditions such as temperature, humidity, amount of nutri-

ents, pH, sunlight and radiation, which can cause intra-
specific polymorphisms (Somero 2009, Hoffmann & Sgro 
2011). Seasonal changes occur rapidly but mites cannot 
adapt themselves to these changes at the same pace. Most 
likely these differences are due to the conditions of the ex-
periments or can be caused by parthenogenetic reproduction 
of this mite. These mite populations could be further ana-
lysed by other DNA analyses for detecting variability among 
the populations and for validating these results. Although 
RAPD is not sufficient alone to describe phylogenetic rela-
tionship at the species level, it is important to reveal the ge-
netic profile of the species. 
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