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Purpose of STSM  

The sedentary Cereal Cyst Nematodes (CCN: Heterodera spp.) have a global distribution and cause significant 

economic yield losses in many countries of the world, in particular where rainfed cereal predominated systems 

are practiced (Nicol et al., 2003). Recent surveys of cereal fields in Souteast Anatolion plateau (SEA) and 

Central Anatolian Plateau of Turkey showed that three species are widely distributed in major wheat and barley 

cultivating areas, with H. filipjevi being common in Central Anatolian Plateau, whereas H.avenea and H. 

latipons being dominant in South East Anatolia Plateau (Abidou et al., 2005; İmren, 2010).  

The identification of Heterodera species using morphological and morphometrical characteristics is time 

consuming and requires great skill and training by the observer. However, the analysis of coding and non-coding 

regions of ribosomal DNA (rDNA) became a favorite way for nematode identification (Vrain et al., 1992; Wendt 

et al., 1993; Zijlstra et al., 1995). The internal transcribed spacer region (ITS) is variable and therefore useful for 

nematode identification and phylogenetic studies at species level. Polymerase Chain Reaction-Restriction 

Fragment Length Polymorphism (PCR-RFLP) or –sequencing based on ITS-regions of the rDNA repeat units 

has provided to be a reliable tool for quick and precise identification of cyst nematode species and subspecies 

(Bekal et al., 1997; Subbotin et al., 1999; Subbotin et al., 2000; Rivoal et al., 2003; Madani et al., 2004; Abidou 

et al., 2005; Smiley et al., 2008).  

In my PhD project we aim to identify Cereal Cyst Nematode populations (Heterodera avenae group species) 

collected in Southeast Anatolia Plateue in Turkey and other countries using moleculer tools. During the STSM I 

worked to identify the speciesspecific genomic variability of  the Heterodera populations isolated based on 

sequencing of the (ITS)-rDNA region and by comparing these with the sequences available in the Gen Bank 

database followed by a determination of the phylogenetic relationship as the final analysis. Besides that, the 

STSM opportunity has provided me with the necessary molecular skills to further use it in my research. 

 

DESCRIPTION OF THE WORK 

 

DNA extraction. Of each Heterodera population, one to five juveniles were transferred to a drop of water on a 

glasslide under a binocular. Nematodes were cut into two or more pieces with a sterilised scalpel. Eight μl water 

with the nematode fragments were transferred into a 0.2 ml Eppendorf tube containing 10 μl worm lysis buffer 

(final concentration: 50 mM KCl, 10 mM Tris-Cl pH 8.3, 1.5 mM MgCl2, 1 mM DTT, 0.45% Tween 20) and 2 
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μl of proteinase K (600 μg/ml). The tubes were stored at -70ºC for at least 10 min. After deepfreezing, the lysate 

was incubated in a thermocycler (PTC-200 Biozym, Landgraaf, The Netherlands) at 65ºC for 1 h. At this 

temperature, proteinase K cut all proteins into individual amino acids. Before centrifugation (2 min at 13,000 

rpm) to collect the supernatans (extracted DNA), the tubes were incubated for 10 min at 95ºC to denature the 

proteinase K. Finally, the extracted DNA was cooled to 4ºC and stored at -20ºC. Alternatively, DNA was 

extracted from cysts by transferring 1 cyst to an 0.5ml Eppendorf tube containing 40µl ddH2O. The cysts was 

broken manually and the content further crushed using a micro-vibromixer (30 s). Before incubation as was done 

for juveniles, 50µl of worm lysis buffer (see before) and 10µl proteinase K (600 μg/ml) were added to each tube 

now containing a total volume of 100 μl. 

 

PCR amplification. For molecular identification, the ITS-rDNA region was amplified. One µl of DNA-extract 

was added to the PCR reaction mixture containing 23 μl ddH2O, 25μl 2X DreamTaq PCR Master Mix 

(Fermentas Life Sciences, Germany) and 0.5 μl of forward primer (5’-CGTAACAAGGTAGCTGTAG-3’) and 

reverse primer (5’-TCCTCCGCTAAATGATATG-3’) (Ferris et al., 1993). The DNA thermal cycler program 

consisted of 5 min at 95 °C; 40 cycles of 94 °C for 30 s, 48 °C for 45 s and 72 °C for 45 s; followed by a final 

elongation step of 8 min at 72 °C. After PCR amplification, 5 μl of each PCR product was mixed with 1 μl of 6× 

loading buffer (Fermentas Life Sciences, Germany) and loaded on a 1.5% standard TAE buffered agarose gel. 

After electrophoresis (100 V for 40 min) the gel was stained with ethidium bromide (0.1 μg/ml) for 15 min, 

visualized and photographed under UV-light (fig. 1). The remaining PCR product was stored at –20 °C.  

 

 
Fig. 1 PCR-products of ITS-region. 

 

Purification of the PCR products: The PCR reaction mixture was loaded on a 1% agarose gel in 1X TAE 

buffer. Electrophoresis was done until the DNA band of interest was isolated from adjacent contaminating 

fragments, primer-dimers and left-overs. The bands were identified by staining the gel with 0.003% ethidium 

bromide (0.02 μg/ml) for 10 min. The DNA bands of interest were cut from the gel by using a sterile scalpel on a 

UV light box. The excised agarose gel slices were placed in 1.5 ml microcentrifuge tubes. Gel mass was 

determined by first pre-weighting the tubes and then re-weighting the tubes with the excised gel slice. The PCR-

product was purified according to the manufacturer’s constructions (Wizard SV Gel and PCR Clean-Up System, 

Promega): 100 μl of Membrane Binding Solution were added to the microcentrifuge tube for every 100 mg 

agarose gel slice; to release the DNA, the agarose gel slices were dissolved by vortexing the microcentrifuge 

tubes briefly and by incubation at 60°C for 10 minutes with 3 times of vortexing during incubation; the DNA 
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was recovered on a high pure filter tube placed in a collection tube by centrifugation at maximum speed (13,000 

rpm) for 60 sec; after two washing steps by adding Membrane Wash solution combined with a centrifugation 

step of 1 and 5 minutes respectively, and additional spin for 1 minute was done to allow evaporation of any 

residual ethanol; thirty μl nuclease free water were added to the upper reservoir of the filter tubes and the tubes 

centrifuged 1 min at maximum speed (13,000 rpm) to collect the purified DNA (fig. 2). The concentration of the 

purified PCR-produkt was determined using an UV-spectrofotometer (Nanodrop-1000). 

 

  
Fig. 2 Purified PCR-products of ITS-region. 

 

Cloning of the PCR products: Preparation of Luria-Britani (LB) medium antibiotic plates was as follows: 15 g 

of agar were added to 1 liter LB medium (10 g bacto®-tryptone, 5 g bacto®-yeast extract, 5 g NaCl and 

deionsed water added to 1 liter), pH was adjusted to 7.5 with 10N NaOH and the solution was autoclaved at 

120ºC for 20 min. The container with the medium was cooled to 55ºC. Filter-sterilised ampicillin (100 mg 

dissolved in 1 ml ddH2O) was added to the LB medium and mixed. Thirty ml of this medium were poured into 

9-cm-diameter Petri dishes. The agar was left overnight to solidify and then stored for a maximum of 1 month at 

4ºC. Purified PCR-product was first made blunt by mixing 50ng PCR-product with 10µl 2X reaction buffer, 1µl 

DNA Blunting Enzyme and nuclease free water till a total volume of 18µl according to the manufacturer’s 

instructions (CloneJET PCR Cloning Kit, Fermentas Life Sciences). The blunt ended PCR-product was then 

ligated into pJET 1.2 Vector in the presence of 1µl pJET 1.2/blunt Cloning Vector and 1µl T4 DNA ligase. After 

an incubation at room-temperature for 30 min., the ligation mixture was used directly for bacterial 

transformation. 

 

Transformation: High efficiency competent cells (JM109 cells, >1x108cfu/μg DNA) were used for 

transformation. The procedure for the transformation of the competent cells with the prepared pJET1.2 Vector 

was as described by the Promega protocol (Protocols and Applications Guide, The Source for Discovery, 3th 

edition, Promega). The tubes containing the ligation reactions were centrifuged to collect the contents at the 

bottom of the tubes. Two μl of each ligation reaction were added to a sterile 12 ml microcentrifuge tubes on ice. 

High efficiency JM109 competent cells were removed from their –70°C storage place and placed in an ice bath 

until just thawed (about 5 min). The tubes were mixed by gently flicking. Because the cells are extremely fragile, 

50 μl of the cells were carefully aliquot into each tube containing 2 μl of ligation reaction. The tubes were mixed 

by gently flicking and placed on ice for 20 min. Then, the cells were heat-shocked for 45 to 50 sec at exactly 

42ºC in a water bath without shaking. The tubes were immediately placed on ice for 2 min. 950 μl SOC medium 
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(at room temperature) were added to the tubes containing the transformed cells. These tubes were incubated for 

1.5 h at 37ºC while shaked (150 rpm). Hundred μl of each transformation culture were plated onto a 

LB/antibiotic plate. The plates were incubated overnight at 37ºC. After incubation, the plates were checked: 

white (positive) colonies were observed in the samples. From each sample, 3 individual white colonies were re-

cultured in tubes containing liquid LB. With a sterile 1,000 μl tip, each colony was picked up and transferred to a 

tube containing 1,500 μl of liquid LB medium. These tubes were incubated at 37ºC while shaked (150 rpm) 

overnight. PCR was done using pJET-vector primers (pJET forward primer 5’-

CGACTCACTATAGGGAGAGCGGC-3’ and pJET reverse primer 5’-AAGAACATCGATTTTCCATGGCAG-

3’) on each cultured colony to control whether the correct product was ligated into the vector and transformation 

was successful (fig. 3). The PCR products were checked on an agarose gel after electrophoresis as described 

before. Only the colonies which produced a PCR band of approximately 1.2 Kb (PCR product of approximately 

1 Kb + part of the vector approximately 200 bp) were used for sequencing.  Before sequencing, the plasmid 

DNA was extracted from the transfomed bacterie cells by following the manufacturer’s instructions as described 

in the PureYield Plasmid Miniprep System (Promega): after centrifugation of the bacterial culture for 30s at 

maximum speed, the supernatant (LB-medium) was discarded; the bacterial pellet was resuspended in 600µl TE-

buffer, lysed using 100µl Cell Lysis Buffer and the suspension neutralised using 350µl cold Neutralisation 

Solution; after a centrifugation step at max speed for 3 min., the supernatant was transferred to a minicolumn 

which was placed into a collection tube; after another centrifugation step at max speed for 15s, the DNA was 

washed with 200µl Endotoxin Removal Wash solution and 400µl Column Wash Solution always followed by a 

centrifugation step at max speed for 15s; the minicolumn was transferred to a clean 1.5ml Eppendorf tube; 

finally 30µl Elution Buffer was used to elute the plasmid DNA during an incubation of 1 min. at room 

temperature followed by a centrifugation step at max speed for 15s. The microcentrifuge tube containing the 

eluted DNA was stored at -20°C. The concentration of the purified plasmid-DNA was determined using an UV-

spectrofotometer (Nanodrop-1000). 

 

 
Fig.3 Colony-PCR results of some colonies 

 

Sequencing: All samples were sent to a sequencing service for sequencing (Macrogen, South-Korea). Due to 

cycle sequencing and electrophoresis limitations, only about 700 bp can be sequenced. Therefore, from all the 

samples, both DNA-strands were sequenced by using one of the vector- primers to be able to construct the 

complete sequence of the cloned PCR products which are longer than 1 Kb. Next steps will be done in my lab in 
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Turkey as we were still waiting for the sequencing results. Software-package Chromas version 1.45 

(Technelysium, Helensvale, QLD, Australia) will be used to visualise the sequences on the computer. Both 

sequences from the same sample (forward sequence and inverted complementary of the reverse sequence) will 

be exported together in one text file in order to find the overlapping sequence. After removing this overlapping 

part in one of the sequences and the sequence parts belonging to the plasmid in both sequences, one complete 

sequence will be generated for each population and saved as a text file. ClustalX 2.0 (Thompson et al., 1997) 

will be used to make an alignment of all complete sequences together with the Heterodera populations 

sequences from GenBank. The alignement can than be imported into PAUP v. 4.0b10 program for phylogenetic 

analysis. We hope to present the results in a scientific article and at the future third ICCNI meeting in September 

2011 in China.  
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