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Molecular characterization of cereal cyst nematodes from the South
Anatolian Region in Turkey using ITS-rDNA sequences

Guney Anadolu Boélgesi Tahil kist nematodu populasyonlarinin
ribozomal DNA’nin ITS bolgesi sekanslanarak molekuler karakterizasyonu
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Summary

The Heterodera avenae group includes 12 species feeding on roots of cereals. Three species, Heterodera
avenae Wollenweber, 1924, Heterodera filipjevi (Madzhidov, 1981) Stelter, 1984 and Heterodera latipons Franklin,
1969 are among the most economically important cyst nematode pests of cereals cultivated in different parts of
Turkey. In this study, forty seven cereal cyst nematode isolates collected from cereal growing areas of the South
Anatolian Region of Turkey (Hatay, Kahramanmaras, Gaziantep, Kilis, Mardin and Adiyaman), were identified by
using sequence analysis of the Internal Transcribed Spacer region of the ribosomal DNA (ITS-rDNA). Based on
phylogenetic analysis using ITS-rDNA sequences, H. avenae, H. filipjevi, H. latipons and Heterodera ciceri Vovlas,
Greco & Di Vito, 1985 were identified. 76,5 % of the isolates were characterized as H. latipons, 13 % H. filipjevi, 8,5
% H. avenae and 2 % H. ciceri.
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Ozet

Tahil kist nematodlarinin (Heterodera avenae group) bugday koklerinde beslenen 12 farkl tirG
bilinmektedir. Turkiye’de bugday yetistiriciliginin yapildigi farkli alanlarda ekonomik olarak énemli tg¢ tir,
Heterodera avenae Wollenweber, 1924, Heterodera filipjevi (Madzhidov, 1981) Stelter, 1984 ve
Heterodera latipons Franklin, 1969 bulunmaktadir. Bu ¢alismada Glineydogu Anadolu Bélgesi (Hatay,
Kahramanmaras, Gaziantep, Kilis ve Mardin) bugday alanlarindan toplanan 47 adet Tahil kist nematodu
populasyonuna ait ribozomal DNA'nin transkripte olmayan (ITS-rDNA) boélgesi sekanslanarak molekdler
teshisi yapilmigtir. Filogenetik analiz sonuglarina gére, H. avenae, H. filipjevi, H. latipons ve H. ciceri
Vovlas, Greco & Di Vito, 1985 tanimlanmistir. Calismada kullanilan nematod populasyonunun % 76,5’i H.
latipons, %13’0 H. filipjevi, % 8,5’i H. avenae ve % 2’si Heterodera ciceri olarak saptanmistir.
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Introduction

The sedentary cereal cyst nematodes (Heterodera avenae group) have a global distribution and
cause significant economic yield losses in many countries of the world, in particular where rainfed cereal
production is practised (Nicol et al., 2004). The cereal cyst nematode (CCN) complex is a group of 12
valid species, with Heterodera avenae Wollenweber, 1924, Heterodera filipjevi (Madzhidov, 1981) Stelter,
1984 and Heterodera latipons Franklin 1969 considered as the most economically important species in
West Asia, North Africa and Mediterranean countries (Nicol & Rivoal, 2008). Heterodera avenae is the
most studied CCN species. It has several pathotypes and is found predominately on temperate cereals
(Nicol & Rivoal, 2008). Recent surveys of cereal fields in the Southeast Anatolian Plateau (SEA) and the
Central Anatolian Plateau (CAP) of Turkey showed that the three species are widely distributed in the
major wheat and barley cultivating areas, with H. filipjevi being common in CAP, while H. avenae and H.
latipons are dominant in the SEA (Abidou et al., 2005; imren et al., 2010). Yield losses caused by CCN
have been reported by Nicol (2002) ranged from 15 to 20 % in wheat in Pakistan, 40 to 92 % in wheat
and 17 to 77 % in barley in Saudi Arabia, and 20% in barley and 23 to 50 % in wheat in Australia.
Preliminary yield loss studies indicated yield losses due to H. filipjevi reaching 50 % in common in Central
Anatolian Region in Turkey (Nicol et al., 2005).

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) has become a preferred way for nematode identification
(Vrain et al., 1992; Wendt et al., 1993; Zijlstra et al., 1997). 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) and sequencing
based on ITS-regions of the rDNA repeat units have proven to be reliable tools for quick and precise
identification of many cyst nematode species and subspecies (Bekal et al., 1997; Subbotin et al., 1999,
2000; Rivoal et al., 2003; Madani et al., 2004; Abidou et al., 2005; Smiley et al., 2008).

The objective of this study was to identify cereal cyst nematode populations (Heterodera avenae
group species) originating from the South Anatolian Region (Hatay, Kahramanmaras, Gaziantep, Kilis,
Mardin and Adiyaman) of Turkey. This was done based on sequencing of the ITS-rDNA region, by
comparing the sequences obtained from the populations with those available in the GenBank database, and
by determination of the phylogenetic relationship between these populations and reference populations.

Materials and Methods
CCN populations

Forty six populations of the H. avenae group and Heterodera ciceri were analyzed in this study
from major barley and wheat-growing areas in six provinces in different locations in the South Anatolian
region of Turkey (Table 1). Two kg of soil was randomly collected from each visited field; and soil
samples were processed using a Kort elutriator (Kort, 1960). Extracted cysts were caught on a 250-ym-
pore sieve, picked up with a brush while using a stereomicroscope, air dried and kept at room
temperature for molecular work.
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DNA extraction

Of each Heterodera population, one to five juveniles from a single cyst were transferred to a drop
of water on a glass slide. Juveniles were cut into two or more pieces using a sterilized scalpel. A
suspension of 8 ul consisting of the nematode fragments in water was transferred to a 0.2 ml Eppendorf
tube containing 10 pl worm lysis buffer (final concentration: 50 mM KCI, 10 mM Tris-Cl pH 8.3, 1.5 mM
MgCly, 1 mM DTT, 0.45% Tween 20) and 2 pl of proteinase K (600 pg/ml). The tubes were stored at -
70°C for at least 10 min. After deep freezing, the lysate was incubated in a thermocycler (PTC-200
Biozym, Landgraaf, the Netherlands) at 65°C for 1 h. The tubes were incubated for 10 min at 95°C to
denature the proteinase K and subsequently centrifuged for 2 min at 13,000 rpm to collect the
supernatants (extracted DNA). Finally, the extracted DNA was cooled to 4°C and stored at -20°C.
Alternatively, DNA was extracted by transferring 1 cyst to a 0.5 ml Eppendorf tube containing 40pl ddH,0.
The cyst was broken manually with a pestle and the contents were further crushed using a micro-
vibromixer for 30 s. Before incubation, as for the DNA extraction for juveniles, 50ul of worm lysis buffer
(see earlier) and 10ul proteinase K (600 ug/ml) were added to each tube for a total volume of 100 pl.
Incubation and further procedures were the same as for juveniles (Subbotin et al., 2003; Tanha et. al.,
2003).

PCR amplification

PCR amplification of the ITS-rDNA region was done in 50ul reaction volume containing 23 pl
ddH20, 25ul 2X DreamTaq PCR Master Mix (Fermentas Life Sciences, Germany), 1uM of each forward
primer (5-CGTAACAAGGTAGCTGTAG-3’) and reverse primer (5-TCCTCCGCTAAATGATATG-3’)
(Ferris et al., 1994), and 1ul of DNA-extract. The PCR 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 extension step of 8 min at
72 °C. After PCR amplification, 5 pl of each PCR product was mixed with 1 pl of 6X 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 pg/ml) for 15 min, and
visualized and photographed under UV-light. The remaining PCR product was stored at —20°C until used
for electrophoresis (Subbotin et al., 2003; Tanha et. al., 2003).

Purification and cloning of the PCR products

The remainder of the PCR-product was loaded on a 1 % agarose gel in 1X TAE buffer.
Electrophoresis was done until the DNA band of interest separated from adjacent contaminating
fragments, primer-dimers and leftovers. The bands were visualized by staining the gel with 0.003%
ethidium bromide (0.02 pg/ml) for 10 min. Agarose gel slices with the DNA bands of interest were cut
from the gel on a UV light box by using a sterile scalpel and placed in 1.5 ml microcentrifuge tubes. The
PCR-product was purified from the gel slice according to the manufacturer’s instructions (Wizard SV Gel
and PCR Clean-Up System, Promega). Before cloning, the concentration of the purified PCR-product was
determined using a UV-spectrophotometer (Nanodrop-1000) (Subbotin et al., 2003; Tanha et. al., 2003).

Fifty nanograms of PCR-product was ligated into pGEM-T vectors and cloned into JM109 high
efficiency competent cells, according to the instructions provided by the manufacturer (Protocols and
Applications Guide, The Source for Discovery, 3th edition, Promega). After cloning, 3 individual white
colonies were removed and re-cultured at 37°C in tubes containing liquid LB at 37°C while shaking (150
rpm) overnight. PCR was done using pGEMT-vector primers (SP6 and T7) on each cultured colony to
check whether the PCR-product was ligated into the vector and transformation was successful. The PCR
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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 transformed bacteria cells by following the manufacturer’s instructions as described in
the PureYield Plasmid Miniprep System (Promega). The micro centrifuge tube containing the eluted DNA
was stored at -20°C. The concentration of the purified plasmid-DNA was determined using a UV-
spectrophotometer (Nanodrop-1000) (Subbotin et al., 2003; Tanha et. al., 2003).

Sequencing

All samples were sent to a sequencing service (Macrogen, South-Korea). Due to cycle sequencing
and electrophoresis limitations, only part of the PCR-product 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. The software-package
Chromas version 1.45 (Technelysium, Helensvale, QLD, Australia) was used to visualize the sequences
on the computer. Both sequences from the same sample (forward sequence and inverted complementary
of the reverse sequence) were exported together in one text file. After removing the overlapping part in
one of the sequences and the sequence parts belonging to the plasmid in both sequences, one complete
sequence was generated for each.

Phylogenetic analysis

For identification purposes, an alignment using ClustalX 2.0 (Thompson et al., 1997) was
constructed of all our sequences, together with representatives of all species of the H. avenae group, plus
some other Heterodera groups available in GenBank. As with Madani et al. (2004), Cryphodera brinkmani
(AF274418) and Meloidodera alni (AF274419) were also incorporated in the phylogenetic analysis. For
phylogenetic analysis; H. latipons (Iran, AF498382), H. hordecalis (Estonia, AY692356), H. filipjevi (Iran,
AY148404), H. ustinovi (Belgium, AY148407), H. pratensis (Russia, AY148351), H. australis (Australia,
AY148396), H. mani (United Kingdom, AY692357), H. avenae (India, AF274397), H. aucklandica (United
Kingdom, AY148380), H. arenaria (United Kingdom, AF274396), H. humuli (Iran, AF498384), H. schachtii
(Morocco, AY166436), H. ciceri (Syria, AY045758), H. goettingiana (Iran, AF498374) and H. filipjevi
(Turkey) were used. The alignment was imported into MEGAS and after checking 24 different nucleotide
substitution models, the model with the lowest BIC score (Bayesian Information Criterion) and HKY+G
(Hasegawa-Kishino-Yano with Gamma distribution), was retained for constructing a 60% consensus
Maximum Likelihood tree, and bootstrap values were calculated with 100 replicates (Figure 2). The
analysis involved 64 nucleotide sequences with a total of 771 positions in the final dataset.

Results and Discussion

Forty seven populations of cysts collected from six provinces in the South Anatolian Region of
Turkey were identified, based on sequences of their ITS-rDNA region (Table 1).

Results showed that 76,5 % of the isolates could be characterized as H. latipons, 13 % as H.
filipjevi, 8,5 % as H. avenae and 2 % as H. ciceri. Heterdera avenae, H. filipjevi and H. latipons samples
contained cysts belonged to the H. avenae group, except H. ciceri (sample 28). Cysts in this sample were
identified as H. ciceri, which represents a first record on chickpea in Adiyaman province in the South
Anatolian region. H. filipjevi was found in a limited area (Elbistan-Kahramanmaras) and in one sample in
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Senyurt-Mardin province. H. latipons was predominantly found in Hatay, Gaziantep, Kilis and Mardin
provinces in the same region. H. avenae was found in only Kilis, Hatay and Mardin.

Table 1. Origin and host plant of populations of Heterodera spp. in South Anatolia, Turkey, as well as their identification to species
level, based on sequencing of the ITS-rDNA region

Samples Location Province Host Species

1 Karkamig- Soylu Gaziantep Barley H. latipons
2 Karkamig- Kivircik Gaziantep Barley H. latipons
3 Karkamig- Turkyurdu Gaziantep Wheat H. latipons
4 Karkamig- Sinir Gaziantep Wheat H. latipons
5 Karkamig- Akgakody Gaziantep Wheat H. latipons
6 Karkamig- K.Esme Gaziantep Wheat H. latipons
7 Karkamig- Arikdere Gaziantep Barley H. latipons
8 Oguzeli - Yenikdy Gaziantep Barley H. latipons
9 Oguzeli — Devehoyugi Gaziantep Barley H. latipons
10 Oguzeli — Beskilic Gaziantep Barley H.latipons
11 Oguzeli - Karaman Gaziantep Barley H.latipons
12 Elbeyli- Akinci Kilis Barley H. latipons
13 Elbeyli- Inanli Kilis Barley H. latipons
14 Elbeyli- Yagizkéy Kilis Wheat H. latipons
15 Elbeyli- Ardicli Kilis Wheat H. latipons
16 Elbeyli- Besiriye Kilis Wheat H. avenae
17 Elbeyli- Cildiroba Kilis Wheat H. latipons
18 Elbeyli- Alahan Kilis Wheat H. latipons
19 Elbeyli- Sinir Kilis Wheat H. latipons
20 Reyhanli-Besaslan Hatay Wheat H. latipons
21 Reyhanli-Sinir Hatay Barley H. avenae
22 Reyhanli-Hacipasa Hatay Barley H. latipons
23 Reyhanli-Av suyu Hatay Barley H. latipons
24 Reyhanli-Bohgin Hatay Wheat H. latipons
25 Merkez-imece Hatay Wheat H. latipons
26 Merkez -1 Adiyaman Chickpea H. latipons
27 Merkez -2 Adiyaman Wheat H. latipons
28 Kahta Adiyaman Chickpea H. ciceri

29 Elbistan Blytikyapalak-1 Kahramanmaras Wheat H. filipjevi
30 Elbistan Blyukyapalak-2 Kahramanmaras Wheat H. filipjevi
31 Elbistan Kiiglikyapalak-1 Kahramanmaras Wheat H. filipjevi
32 Elbistan Kiiglikyapalak-2 Kahramanmaras Wheat H. filipjevi
33 Elbistan Merkez Kahramanmaras Wheat H. filipjevi
34 Caglayancerit Kahramanmaras Wheat H. latipons
35 Nusaybin-Akinci Mardin Barley H. avenae
36 Nusaybin-Sulak Mardin Wheat H. latipons
37 Nusaybin-Kiziltepe-1 Mardin Wheat H. latipons
38 Nusaybin- Kiziltepe-2 Mardin Barley H. latipons
39 Nusaybin- Kiziltepe-3 Mardin Barley H. avenae
40 Nusaybin- Kiziltepe-4 Mardin Wheat H. latipons
41 Afsin-Merkez Kahramanmaras Wheat H. filipjevi
42 Senyurt-Atakdy Mardin Wheat H. latipons
43 Senyurt-Sinir Mardin Wheat H. latipons
44 Senyurt-Senyurt Bati Mardin Wheat H. latipons
45 Senyurt — Merkez Mardin Wheat H. latipons
46 Senyurt — Merkez Mardin Wheat H. latipons
47 Karkamig- Onciiler Gaziantep Wheat H. latipons
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DNA extraction from some of the juveniles of the cyst resulted in useful DNA | for PCR. This first
method has the advantage of using only part of the cyst's content. In this way, juveniles from the same
cyst can still be used for other purposes like morphological identification or culturing. The second method
is preferable when no experiments, except molecular ones, are planned; it uses the whole cyst and
produces a higher amount of DNA. Moreover, the latter method is faster, as no juveniles need to be
separated from the cyst. Either way, PCR resulted in fragments of approximately 1kb (Figure 1) which
could be purified and used for cloning and sequencing.
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Figure 1. The PCR products of juveniles of 47 populations with 1200 bp DNA bands. M: 100 bp DNA ladder, C: Negatif Control. The
codes correspond with those in Table 1.

Based on phylogenetic analysis using ITS-rDNA sequences, the populations from Hatay were
identified as H. avenae and H. latipons, those from Gaziantep as H. latipons, those from Kilis as H.
avenae and H. latipons, from Kahramanmaras as H. filipjevi and H. latipons; from Mardin as H. avenae
and H. latipons, and from Adiyaman as H. latipons and H. ciceri.

Most of the samples formed distinct groups with one of the Heterodera sequences included from
GenBank, supported by a moderate to high bootstrap value. Population 28 was most closesly related to
H. ciceri (bootstrap value 67%). Populations 31, 32, 33, 34 and 44 grouped together with H. filipjevi
(bootstrap value 97%). Populations 16, 21, 35, 38, 39?7 and 42 clustered together with Heterodera
arenaria Cooper, 1955, H. avenae, Heterodera aucklandica Wouts & Sturhan, 1995 and Heterodera mani
Mathews, 1971 (bootstrap value 62%). All other samples were grouped together with H. latipons
(bootstrap value 96%).
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Figure 2. Phylogenetic relationships between nematodes inferred from partial nucleotide sequences of the acting gene using
maximum parsimony. Populations from South Anatolia are designated with a code described in Table 1.

The ‘latipons’-group was distinct from the other H. avenae group representatives, supported by
bootstrap values of 96 and 97%, respectively. Wouts and Sturhan (1995) considered H. /atipons and
Heterodera hordecalis Andersson, 1975r as a separate species complex within the H. avenae group. Our
findings suggest a separate ‘latipons’-group as H. hordecalis seems to be more closely related to the
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other members of the avenae group than to the ‘latipons’- group. Adding more GenBank populations of H.
latipons and H. hordecalis that were originally isolated from different geographical sources did not change
the overall topology of the tree (data not shown). The ‘latipons’-group further displays three subgroups
supported by bootstrap values of 96, 63 and 92%. However, these groups do not correspond with host or
geographical location. Some of the H. latipons and H. filipjevi, samples could not be identified;
indisputably 16, 21, 38 and 42 grouped together with different Heterodera species. These species, with
the exception of H. avenae, have never been reported from the South Anatolia region of Turkey. As
expected, most of the samples belong to the H. avenae group and it is clear that H. latipons is the
dominant species. Only one sample (28) falls outside the avenae group and is probably H. ciceri. This
would be the first record on chickpea in Adiyaman province in the South Anatolian region although
morphological studies should also be performed.

CCN is the most important pathogen of wheat and other cereals in Turkey and it has adverse
effects on the production and quality of wheat. Three species of cyst-forming nematodes belonging to the
Heterodera avenae group were identified from cereal fields in Turkey; H. avenae, H. filipjevi and H.
latipons. H. filipjevi and H. latipons are the most prevalent species in cereal fields (Abidou et al., 2005;
imren et al., 2010; 2011). H. avenae was reported from Turkey by Yiiksel (1973), Subbotin et al. (2003)
and Abidou (2005) by using only single samples for identifications. H. latipons is widespread in the South
Anatolian region, while H. filipjevi is present in most wheat growing areas of the Central Anatolian Plateau
(imren et al., 2011; Sahin et al., 2009). This study highlights the ecoregional distribution of CCN in the
South Anatolian region. H. filipjevi was predominantly found at higher altitudes in these regions, H.
avenae was predominantly found in the eastern Mediterranean region, while H. latipons was the most
prevalent species in the spring wheat area of the South Anatolian region of Turkey. Further
comprehensive surveys in these regions are needed, such as mapping population densities in order to
define potential economic damage rates and determining more accurately the distribution patterns of
CCN.
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