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Abstract
Peng, H., Qi, X., Peng, D., Long, H., He, X., Huang, W., and He, W. 2013. Sensitive and direct detection of Heterodera filipjevi in soil and wheat

roots by species-specific SCAR-PCR assays. Plant Dis. 97:1288-1294.

Cereal cyst nematodes are the most important plant-parasitic nema-
todes on cereal crops in wheat producing areas of the world. Het-
erodera filipjevi was first reported in China in 2010. In this study, spe-
cies-specific sequence characterized amplified region—polymerase
chain reaction (SCAR-PCR) assays for detection and identification of
H. filipjevi from infected wheat roots and soil were developed. The
species-specific primers were designed according to the randomly
amplified polymorphic DNA (RAPD) markers amplified with random
primer OPK16. A 646-bp specific fragment of sequence was generated,

which characterized amplified regions in H. filipjevi. The detection
limitation of the PCR assay was as low as 0.125 ul second-stage juve-
nile (J2) lysate, 3.9 x 1073 pl adult female lysate, and 10-3 pl cyst ly-
sate. The method was able to detect the various stages (J2, J3, J4, and
female) of H. filipjevi, and a single of nematode in 0.5 g of soil. H.
filipjevi was detected by the method in two of six field samples, and
one of those samples contained a mixed population of H. filipjevi and
H. avenae. This study is the first to provide a definitive diagnostic
assay for H. filipjevi in wheat roots and soil.

Cereal cyst nematodes (CCN) consist of a group of 12 closely
related species of Heterodera that are considered to be the most
economically important plant parasitic nematode of cereal crops in
several parts of the world (33). Three species (H. avenae, H. filip-
Jjevi, and H. latipons) are the most commonly reported species in
cultivated cereals (21). H. avenae is a pathogen of cereal crops
worldwide and causes significant economic yield losses in many
countries. H. filipjevi was first reported in Tadjikistan by Ma-
dzhidov (20), and has now been reported in Asia, Europe, and the
United States (12,13,15,28,32,38). This species is now considered
to be an important pest of cereals worldwide. In Turkey, significant
yield losses (average 42%) in several rain fed winter wheat loca-
tions have been reported. In Iran, under microplot field trials, yield
losses of 48% were found on common winter wheat over two
wheat seasons (10,22-24). H. filipjevi was recently found in six
locations in the Henan Province in China (28).

H. filipjevi is closely related to H. avenae and has minor mor-
phological characteristics that differentiate it from H. avenae
(11,34,38). The traditional identification of H. filipjevi based on
morphology and morphometric characteristics is time-consuming.
The use of isozyme analysis and molecular methods for the
identification of H. filipjevi has increased, as these methods are fast
and can be more accurate than the traditional method. However,
isozyme analysis is only performed with white females, not single
second-stage juveniles (J2), males, or cysts (2,6). Polymerase chain
reaction (PCR) restriction fragment length polymorphism (RFLP)
based on the internal transcribed spacer (ITS) region of the
ribosomal repeat unit assay has been used extensively for diagnosis
and characterization of H. filipjevi (4,8,19,33-36,39). Restriction
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enzyme Pstl clearly differentiated H. filipjevi from other members
of the H. avenae group (34). Two types of RFLP patterns
generated by Cfol have been obtained from different populations
of H. filipjevi (33). Yan and Smiley (39) used PCR-ITS-RFLP with
up to six restriction endonucleases (Tagl, Hinfl, Pstl, Haelll, Rsal,
and Alul) to differentiate H. filipjevi from H. avenae. Although the
ITS regions are very useful for species identification, poly-
morphism occurs between rDNA repeats within one species,
resulting in different RFLP patterns which can overlap with the
RFLP pattern for another species (37).

DNA fingerprinting by random amplified polymorphic DNA
(RAPD) is another powerful PCR-based technique that has been
applied successfully to the identification and estimation of molecu-
lar genetic diversity in various nematode species, including Hez-
erodera spp. (18,31). The method has been employed to dis-
tinguish between H. cruciferae and H. schachtii (7). By comparing
the patterns obtained from RAPD, species-specific fragments can
be identified and used to design species-specific primers. These
primers are used to generate the sequence characterized amplified
region (SCAR) (27). SCAR-PCR analysis is a rapid and reliable
technique and has been used successfully to distinguish the species
Globodera rostochiensis, G. pallida (9), and H. glycines (26).
SCAR markers have also been developed to distinguish between H.
avenae and other cyst forming nematodes (30).

The aim of this work was to develop a species-specific PCR as-
say to facilitate the detection and identification of H. filipjevi from
wheat roots and soil. This study demonstrated that this is a poten-
tially valuable method for early detection and monitoring of H.
filipjevi infection in the field.

Materials and Methods

Nematode populations. Nine populations of H. filipjevi and
nine other nematode species were used in this study (Table 1). The
cysts were stored at 4°C for 6 weeks, and then placed in water at
16°C. Hatched J2s were collected using sieves daily and stored at
4°C. Ten core subsamples of 10 to 20 cm deep were taken by spade
from infected wheat fields of 0.5 to 1 ha. Combined, those subsam-



ples made one composite sample to represent the wheat roots. A
total of 15 root samples were collected from wheat-growing areas
of Beijing, Henan, and Shandong Provinces.

DNA extraction. Nematode genomic DNA extraction was as
described in Ou et al. (26). Wheat tissue samples were triturated in
liquid nitrogen, and DNA was extracted by the phenol chloroform
method (29). Total DNA was extracted from artificially inoculated
soil and field soil using the Power Soil DNA Isolation Kit (MoBio,
Carlsbad, CA) according to the manufacturer’s recommendations.
All of the DNA templates were quantified using the NanoDrop
ND-1000 Spectrophotometer (Thermo Fisher Scientific Inc.,
Wilmington, DE).

RAPD-PCR analysis and SCAR primer design. Ten random
primers were used for amplifying and analyzing specific fragments
of H. filipjevi (Table 2). Amplification reactions were carried out in
total volumes of 25 ul containing 2.5 ul 10x PCR buffer, 2.0 pl 2.5
mM dNTPs, 1 U r7Tag DNA polymerase (TaKaRa, Dalian, China),
50 ng primer, and 1 pl nematode template DNA. For RAPD ampli-
fications, the thermocycler was programmed for 4 min at 94°C;
followed by 10 cycles of 30 s at 94°C, 30 s at 35°C, and 1 min at
72°C, and 30 cycles of 30 s at 94°C, 1 min at 37°C, and 1 min at
72°C; with a final extension at 72°C for 10 min. Control reactions
without template DNA were included to avoid misinterpretations
of the RAPD patterns due to artifacts. The PCR products were
separated by electrophoresis on a 1% agarose gel, stained with
ethidium bromide, visualized and photographed under UV-light

(Bio-Rad DX, USA). All reactions were repeated three times and
always included negative (no template DNA) controls. A RAPD
fragment of H. filipjevi obtained with OPK16 was extracted from
the gel, purified, and cloned into the PMDI18-T simple vector
(TaKaRa). Sequencing of the inserts was performed by TaKaRa
Biotechnology. Specific SCAR primers pairs HfF1 and HfR1 (Ta-
ble 2) were designed using Primer 5.0, and the initial sequences are
the RAPD primer OPK16 sequence.

Species-specific amplification. Nine populations of H. filipjevi
and seven populations of other cyst nematodes were selected to test
specificity (Table 1). SCAR amplification reactions were per-
formed in 50-pl reaction volumes containing 5 pl 10x PCR buffer,
10 mM dNTPs, 2 U rTag DNA polymerase (TaKaRa), 1 ul tem-
plate DNA, 20 pM each of forward and reverse primers (HfF1 and
HfR1) plus sterile distilled water to a total volume of 50 ul. The
amplification was carried out in an Eppendorf Mastercycler Gradient
thermocycler, with the following cycling profile: 4 min at 94°C;
followed by 35 cycles of 30 s at 94°C, 30 s at 56°C, and 1 min at
72°C; with a final extension at 72°C for 10 min. The PCR product’s
purification, cloning, and sequencing was as described above.

Sensitivity of specific primers. For the sensitivity test, the ge-
nomic DNA of single J2s, adult females, and cysts of H. filipjevi
were serially diluted in twofold, fourfold, and 10-fold increments
with sterile distilled water, respectively. Different dilutions of ge-
nomic DNA were separately detected by specific primers and were
repeated three times.

Table 1. Cyst and other nematode populations studied and polymerase chain reaction (PCR) amplified products obtained during testing of the specific

sequence characterized amplified region (SCAR) marker combinations

Code Species name Population origin Plant host SCAR
Hf1 H. filipjevi Xuchang County, Xuchang, Henan, China Triticum aestivum +
Hf2 H. filipjevi Banpopu County, Xuchang, Henan, China Triticum aestivum +
Hf3 H. filipjevi Fudaoxiang, Tangyin, Henan, China Triticum aestivum +
Hf4 H. filipjevi Fudaoxiang, Tangyin, Henan, China Triticum aestivum +
Hf5 H. filipjevi Yuguosi county, Weihui, Henan, China Triticum aestivum +
Hf6 H. filipjevi Yuguosi county, Weihui, Henan, China Triticum aestivum +
Hf7 H. filipjevi Tabuk Population Saudi Arabia Triticum sp. +
Hf8 H. filipjevi Khuzestan Province Iran Triticum sp. +
Hf9 H. filipjevi Markaz Province Iran Triticum sp. +
Hal H. avenae Yiyang, Taian, Shandong, China Triticum aestivum -
Ha2 H. avenae Linxia, Gansu, China Triticum aestivum -
Hgl H. glycines Qingyundian, Daxing, Beijing, China Glycine max

Hg2 H. glycines Tongwei, Gansu, China Glycine max

Hgol H. goettingiana Hubei, China Glycine max -
Hel H. elachista Changsha, Hunan, China Oryza sativa -
Hi1 H. latipons Saudi Arabia Triticum sp. -
Dd1 Ditylenchus destructor Tongshan, Jiangsu, China Solanum tuberosum -
Rsl1 Radopholus similis Haikou, Hainan, China Pandanus utilis -
2 + Indicates the presence of amplified fragment; — indicates the absence of amplified fragment.

Table 2. Codes and sequences of primers

Primer name Sequences (5'->3") Usage Reference
OPA02 TGCCGAGCTG RAPD primer (26)
OPAO03 AGTCAGCCAC

OPA06 GGACCCTGAC

OPA09 GGGTAACGCC

OPA13 CAGCACCCAC

OPA18 AGGTGACCGT

OPB15 GGAGGGTGTT

OPC06 AAGACCCCTC

OPD13 GGGGTGACGA

OPGO06 GTGCCTAACC

OPGO8 TCACGTCCAC

OPK16 GAGCGTCGAA

HfF1 CAGGACGAAACTCATTCAACCAA H. filipjevi—specific primers This study
HfR1 AGGGCGAACAGGAGAAGATTAGA

HaF1 TGACGAGAACATATGATGGGGATGAT H. avenae—specific primers (30)
HaR1 GAGGGGGTGGGAATGAAATGGAT

TW81 GTTTCCGTAGGTGAACCTGC ITS universal primers (14)
AB28 ATATGCTTAAGTTCAGCGGGT
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Direct detection of H. filipjevi from artificially inoculated
wheat roots and soil. Wheat, Triticum aestivum * Wenmai 19’,
was cultured in a glasshouse in 300 cm® volume pots containing
autoclaved soil. Four seeds were planted into each pot, and 1,000
J2s of H. filipjevi were inoculated into the soil near the wheat roots
of 6-day-old seedlings. Pots were incubated at 16°C for the first
week and then 22°C for the remaining growth period, as described

by Long et al. (16,17). Wheat roots were treated with sterile
distilled water as a negative control. Wheat roots were collected at
5, 10, 30, and 40 days after inoculation (DAI); at each time period
a portion of the wheat roots were stained by acid fuchsin (5) and
observed under the microscope, and the other part was used to
extract DNA as described above. Every sample was repeated five
times. The PCRs were the same as those employed for the SCAR-

Table 3. Detection of Heterodera filipjevi from naturally infected wheat roots and soil using sequence characterized amplified region (SCAR) marker

Roots (5-cm segments) Soil

Field Nematode SCAR Nematode SCAR

samples Location density? (detections/trial) ITS-RFLPP density® (detections/trial) ITS-RFLPP
DXBIJ Qingyudian, Daxing, Beijing 7+3 0/10 - 4 0/5 -
TYHN Fudaoxiang, Tangyin, Henan T+4 7/10 + 7 3/5 +
XCHN Banpopu, Xuchang, Henan 11+2 9/10 + 5 3/5 +
ZZHN Zhengzhou, Henan 9+2 0/10 - 3 0/5 -
FCSD Feicheng, Shandong 12+5 0/10 - 7 0/5 -
ZBSD Linzi, Zibo, Shandong 4+2 0/10 6 0/5 -

2 Numbers of Heterodera spp. were counted after being stained by acid fuchsin in 5-cm-long root segments.

b Sample was infested by a mixed population of H. filipjevi and H. avenae as determined by using internal transcribed spacer restriction fragment length
polymorphism (ITS-RFLP) with Tagl. + Indicates the presence of the H. filipjevi—specific fragment; — indicates the absence of the H. filipjevi—specific
fragment.

¢ Numbers of Heterodera spp. were counted after Baermann funnel extraction for 24 h from 200 g of soil.

M Hf1 Hf2 Hf3 Hf4 Hf5 Hf6 Hf7 Hf8 Hf9 Hal Ha2 Hg1 Hg2 He1l HI1 Hgo1 Rs Dd CK
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Fig. 1. Random amplified polymorphic DNA (RAPD) patterns of 18 populations of nematodes using primer OPK16. Hf, Heterodera filipjevi; Ha, H. avenae; Hg, H. glycines;
He, H. elachista; HI, H. latipons; Hgo, H. goettingiana; Rs, Radopholus similis; Dd, Ditylenchus destructor; M, DL 2,000 DNA marker; CK, negative control.

Hf2 Hf3 Hf4 Hfs5 Hf6 Hf7 Hf8 Hf9 Hal Ha2 Hg1 Hg2 HI1 Hel Hgol CK
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Fig. 2. Amplification products obtained by sequence characterized amplified region (SCAR) primers for Heterodera filipjevi and other related nematode populations. Hf,
H. filipjevi; Ha, H. avenae; Hg, H. glycines; Hl, H. latipons; He, H. elachista; Hgo, H. goettingiana; M, DNA marker DL 2,000; CK, negative control.
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PCR above, except that 40 cycles and plus 1 pl of BSA were used.
Meanwhile, in order to ensure that the DNA templates were
working, the ITS fragments of H. filipjevi were amplified from all
samples with the primer set of TWS81 and AB28 (Table 2). In
addition, 1, 2, 3, 4, or 5 J2 of H. filipjevi were picked and placed
into 2-ml tubes with 0.5 g of autoclaved soil. Autoclaved soil alone
served as the negative control. The genomic extraction and PCR
detection were as described above.

Direct detection of H. filipjevi from naturally infested wheat
roots and soil. Wheat roots and soil samples collected from six
fields infested with cereal cyst nematodes in Henan, Shandong, and
Beijing Provinces were used to test for H. filipjevi using SCAR-
PCR assay and ITS-RFLP with Tagl (Table 3). Wheat roots were
carefully cleaned with distilled water. Ten wheat roots (5 cm each)
were randomly selected from each sample, and 0.5-g soil samples
(repeated five times) were taken from each completely mixed sam-
ple. Genomic DNA extraction and PCR detection were as de-
scribed above. Results were confirmed by both ITS-RFLP assay as
described by Yan and Smiley (39) and H. avenae—specific primers
HaF1 and HaR1 (Table 2) as described by Qi et al. (30). As a com-
parison, numbers of Heterodera sp. were counted from roots (10
roots, 5 cm each root) and 200 g of soil using acid fuchsin staining
and after extraction using the Baermann funnel, respectively.

Results

RAPD-PCR analysis. In the RAPD-PCR with the 10 primers,
four primers (OPK16, OPA02, OPA03, and OPA09) produced clear
bands from template DNA of all H. filipjevi populations. Other
primers produced either complex RAPD patterns or none. Because
OPK16 produced RAPD patterns with bands that clearly distin-
guished H. filipjevi from other cyst forming nematodes, OPK16 was
subsequently tested on the populations listed in Table 1 (Fig. 1).

Design of specific primers and species-specific amplification.
The species-specific fragment of H. filipjevi obtained with OPK16
was sequenced and submitted to GenBank (KC529338). The spe-
cific SCAR primer pairs (HfF1 and HfR1) were designed accord-
ing to the result of SCAR sequences (Table 2). The species-specific
646-bp fragment was amplified from nine H. filipjevi populations.
No amplification could be obtained from other species of cyst
nematodes, including H. avenae, H. glycines, H. goettingiana, H.
elachista, and H. latipons (Fig. 2).

Sensitivity detection. Three developmental stages of H. filipjevi
(J2s, adult females, and cysts) were used to determine the sensitiv-
ity of species-specific primers. As shown in Figure 3, the minimum
detection concentration required for the SCAR assay is 0.125 ul J2
lysate with 40 PCR cycles, 3.9 x 10~ pl adult female lysate, and
1073 pl cyst lysate with 35 PCR cycles. No amplification was ob-
served in no-template and lower template concentrations.

Direct detection of H. filipjevi from artificially inoculated
wheat roots and soils. For the inoculated wheat roots, 646-bp
specific bands were found at 5, 10, 30, and 40 DAI (Fig. 4A).
Additionally, 1,054-bp ITS fragments were produced from all of
the inoculated wheat roots; BLAST results showed that these ITS
sequences were the same as those of H. filipjevi. Microscopic ob-
servations showed that H. filipjevi developed as parasitic J2, third-
stage (J3), fourth-stage (J4) juveniles, and adult females at 5, 10,
30, and 40 DAL, respectively (Fig. 4B). Thus, these results demon-
strated that this is a useful detection method for these developmen-
tal stages of H. filipjevi. Additionally, the PCR-SCAR assay can
accurately detect one juvenile in a 0.5-g soil sample (Fig. 4C). No
bands were generated from noninoculated wheat roots and auto-
claved soil using the PCR-SCAR assay.

Direct detection of H. filipjevi from naturally infested wheat
roots and soil. Positive results were obtained using SCAR and
ITS-RFLP in TYHN and XCHN, with detection rates of 70%
(7/10) and 90% (9/10), respectively. However, the 1,010-bp frag-
ment was also produced from TYHN samples using H. avenae—
specific primers, and a 370-bp H. filipjevi—specific band and a 400-
bp H. avenae—specific band were obtained from TYHN samples by
ITS-RFLP with Tagl, suggesting that the TYHN sample contained

mixed species of cereal cyst nematodes. No amplifications were
observed in the remaining four samples (DXBJ, ZZHN, FCSD, and
ZBSD) by PCR-SCAR assay; however, 1,010-bp fragments were
generated from these samples using H. avenae—specific primers,
and 400-bp H. avenae—specific marker was also observed in these
samples using ITS-RFLP with Tagl (Table 3), indicating that these
samples contained only H. avenae.

Discussion

The cereal cyst nematode, H. filipjevi, is an important worldwide
pest of cereals and was recently found in North China (28). The
nematode is closely related to H. avenae, and these two species
have very small differences in both morphology and ITS sequence
features (1,4,8,33,34,36,39). The major morphological differences
between H. filipjevi and H. avenae are the underbridge and bullae
in the vulval cone (33,34,39). Morphological identification is un-
reliable even when done by skilled researchers, and these morpho-
logical differences are not suitable for use by technicians with
limited professional knowledge.

Molecular techniques can help with species identification, but
those used until now have limitations. PCR-RFLP sometimes
needs combinations of expensive restriction enzymes. Due to poly-
morphisms and because of limitations of the technique itself, it
remains difficult to distinguish among Heterodera species; more-
over, these techniques are time-consuming and laborious. Therefore,
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Fig. 3. Sensitivity assessment of the sequence characterized amplified region
(SCAR) marker for the detection of Heterodera filipjevi: A, performed with serial
dilution of DNA from a single second-stage juvenile of H. filipjevi (1, 1/2, 1/4, 1/8,
1/16, 1/32, 1/64 per reaction); B, performed with serial dilution of DNA from a single
female of H. filipjevi (1, 1/4, 1/16, 1/64, 1/256, 1/1024, and 1/4096 per reaction);
C, performed with serial dilution of DNA from a single cyst of H. filipjevi (1, 107",
1072, 107,107, 1075, and 1078 per reaction). M, DL 2,000 DNA size marker.
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we developed a diagnostic assay using SCAR markers as an al- The SCAR assay for H. filipjevi has excellent specificity and
ternative to current detection assays. A pair of primers (HfF1 and sensitivity, and is rapid. Blast results showed that the sequence of
HfR1) were designed from the species-specific RAPD fragment the selected OPK16 RAPD fragment had no similarity with any
and successfully used to detect H. filipjevi in plant tissue and known sequences in the NT and NR databases; the RAPD se-

soil. quence was specific to H. filipjevi. Our results showed that H. filip-
SCAR ITS
A M 5d 10d 30d 40d CK M 5d 10d 30d 40d CK
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250bp
100bp
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500bp
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Fig. 4. Amplification products from inoculated wheat roots with sequence characterized amplified region (SCAR) marker and internal transcribed spacer (ITS) primer:
A, performed at four different times (days) after inoculation with Heterodera filipjevi (5, 10, 30, and 40 days) using SCAR marker and ITS primer; noninoculated roots as the
control; B, H. filipjevi developing in wheat roots at 5, 10, 30, and 40 DAI (stained); C, detection of H. filipjevi from 5, 4, 3, 2, and 1 J2s in 0.5 g of soil; autoclaved soil as the
control (CK). M, DL 2,000 DNA size marker. Bar = 20 um.
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Jjevi differed from H. avenae, H. latipons, H. glycines, H. elachista,
and H. goettingiana using the SCAR marker, which was based on
the specific RAPD sequence. Additionally, the SCAR assay was
sensitive enough to detect at least 1/160th of a juvenile, 1/5120th
of a female and 5 x 10 of a cyst, demonstrating the very high
sensitivity of the assay. This sensitivity compares well with previ-
ous studies. Qi et al. (30) reported that the sensitivity of specific H.
avenae SCAR marker was 1/80th of a juvenile and 5 x 107 of a
cyst. The SCAR method has many advantages compared with the
ITS-RFLP method. Subbotin et al. (33) showed that digestion with
Rsal and Alul allowed separation of H. filipjevi from the European
H. avenae populations (type A) and the three French populations
(type A+B) but did not separate H. filipjevi from the Indian popula-
tion (type B). Yan and Smiley (39) reported that H. filipjevi and H.
avenae can be distinguished by PCR-RFLP using six restriction
enzymes; however, PCR-RFLP produced many bands which are
difficult to visualize. The RFLP assay also sometimes needs
combinations of expensive restriction enzymes and is time-
consuming. In contrast, we can obtain clear results within 3 h by
the SCAR method.

In order to determine which life stages of H. filipjevi could be
effectively detected in the root by SCAR-PCR, PCRs were per-
formed using template DNA from individual wheat roots at 5, 10,
30, and 40 DAI, which spans the entire period of morphological
development of these nematodes (parasitic J2s, J3s, J4s, and adult
females). The results indicated that H. filipjevi could be detected at
all stages of development in wheat roots. Positive PCR amplifica-
tions were performed in all samples tested, including each of the
five repetitions. Thus, this study showed the assay can serve as a
detection tool to diagnose early nematode infection in the plant
root at stages where there is absolutely no visual indication of in-
fection.

The SCAR-PCR assay can detect one juvenile in 0.5 g of soil,
equating to 2,000 juveniles/kg of soil. Lower numbers of nema-
todes were not examined, and no band was generated from the
noninoculated soil sample. This sensitivity compares well with
findings reported by other researchers. Ophel-Keller et al. (25)
detected fewer than one egg of H. avenae per gram of soil by real-
time PCR. Yan et al. (40) were also able to detect single juveniles
of Pratylenchus neglectus and P. thornei per gram of soil, and At-
kins et al. (3) detected 30 juveniles of Nacobbus per gram of soil.
More importantly, the detection sensitivity obtained in the present
study was lower than the economic threshold level for H. filipjevi.
Hajihasani et al. (10) showed that a density of five H. filipjevi eggs
or juveniles per gram of soil or fewer caused a loss of about 10%
of wheat yield. Consequently, this method will not only be of use
to detect and monitor H. filipjevi, but also will be useful for
assessing disease risk and recommending management strategies.
In the present study, the approach was successfully used for
detection of H. filipjevi in naturally infested field samples, includ-
ing wheat roots and soil, indicating the high potential of this
method. H. filipjevi was detected in two of six samples, and the
rates of positive results were 70 and 90% from wheat roots in two
locations (Tangyin and Xuchang) in Henan Province by the SCAR
assay. Although we counted the number of nematodes in a part of
the roots equal to that used for the SCAR assay, we cannot be cer-
tain that the roots from which DNA was extracted had the same
numbers of nematodes. For the sample from Xuchang, where H.
filipjevi in China was first reported, there was no amplification by
SCAR and ITS primer in one of 10 roots, indicated that not all
roots in an infected sample may contain nematodes. In samples
from Tangyin, H. filipjevi was not detected in three out of 10 roots,
but H. avenae was detected using ITS-RFLP and H. avenae—spe-
cific primers; thus, the samples from Tangyin were infected by a
mixed population of H. filipjevi and H. avenae. This is the first
report of the existence of cereal cyst nematodes, including H. filip-
jevi and H. avenae, near Tangyin in Henan Province. In compari-
son with plant samples, the number of positive results was less in
both of the soil samples (60%). The samples were collected in May
2012, when cereal cyst nematodes would have hatched and invaded

the plants and developed to J4 and female stages; at that time, only
a few juveniles and adult males would remain in the soil. Addition-
ally, in this study, DNA was extracted from 0.5 g of soil using a
commercial kit, and although the samples were thoroughly mixed,
the nematodes may not have been selected because the size of the
samples was too small. Thus, in order to avoid the risk of nonde-
tection, multiple repeat examinations for field samples will be
necessary.

In the present study, we report for the first time a H. filipjevi—
specific PCR-SCAR assay and its use to detect the nematode di-
rectly from plant tissue and soil. The assay is a sensitive, practical,
and rapid technique for the detection of H. filipjevi and has the
potential to be used for early detection and monitoring of H. filip-
Jevi infestation in the field.
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