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Summary. Restriction profiles and sequences of the ITS region of Chinese populations of Heferodera
glycines and H. avenae are given. In H. glycines, heterogeneity was detected after restriction of the PCR
product with Aval. This is the principal identification enzyme for this species, and usually yiclds four
fragments of 552, 478, 367 and 112 bp. Restriction of the PCR product from the Chinese H. avenae
population by Hinfl and Tru9l produced RFLP profiles that differentiated it from other cereal cyst

nematode populations.
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The soybean cyst nematode, Heferodera glycines
Ichinohe, 1952, was identified occurring in China
during the late 19th century. It is distributed in
more than ten provinces from North to Southeast
China and is the major pathogen of soybean,
especially in the northern and north-eastern
provinces (Liu et al., 1997). Several biological ra-
ces that differ in their pathogenicity have been
reported from China (Chen ef al., 1987). The ce-
real cyst nematode, H. avenae Wollenweber, 1924,
is one of the major nematode pathogens affecting
wheat in China. It was reported for the first time
in China in 1989 and subsequently it has been
found in 26 regions, and eight provinces or cities
including Hubei, Beijing, Hebei, Henan, Inner
Mongolia Autonomous region, Qinghai, Shanxi,
and Anhui (Chen ef al., 1989; Wang ef al.,, 1991;
Zheng ef al., 1996; Peng & Moens, 2000). Patho-
types of this nematode occurring in China are dif-
ferent from those reported from Europe and Aus-
tralia (Peng & Cook, 1996; Zheng et al., 1997).

Accurate and rapid identification of species and
pathotypes of cyst nematodes is required for im-
plementing appropriate control methods. Tradi-
tional species diagnosis based on the meorphology

and morphometrics of cysts and juveniles is time
consuming and requires taxonomic expertise.
rDNA diagnostics provide an alternative solution
to overcome problems associated with the tradi-
tional identification of cyst forming nematodes
(Ferris et al, 1993; Thiéry & Mugniéry, 1996;
Bekal ef al., 1997; Szalanski ef al., 1997; Blok ef
al., 1998; Subbotin et al., 1997; 1999; 2000). The
objective of this study was to characterise Chinese
Heterodera glycines and H. avenae populations
based on RFLPs and sequences of their rDINA-
ITS regions.

MATERIALS AND METHODS

Nematode populations. The H. glycines popula-
tions used in this study were from Luobei, Jiamusi,
and Haerbin from Heilongjiang Province, Shen-
yang from Liaoning Province, Taigu, and Yuanqu
from Shanxi Province, Xuzhou from Jiangsu
Province, Jinan from Shandong Province, Shang-
hai, and Beijing each from China and a population
from the USA. Heferodera avenae populations
were obtained from Taigu, Shanxi Province,
China, Taaken, Germany, and Bet-Dagan, Israel.
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Fig. 1. Molecular variability between and within populations of Heferodera avenae and H. glycines. Lanes: M: 100
bp DNA ladder, U: unrestricted PCR product. A. RFLP profiles produced after digestion (Alul: lanes 1-2; Rsal: lanes
3-4; Cfol: lanes 5-6; Mval: lanes 7-8; Aval: lancs 9-10) of the ITS-PCR products obtained for two Chinese H. gly-
cines populations (liamusi: lanes 1, 3, 5, 7, 9; Tiagu: lanes 2, 4, 6, 8, 10). B. Aval digestion of the ITS region of H.
glycines. Lanes 1-5: RFLP patterns of individual cysts of the Taigu population; lane 6; RFLP patterns of 25 cysts of
the Taigu population; lanes 7-10: RFLP patterns of individual cysts of the Jinan population; lane 11; RFLP patterns
of 25 cysts of the Jinan population. C. Aval restriction patterns from six (Hgl1-Hgl6) ITS Taigu clones (lancs 1-6)
and from the Taigu population of H. glycines (7). D. Restriction fragments of amplified ITS region of a H. avenae
population from China (lanes 1, 4, 7, 10), Israel (lanes 2, 5, 8, 11), and Germany (lanes 3, 6, 9, 12); Alul: lancs 1-3:
Rsal: lanes 4-6; Hinfl: lanes 7-9; Tru91; lanes 10-12.

Sample preparation, PCR reaction and RFLP of
ITS region. The methods used for DNA extraction
and PCR amplification were similar to those de-
scribed by Subbotin ef al. (2000). For each popu-
lation either single or several cysts were used.
Primers TW81 (5'-GTTTCCGTAGGTGAACC-
TGC-3") and AB28 (5'-ATATGCTTAAGTT-
CAGCGGGT-3") were used in the PCR reaction
(Joyce et al., 1994). After DNA amplification, 5 pl
product was run on a 1% agarose gel and the re-
maining product was stored at — 20°C. Before
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digestion, PCR products were purified using the
QIAquick Gel Extraction Kit (Qiagen). Four to 7
pl of each product was digested with restriction
enzymes: Alul, Aval, Cfol, Hinfl, Mspl, Mval,
Rsal and Tru91, each in the buffer stipulated by
the manufacturer. The digested DNA was loaded
on a 1.5% agarose gel, separated by electrophoresis
(100V, 1.5 h), stained with ethidium bromide,
visualised on a transilluminator, and photographed.
Procedures for obtaining PCR amplified products
and endonuclease digestion of these products were
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Fig. 2. Alignment of rDNA sequences of two clones (Havl and Hav3) of Heferodera avenae and two clones
(Hgl5 and Hgl6) of H. glycines from China. Positions of primers are indicated in italics and 18S, 5.88 and 28S
genes in bold fonts. Restriction sites in sequences recognised by A/ul (AG/CT) are underlined; those recognised by
Aval (C/YCGRG) are double underlined.

repeated several times to verify the results. cloned into the pGEM-T vector and transformed

into JM109 High Efficiency Competent Cells

Cloning and sequencing. Prior to sequencing, (Promega Corporation, USA). Two clones of each
PCR products from H. glycines and H. avenae species were isolated using blue/white selection.
were excised from 1% TBE buffered agarose gels DNA fragments were sequenced in both directions
using the QIAquick Gel Extraction Kit (Qiagen), using two vector primers, one internal forward
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primer 5.88M2 (5’'-CTTATCGGTGGATCACT-
CGG-3’) and one internal reverse primer 5.8SM5
(5'-GGCGCAATGTGCATTCGA-3") with the
BigDye Terminator Cycle Sequencing Ready Re-
action Kit (PE Applied Biosystems, UK) accord-
ing to the manufacturer’s instructions using a 377
DNA sequencer (PE Applied Biosystems). The
DNA sequences were edited with the Chromas
program (version 1.3) and aligned using the
ClustalX program and GeneDOC (version 2.5.0;
Nicholas and Nicholas, 1997).

RESULTS

Soybean cyst nematodes. Amplification of the
rDNA-ITS region yiclded a single PCR fragment
of approximately 1030 bp (including primers) for
each of the 11 populations and isolates of H. gly-
cines. The Alul, Aval, Cfol, Mval, and Rsal diges-
tions each showed identical restriction profiles for
all populations. Restriction profiles for two of the
populations are shown in Fig. 1A. The Aval diges-
tion yielded four fragments that were revealed on a
1.5% agarose gel (Fig. 1A, B & C). The sum of
the restriction fragments obtained by this enzyme
was higher than the length of the unrestricted PCR
product, which indicates the occurrence of hetero-
geneity in the ITS regions of each of these popu-
lations. An identical restriction pattern was ob-
tained for four out of five cysts of the Taigu
population, and for four cysts of the Jinan popula-
tion. However, Aval digestion of the PCR product
from one cyst of the Taigu population yielded only
three fragments (Fig. 1B, lane 3).

After cloning of the Taigu PCR product, two
ITS haplotypes were selected using the Aval diges-
tion. Restriction profiles produced by this enzyme
with the first haplotype contained three fragments
of 552, 367 and 112 bp, whereas those produced
from a second haplotype contained only two frag-
ments of 552 and 478 bp (Fig. 1C). Aligned sequ-
ences of these two haplotypes are shown in Fig. 2.

Cereal cyst nematodes. The PCR amplification
product (including primers) obtained from the
Chinese population was approximately 1045 bp
(Fig. 2). The two enzymes Alul and Rsal produced
restriction profiles that were identical for the Chi-
nese and the Israel population, whereas Hinfl and
7ru91 produced RFLPs unique for the Chinese
population (Fig. 1D). Aligned sequences of two
clones obtained from the Chinese population are
shown in Fig. 2.

DISCUSSION

In a previous study it was shown that a combi-
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nation of seven restriction enzymes clearly diffe-
rentiated different cyst forming nematode species
(Subbotin et al., 2000). The present study confirms
that ITS-RFLPs are useful for identifying H. gly-
cines and H. avenae.

RFLPs obtained by Aval digestion distinguish
H. glycines (Arkansas, USA) from other species of
the H. schachtii sensu stricto group by the presence
of two fragments of ca. 560 and 510 bp (Subbotin
et al., 2000). The results of the present sequencing
study, and of the RFLP analysis, reveal the exact
length of these restriction fragments. They also
explain that the heterogeneity detected in the ITS
region of the Chinese populations of this species is
caused by the existence of two ITS haplotypes.
The presence of the two longest fragments may be
typical for some individuals or populations of H.
glycines containing only one ITS haplotype, as is
the case for the population from Arkansas. The
occurrence of a mixture of the two haplotypes
appears typical for genomes of the Chinese popu-
lations examined in this study.

ITS-RFLP also enabled observation to be made
of molecular intraspecific polymorphism in A
avenae, in which two ITS types were detected: i)
type A, which remained unrestricted by A/ul and
Rsal and was typical for most of the European
populations and ii} type B, which was restricted by
both of these enzymes and was typical for a popu-
lation from India (Subbotin er al., 1999). The
present study revealed that the Taaken and the
Bet-Dagan populations belong to ITS type A and
B, respectively. The Hinfl and Tru91 RFLP pat-
terns of the Taigu population were clearly different
from those of the two other populations, therefore
this population can be considered to belong to a
new ITS type C.

This is the first report of molecular studies with
Chinese cyst forming nematode populations. It
provides important information from which, it can
be concluded that a robust molecular diagnostic
protocol can only be developed if based on exami-
nation of many populations obtained from widely
disparate geographic origins.
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