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Abstract: The soybean cyst nematode (SCN), Heterodera glycines, is a serious economic threat to soybean-producing regions
worldwide. A new SCN population (called race X12) was detected in Shanxi province, China. Race X12 could reproduce on all the
indicator lines of both race andHeterodera glycines (HG) type tests. The average number of females on Lee68 (susceptible control) was
171.40 with the lowest Female Index (FI) 61.31 on PI88788 and the highest FI 117.32 on Pickett in the race test. The average number
of females on Lee68 was 323.17 with the lowest FI 44.18 on PI88788 and the highest FI 97.83 on PI548316 in the HG type test.
ZDD2315 and ZDD24656 are elite resistant germplasms in China. ZDD2315 is highly resistant to race 4, the strongest infection race in
the 16 races with FI 1.51 while being highly sensitive to race X12 with FI 64.32. ZDD24656, a variety derived from PI437654 and
ZDD2315, is highly resistant to race 1 and race 2. ZDD24656 is highly sensitive to race X12 with FI 99.12. Morphological and
molecular studies of J2 and cysts confirmed the population as the SCNH. glycines. This is a new SCN race with stronger virulence than
that of race 4 and is a potential threat to soybean production in China.
Key words: Heterodera glycines, race, soybean, soybean cyst nematode.

Soybean cyst nematode (SCN), H. glycines, has been a
major pest on soybeans (Glycine max Merr.) in China, the
United States, the Russian Far East, and some other
countries planting soybeans formany years (Koenning and
Wrather, 2010; Woo et al., 2014; Kim et al., 2016). Planting
SCN-resistant cultivars has formed the primary basis for
controlling SCN and has been widely used in soybean-
producing regions in the world, especially in the United
States (Niblack et al., 2008; Koenning and Wrather, 2010).

ZDD2315 is an elite resistant germplasm in China with
few SCN populations parasitizing on it. It has shown re-
sistance to races 1 to 6 and 11 in our previous tests. Race
X12 came from an SCN-infected field in Shanxi prov-
ince, China. ZDD2315 is highly resistant to race 4, the
strongest infection race while susceptible to race X12.
This indicates that race X12 is a new race with some new
virulent genes which makes it different from race 4.

The objective of this article is to show the virulence of
race X12 in more detail with both race (Riggs and
Schmitt, 1988) and HG type test (Niblack et al., 2002).
Some other elite resistant lines, such as ZDD2315 and
ZDD24656, were also used to test the virulence of race
X12. The results of this article may be helpful for nav-
igating the use of resistance in soybean breeding pro-
grams and the future control of the SCN population.

MATERIALS AND METHODS

Plant materials: Seeds of indicator lines for the race
and HG type tests, Lee68 (susceptible check), ZDD2315,

and ZDD24656 were taken from the germplasm re-
sources at the Henan Academy of Agricultural Sci-
ence. The resistance genes of ZDD24656 come from
ZDD2315 and PI437654 and this line has been autho-
rized for release in China because of its higher yield
and stable high resistance to races 1 and 2 (Liu et al.,
2008). The pedigree chart of ZDD24656 is shown in
Fig. 1.
Bioassay method: ZDD2315, ZDD24656, four indicator

lines for race (Peking, Pickett, PI88788, PI90763), and
seven indicator lines for the HG type test (Peking,
PI88788, PI90763, PI437654, PI 209332, PI 89772, and
PI548316) were evaluated for race X12 infestation fol-
lowing an environmental chamber bioassay at the
Henan Academy of Agricultural Science, Zhengzhou,
China. Briefly, plastic cups (6 cm 3 12 cm) were filled
with soil infected by race X12. Variety Lee68 was plan-
ted in the cups and sufficient numbers of eggs for the
following bioassay were reared. Nine plants from each
test line, indicator lines for the race test and the HG
type test, and Lee68 were arranged in a randomized
complete block design. Three days after trans-
plantation, seedlings were inoculated with about 2,500
eggs from race X12. The experiments were maintained
at 70% to 80% relative humidity, 258C to 228C (L/D),
and a photoperiod of 16 hr : 8 hr (L:D) and were wa-
tered daily. Thirty days postinoculation, nematode cysts
were washed from each plant roots, uniformly distrib-
uted to a piece of black cloth, and nematode cysts im-
ages were captured with a common digital camera.
Carestream molecular imaging software was used to
obtain counts of the number of cysts (Wang et al.,
2014).
DNA extraction: Several cysts were transferred into

1.5-ml eppendorf tubes containing 8 ml of distilled
water and 10 ml of nematode lysis buffer (500 mM KCl,
100 mM Tris-HCl pH 8.0, 15 mM MgCl2, 1.0 mM DTT,
4.5% Tween 20) and crushed with a microhomogeniser
Vibro Mixer for 3 min. Two microliters of proteinase K
(600 mg�ml21) was added and the tubes were incubated
for 1 hr at 658C and 10 min at 958C consecutively. Then,
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the tube was centrifuged for 1 min at 16,000 g. The
DNA suspension was used for further study.

PCR reaction: Two microliter DNA suspension was
added to 18-ml PCR reaction mixture containing: 2.0 ml
103QiagenPCRbuffer, 1.6ml 25mMMgCl2, 0.8ml 10mM
deoxynucleotides, 0.2 ml of each primers (1.0 mg/ml)
(synthesized by ShengGong Company, Shanghai,
China), 0.2 ml of Taq DNA Polymerase (5 U/ml) (Taq
PCR Core Kit; Qiagen, Hilden, Germany) and 12.6 ml
of distilled water.

Four sets of nematode universal PCR primers of ITS,
18S, and D2/D3 regions were used in the PCR reaction
to amplify fragments from race X12 (Subbotin et al.,
2000a, 2000b; Mimee et al., 2014). The PCR reaction
key factors are listed in Table 1.

Two other sets of primers were used to identify the race
X12 as SCN H. glycines. The first set contained the uni-
versal D3A (59-GACCCGTCTTGAAACACGGA-39) and
D3B (59-TCGGAAGGAACCAGCTACTA-39) primers (Al-
Banna et al., 1997; Thomas et al., 1997), which amplified
a 345 bp fragment of the D3 expansion region from 28S
rDNA gene, which indicates the presence of template
nematode DNA in the sample and the quality of perfor-
mance of the PCR. The second set contained species-
specific primers GlyF1 (59-TTACGGACCGTAACTCAA-39)
and rDNA2 (59-TTTCACTCGCCGTTACTAAGG-39), a
universal primer, which amplified a 181 bp fragment
from the ITS2 region and part of the 28S gene. The

primers GlyF1 and rDNA2 have been shown to be
species-specific to H. glycines populations (Subbotin
et al., 2001). The PCR mixtures with DNA templates
from race 2, 4, and 5, respectively, were run as positive
controls. The PCR mixtures without DNA template
were also run as negative control. The experiments for
H. glycines cysts identification were repeated three
times.

RESULTS

Race X12 morphological characteristics of cysts and J2: The
cysts of race X12 were brown and lemon-shaped with
a protruding neck and cone, ambifenestrated, under-
bridged, and had a strongly developed bullae. Second-
stage juveniles (J2) were vermiform with a hyaline
region in the tail terminus. The J2 (n = 52) were typical
for SCN with a body length of 409.106 33.47 mm, stylet
length of 26.20 6 1.32 mm, tail length of 49.80 6
2.51 mm, and hyaline region tail length of 28.20 6
1.67 mm (Table 2).

Race X12 cysts molecular characteristics: The PCR am-
plifications were performed using the race X12 DNA as
template. The expected sizes of fragments were ampli-
fied, and the amplification products were about 750 bp
with primer ITS-F/ITS-R, about 800 bp with primer
TW81/AB28 from ITS, about 760 bp with primer 18S-F/
18S-R from 18S and about 300 bp with primer D2A/
D3B from 28S (Fig. 2).

We further identified race X12 as H. glycines using
a species-specific primer combination. All the tested
populations including race 2, 4, 5, and race X12
yielded two distinct fragments (345 bp, a universal
fragment to nematode species and 181 bp, a species-
specific fragment to H. glycines populations), but
these fragments were not found in the negative con-
trol (Fig. 3).

Virulence evaluation of race X12 using race and HG type
tests: To show the virulence of race X12, we evaluated it
with indicator lines of both race and HG type tests.
Results showed that race 4 could parasitize on Pickett,
Peking, PI88788, and PI90763. The populations pro-
duced from race X12 could also parasitize on these
same four varieties. The average number of females on
the Lee68 was 171.40 with the lowest FI 61.31 on
PI88788 and the highest FI 117.32 on Pickett (Table 3).
When tested with HG type, the results showed that the
populations could reproduce on all seven indicate lines
with the lowest FI 43.18 on PI88788 and the highest FI
97.83 on PI548316. The average number of females on
Lee68 was 323.17 (Table 4).

Virulence evaluation of race X12 using ZDD2315 and
ZDD24656: ZDD2315 is highly resistant to race 1, race 2,
and race 4 with FI 0, 0, and 1.5, respectively (Table 5).
ZDD2315 and ZDD24656 are highly sensitive to race
X12 with FI 64.32 and 99.21, respectively (Table 6).
Race X12 could reproduce on ZDD2315 successfully,

TABLE 1. Universal primer sequences and amplification condi-
tions.

Primer name Primer sequence (59-39)
Annealing temperature
and extended time

ITS-F TTGATTACGTCCCTGCCCTTT 588C, 19300
ITS-R ACGAGCCGAGTGATCCACCG
18S-F TTGGATAACTGTGGTTTAACTAG 558C, 19300
18S-R ATTTCACCTCTCACGCAACA
D2A ACAAGTACCGTGAGGGAAAGT 578C, 300
D3B GACCCGTCTTGAAACACGGA
TW81 GTTTCCGTAGGTGAACCTGC 578C, 19300
AB28 ATATGCTTAAGTTCAGCGGGT

FIG. 1. Pedigree chart of ZDD24656. ZDD24656 derived from
PI437654 and ZDD2315. Highly resistant to race 1 and race 2.
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whereas race 4 could hardly reproduce on it. Also,
ZDD2315 is highly resistant to race 1 and race 2 but
highly sensitive to race X12. That is to say, race X12 is
more virulent than other races.

DISCUSSION

A new race of SCN H. glycines: Race X12, was detected
in a soybean field heavily infected with SCN in Shanxi
province, China, during our survey on the diversity and
distribution of H. glycines races in the Huang-Huai
Rivers Valley (Lian et al., 2006). In practice, cyst form-
ing nematodes are assumed to be H. glycines if found
infesting a field with a soybean history (Riggs and
Niblack, 1993). Morphological studies of cysts and J2 also
confirmed that the nematode population of race X12 is
SCN of H. glycines because the morphology of the cysts
and J2 of race X12 were consistent with those of H.
glycines (Subbotin et al., 2001). Studies showed that the
SCN fragments donot vary in length significantly fromother
nematodes (Al-Banna et al., 1997; Thomas et al., 1997).
Race X12 has the molecular character of a nematode,
and we found all the expected size fragments by PCR.
Amplifying a 181 bp fragment from race X12 using
species-specific primer combination of nematode H.
glycines further confirmed that race X12 was H. glycines.

The present situation of SCN races: In the United States, the
most common races are 1, 2, and 3 in frequency in Mis-
souri, accounting for 44.4%, 22.2%, and 22.2% of the
populations sampled, respectively, in 2005 with virulence
phenotypes of H. glycines shifting from 1998 (Mitchum
et al., 2007). Races 3, 1, and 2 (in frequency) accounted for
86% of H. glycines populations during a survey in Missouri

in the years 1998 to 1999 (Niblack et al., 2003). HG types 0,
2.5.7, and 7 accounted for 81% of all the HG types de-
termined for the samples tested during a survey in South
Dakota (Acharya et al., 2016). In Canada, the SCNwas only
reported in the province of Ontario before 2014. However,
since then the SCNwas detected in the province ofQuebec
and has been spreading in a north and northeast direction
along the St. Lawrence River (Mimee et al., 2014). In
China, the SCN was restricted to the northeast and the
Huang-Huai River Valley, the two principal soybean pro-
duction areas. Races 2, 5, and 4 (in frequency) accounted
for 83.9% of H. glycines populations in a race distribution
survey in Huang-Huai Rivers Valley from the year 2012 to
2015 (Lian et al., 2016). Our survey also showed that the
predominant race H. glycines have changed from race 1 in
2001 to 2003 (Lu et al., 2006a) to race 2 in 2012 to 2015 in
Huang-Huai Rivers Valley. Now, the SCN has spread into
the Xinjiang Uygur Autonomous Region, Guangxi,
Guizhou, Jiangxi, Gansu, and Ningxia province which
were not infected areas before (Peng et al., 2015; Wang
et al., 2015). To a large extent, overutilization of re-
sistant cultivars for H. glycines as a management tool
results in decreased resistance to a given race over time. It is
believed that continuous planting of the same resistant
cultivar can lead to genetic changes in the SCN so that they
eventually develop and reproduce on those cultivars
(Grabau and Chen, 2014; Jain et al., 2016).

SCN with increasing infestation tendency in China: In
Huang-Huai Rivers Valley, SCN takes place much more
seriously in Shanxi than in other provinces. Therefore,
most of the elite resistant germplasms come from this
province, like ZDD2315 (Lu et al., 2006b), PI437654,

TABLE 2. Morphometrical characters of juveniles (J2) of Heterodera glycines from race X12.

Characters Body length Stylet length Tail length Hyaline region tail length

n = 52 409.10 6 33.47 (338–488) 26.20 6 1.32 (23–28) 49.80 6 2.51 (45–53) 28.20 6 1.67 (25–31)

All measurements are in mm. The measurements are given as arithmetic mean 6 SD and minimum–maximum.

FIG. 2. PCR amplification with universal primers of Heterodera gly-
cines. Expected fragments were yield with four sets primers amplifi-
cation from race X12 DNA. M, DL2000; 1, Primer ITS-F+ITS-R; 2,
Primer 18S-F+18S-R; 3, Primer D2A+D3B; 4, Primer TW81+AB28.

FIG. 3. PCR with the GlyF1 species-specific primer. The amplified
products are obtained from single cyst samples of race 2, 4, 5, and
X12, respectively. Lane M: DL2000; Lane 1: PCR amplification with
universal primers D3A/D3B and approximately 345 bp fragments
were yield from 28S gene of Heterodera glycines except NC; 2: PCR
amplification with a species-specific primer GlyF1 and a universal
primer DNA2 in combination and 181bp fragments were yield from
ITS2 region and a part of the 28S gene of Heterodera glycines except
NC. NC = negative control.
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Peking, etc. (searching in USDA http://www.ars-grin.
gov/npgs/index.html). ZDD2315 has been widely rec-
ognized as the most resistant soybean line in China for
its high resistance to all the races. It is also reasonable to
find much more diversity of SCN population in Shanxi
province because of the soybean-SCN interaction. Race
X12 is more virulent than race 4 because our study
showed that ZDD2315 had high sensitivity to race X12
but high resistance to race 4. The results indicated that
there might be some new virulent genes in race X12.
The presence of race X12 showed that the SCN has an
increasing infestation tendency, and race X12 is a po-
tential threat to soybean production especially in
Huang-Huai Rivers Valley in China.

The impact of new race on soybean: Planting resistant
cultivars have formed the core management strategy for
the SCN for many years. However, the emergence of
race X12 is a problem in that and the current resistant
varieties are susceptible to it. This may result in the
increase of the prevalence of SCN. The resistant varie-
ties include three main sources for genetic resistance to
the SCN: PI88788, Peking, and PI437654 (Hartwig and
CystX). The resistance genes, such as Rhg1 and Rhg4,
represent the major sources of resistance for the SCN in
soybean cultivars, and many quantitative trait loci har-
boring minor genes have been identified for SCN re-
sistance (Cook et al., 2012, 2014; Liu et al., 2012; Jiao
et al., 2015; Kadam et al., 2016) are no longer resistance

genes for race X12. The SCN is the most economically
important soybean pathogen in the United States be-
cause it causes more yield loss than any other disease
(Koenning and Wrather, 2010). Race X12 is likely to
cause immeasurable losses to soybean production in
the future. Therefore, effective measures should be
taken to limit its spread into other areas and reduce the
female numbers in infected soil.

Management of race X12: The SCN needs a period of
years to build up to damaging levels in fields and it
almost cannot be eradicated from infected fields be-
cause the SCN persists in the soil for many years.

TABLE 3. Evaluation race X12 with race test.

I II III

Indicator lines Average number of cysts per plant FI

Lee68 226.11 6 65.38 (140–308) 178.75 6 45.20 (114–257) 102.50 6 17.78 (80–134) –
Pickett 223.25 6 49.07 (170–297) 267.25 6 34.20 (195–302) 112.75 6 22.09 (86–156) 117.32
Peking 212.75 6 45.22 (150–254) 171.63 6 27.63 (138–225) 111.63 6 22.78 (89–148) 90.93
PI88788 132.25 6 34.97 (91–182) 106.13 6 23.53 (79–144) 76.88 6 15.97 (53–97) 61.31
PI90763 92.25 6 42.84 (26–170) 135.63 6 23.68 (96–162) 108.13 6 20.78 (73–137) 65.34

I, II, and III are repetitions at different times.
The numbers for each indicator line are arithmetic mean 6 standard deviation and minimum–maximum.
Female index (FI) is given as the mean number of cysts of each indicator line relative to the mean for Lee68. Means found by pooling over all three times.

TABLE 4. Evaluation race X12 with HG type test.

Ⅰ Ⅱ III

Indicate lines Average number of cysts per plant FI

Lee68 290.75 6 43.06 (224–342) 261.17 6 37.39 (190–324) 417.58 6 44.19 (350–512) –
Peking 274.08 6 48.04 (196–351) 209.58 6 33.97 (158–258) 142.25 6 29.80 (80–185) 64.56
PI88788 95.92 6 14.18 (76–120) 159.58 6 33.56 (98–214) 163.08 6 42.61 (86–238) 43.18
PI90763 63.83 6 12.24 (47–91) 141.75 6 27.96 (87–178) 257.17 6 45.29 (169–310) 47.73
PI437654 251.42 6 43.36 (178–312) 139.83 6 29.06 (78–175) 171.00 6 42.73 (110–256) 57.99
PI209332 120.42 6 31.62 (72–176) 178.67 6 48.68 (86–241) 649.33 6 105.73 (428–810) 97.83
PI89772 116.83 6 29.84 (76–180) 195.58 6 38.88 (120–249) 173.08 6 53.49 (98–260) 50.08
PI548316 253.33 6 40.21 (198–329) 220.75 6 40.63 (128–297) 418.17 6 56.54 (326–502) 92.03

I, II, and III are repetitions at different times.
The numbers for each indicator line are arithmetic mean 6 standard deviation and minimum–maximum.
Female index (FI) is given as the mean number of cysts of each indicator line relative to the mean for Lee68. Means found by pooling over all three times.

TABLE 5. Test the resistance of ZDD2315 to race 1, race 2 or
race 4.

Repeats

The average cysts number per plant

Races Lee68 ZDD2315 FI

Ⅰ R1 249.00 6 102.27 (118–368) 0 6 0 (0–0) 0
R2 281.60 6 156.30 (90–464) 0 6 0 (0–0) 0
R4 278.13 6 86.61 (114–360) 4.20 6 0.83 (3–5) 1.52

Ⅱ R1 180.57 6 56.10 (118–252) 0 6 0 (0–0) 0
R2 194.17 6 51.98 (131–274) 0 6 0 (0–0) 0
R4 242.14 6 59.78 (123–315) 3.63 6 0.92 (2–5) 1.50

I and II are repetitions at different times.
The numbers for each indicator line are arithmetic mean 6 standard de-

viation and minimum–maximum.
Female index (FI) is given as the mean number of cysts of each indicator line

relative to the mean for Lee68. Means found by pooling over all three times.
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Consequently, periodic monitoring for population
densities and devising management strategies to reduce
SCN numbers and slow SCN spreading speed should
take first priority. Management strategies including (i)
Screening new resistant germplasm and using it in soy-
bean breeding programs to develop H. glycines resistant
soybean cultivars. (ii) Identification of molecular
markers by DNA sequencing that is associated with race
X12 resistance for developing resistant varieties. (iii)
Rotation with nonhost crop, such as corn, alfalfa, and
grain sorghum is necessary to reduce the SCN densities.
(iv) Cultural practices, such as early planted soybean,
because the population density declines from April to
June and no-till farming practices which could suppress
cyst densities. (v) Chemical control should be consid-
ered for controlling the new race even though there
may be negative economic returns for growers because
of the high cost required in nematicides combined with
the low price of soybeans.
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ZDD24656 184.25 6 25.75 (145–215) 153.13 6 53.45 (95–243) 172.75 6 33.70 (119–208) 99.21

I, II, and III are repetitions at different times.
The numbers for each indicator line are arithmetic mean 6 standard deviation and minimum–maximum.
Female index (FI) is given as the mean number of cysts of each indicator line relative to the mean for Lee68. Means found by pooling over all three times.
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